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NORTH iENGA.L, 1870—1922.

By P. 0. Mahalagebis, I.E.8!, Protessor, Presidoncy Coffis; amd Weteorolegist, Calcutta.

PART |.—SECTION |.—INTRODUC-
TION AND SUMMARY OF CON-
CLUSIONS. = o

» 1. The .North Bengal #loo? Com-

mittee' was appointed by the Gov-
wernment of Bengal in Fe ruary 1923,

The Committée co-opted me” as a
‘member, after the'first two meetings of
the Committee had already been ﬁld_
and requested me to fm the Com-
mittee with rainfall data and m r-

ingn thé abion of occurrence of
fl . s in.-*?&ﬂgal. n

A this time 2. proposal had been
fore ‘ommittee for the
Ehc:’kl and gnlntion-of the -

water in the upper ions
struetion of ﬂuip)pde absorption xvﬂ
" and retardation basins, by meams of
- which part of the ficod of any particular
in_or basins can be held back whilst
the dise from some other catch-
. ment is a o pass ofilind so reduce
‘the volume of water coming upon the low
areas at one time."’ i

I learnt from Mr. G. T. Huntfgford

‘%‘ Chief renw’ to the Govern-
i of Bengal, Public Works -
ment, and ex-officio Chairman, of the

ad Committee) that the

Committee whe then acutally consider-
ing’ a draft report recommending to
Government “ an  investigation both

from an engineering and’ from a
“point of view of the possibility

finaneial
'_ mlng snch flood absorption
o ade a prelimi study of the
Jmm for the 1! lmdyth 1918
o nh i o
sai na m near h -~
the flooded areas, so that the
of M y “upp

3. I prepared a set of sucly rainfall
maps (for five important floods) and
placed thém before the third meeting of
the Committee held on the 4th March
1924, “The importance of the rainfall
data_was immed Iy recognised, and
¥ was requested by the Committee to sub-
mit a reporton the rainfall.data for all
Important floads in North Bengal during
as long a period as possible. The
present report embodies the results of an
analysis of “the available rainfall data

bearing .on the question under discus-
sion.

4.. I Tound from the records of the
‘Meteorological  Office, Alipore, that
» reliable rainfall data for about 10 sta-
ons could be obtained from the year
B70. Some of them had been started
earlier than 1870, but thev were too few
in number to be of any use. I there-
fore decided t start my work from the
year 1570. A complete list of all the
rainfall stations will be found in Table
Al 1)

9. My lirst task was the compilation
of a rehable list of 11l the important
floods which had actually occurred in

~ North Bengal during the period 1870
1922. I approached the Chairman of
the North Bengal Flood Committee vwith
a request to supply me with such infor-
mation as would enable me to prepare a
list of all important floods in North
Bengal, area by area, and year by year,
classified according to severity, Un-

fortunately this information was not

available eit.hey in the Irrigation
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individuals, and  doubted whether the
classific .ulnh could be depended upon
I'he information supplied was very
meagre and was not sufficient to enable
me to start my work

The Administration Reports of the

Government of Bengal from 1870 to
1922, and the District Guz(-ttu:rs for all
the districts in Rajshabi  were next
systetnatically searched, and a provision
al list of important floods was prepared
and elassitied under four heads :

(a) (‘atastrophic. -Involving  con-
siderable direct loss of human
1ifi ; wery great destruction of
cattle and Crops

(b) Severe —Small loss of human
life: considerable destruction of
crops and cattle.

(¢) Moderate — Considerable damage
to erops and cattle, but no loss
Af human hife

(d) Slight.=Slight. or moderate
damage to crops, but no direct
loss of cattle or human life.

6. A systematic search was then
made among the old files of 1mportant
newspapers and periodicals available in
Calcutta. My best thanks are due to the
authorities of the I'mperial Library and
the proprictors of a large number of
newspapers (e< ecially the proprietors

. of the Amrita Bazar Patrika) for faci-

lities given to me in this connection. A
_list of the chief periodicals consulted is
given below :

(1) The Amrita Bazar Patrika,
(2) The Bangabasi,
(3) The Hitabadi,
(4) The Bengalee,
(5) The Englishman,
(6) The Statesman,
A7) The Hindu Patriot,
(%) The Prabasi, and
2(9) The Modern Review.

The compilation of flood records was
E:'Anfnlly and conscientiously F

IZLBAbu Pabitra ar,
B.A., of Meteorological , Ali-
pore.

t

o P

Officer. Nortk Bengal Flood Relief Com-
mittee), for much valuable information.
Mr. Rathindranath Tagore, B.sc., very
kindly placed at my qlﬂsposul manus-
cript copies of weekly reports on
weather and flood condifions preserved
in the old files of the Tagore estate in
North Iiengnl. These records refer to
pargana Kaligram near Atrai, whick
15 situated in the heart of the central
flood-area. They proved very useful in

checking the descriptions obtained from
other sources. 5

7. It may be assumed as a working
hypothesis that the normal drainage in
any area is at least just sufficient to
cope with the normal rainfall in that
area. It is, of course, not true that the
normal drainage is always sufficient to
drain away the whole of the rainfall;
for in many parts of North Bengal shal-
Iow floods and inundations are a regular
feature of the rainy season, but 1 think
it is true that, even with very heavy
falls (provided they are normal or below
normal), there would not ordinarily be
any distress. It is the excess above

. normal which is important in causing

abnormal flooding and consequent dis-
tress to the inbpb?tants.

8. Normal rainfall for each day of
the year was available for only nine sta-

tions ‘(’Ru-pur Boalia, Malda, Dinaj-
pur, Jalpaiguri, Cooch Behar, Kalim-
pong. R ur, Bogra and Sirajganj,

which are daily reporting stations). It
therefore became necessary to calculate
the daily normal rainfall for the other
55 stations, The records showed
that serious floods in North Bengal had
usually occurred either in A}fust or
Se ber'; that is, in the middle or

tow the end of the rainy season. I
thre:t;lm o the daily
of i ) months




Rainfail figures were taken from
the “ Daily Rainfall of India '’ (pub-
lished by the different Provincial }}uw

~ ernments of India), which in many cases
had to be checked and corrected from the
original manuscript records of the Ali
pore Meteorological Office.

Accurate information about actual
dates on which the floods occurred was
lacking in most cases. A careful
scrutiny of the original rainfall records
and a method of approximation by suc
cessive stages had to be adopted to fix
the limits of what mav be called the
“days of flood rainfall.”” that is the
rainfall which probably acted as the
direct cause of the flood in question.

For every flood, T first located ap
proximatelv several possible periods of
flood rainfall, by visual examination -
the original records. The total rainfall
as well as the excess percentages of each
of these trial periods were then calen-
lated and plotted on large scale (17 =16
miles) working maps. I then compared
these maps with the available descrip-
tion »f the flood in question, and selected
that particular rainfall period which
corresponded most closely to the avail-
able flood description.

A large number of such trial periods
(sometimes eight or ten for important
floods) were worked out and examined.
The final selection was thus made out
of a large number of possible periods,
and may therefore be taken as the most
probable one.
~ 9. When I first started work. T had
intended to make a more comprehensive
survey of the meteorological data than
that given in the present report. My
m“ project covered a svstematic
nalysis of the mons»on rainfall. month
by month, n(:d by five-day }’"iﬁg" ffur
every year (i tive of ¢t act

whether a flood r:d occurred or not),
w‘iil.g a study of (a) the variability

frequencv distribution for
. periods, ‘z) the correlation of
het ween t days and differ-
s for the station, and (c)
n of rainfall between differ-
for the same day and the

; .l he linited resources at my disposal
as regards tims, trained clerks . and
calculating appliances) compelled e
after some time, to :

curtail my pre

Rramnme  very considerably A 1','"»d
:llp;nl of work, however was done before
Bave up my original project. For

example, the analysis »f rainfall by five-
day periods; the intra-class correlation
and variabilities fir one day, two, three
five and seven divs (for 38 hlalim}x\; th:‘-
frequency constants (up to g and g ),

:\nvi‘ the Jeorrelation between different
stations for the tri-monthly period July

September, etc., have been all deter-
mined. A great deal. however, still
remains to be done. and in view of the
nn!mhhwl state of the work as a whole,
I have considered it advisable to leave
them out from the present report

10.  Tabulation of dailv pormals,
compilation of 8ood reports. and finallv
the analvsis of relevant rainfall data
were lahorious tasks, and involved a
very good deal of detailed work  Pro
gress was necessarily  slow. and more
particularly so. as I conld supervise the
work only in my spare time. after dis-
charging the duties of my dual office of
Meteomologist. Caleutta. and Professor
Presidency College

~

Contents of the Report.

11.  The present report covers the
administrative division of Rajshahi,
better known as North Bengal. compris
ing the districts of Darjeeling, Jalpai-
guri, Cooch Behar, Dinajpur. Rangpur,
Malda. Rajshahi, Bogra and Pabna.
It is situated between Lats 237 49" and
277 13’ N. and between lLongs. B7° 487
and 89° 53° E.  The area covers about
20,000 square miles and contains a popu
lation of nearly 10 millions. It is
bounded on the north by the Himalavas,
on the east by the river Sankosh (which
separates the district of Jalpaiguri
from the district of Goalpara in Assam)
and the Brahmaputra, on the south hv
the Ganges and the Pudma, and on the
west by the Purnea district. 2

. report consists of two parts
—<lu2n 5:{“! and the other descriptive.
The actual description of each individual
flcod(tneether with all relevant rainfall

T1. the
A LR
L e A
2l

.
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13. Part I, which gives a general
discussion, is divided into five sections.

Nection [ —Introduction and sum-
mury of conclusions.

Section I1.—Normal Rainfall and its
Variability —It contains a general ac-
count of the seasonal precipitation in
North Bengal; normal rainfall for the
three months July, August and Septem-
ber: the variability of rainfall from
vear to vear; short notes on intra-class
correlations for successive days; fre-
quency »f heavy rain; and fluctuations of
rainfall from place to place

Seetion I1II—The Flood-areas of
North Bengal —For discussing the flood
records, T have found it convenient to
divide North Bengal into three main
flood divisions with three subdivisions in
each. The unit for discussion in the
present section is each such subdivision.

A description of the drainage (includ-
ing notes on the history of river channels)
is given for each divi ‘on, and the more
important causes operating in each flood-
area are discussed in detail.

Nection 1V. —Forctors affecting the oc-
eurrence of Floods in North Bengal.—-
This section contains a discussion of the
relative importance of the different
factors—cyclonic  downpours: general
excess of rainfall: advent of water from
adjoining areas; Ioss of water by evapo-
ration and transpiration; level of drain-
age channels and notes on obstructions
to drainage.

Section V.— Season and Frequeney of
Floods : Flood Prevention and Flood
Warning —Frequency of floods of
different intensities in North Bengal have
been compared with American and
European data. This section also gives
a short discussion of the different
methods for flood prevention—erection
of retardation basins, embankments; and
improvement of drainage channels. It
alsd cortains a few notes on tue issue of
‘flood warnings.
t'Rm'nlall and Flood Ma'gs.—’l'hirty-

O Inaps  accompany is  re| ;
Rainfall  figures nnd?? lines are evp:rryc-
where given in red, and flood areas and
Mhﬂdlﬁﬂ l'ﬂnj;gl black. Normal and

( ) are given in inches, while
departures are shown o

14. 1 am much indebted to Sir P. C
Ray, President, aud Dr. Meghnad Saha,
lfn}-hcn.\' Officer of the North Bengal
Flood Relief Committee (a non-cfficial
orgamsation), for information about the
great fleod of 1922. to Mr. Rathindra-
nath Tagore fod weekly weather reports
from his estate in North Bengal, for the
period 1882--1922; t5 Mr. G. H. Tipper
of the Geological Survey of India for
many valuable suggestions and informa-
tion about the river system of North
Bengal; to Babu S tis Chandra Ghosh,
Superintendent, Meteorological Office,
Alipore, for supervision, Babu Prakriti
Prasanna ('hatterji, also of the Meteoro-
logical Office, and my own assistants,

Babu Devendranath “Chakravarti and
Babu Sudhir Kumar Banerji, for the
actual computation of the ~ statistical

work.

I am under a special debt of gratitude
to Mr. C. Addams-Williams, President,
and Mr. A G Maflin, Secretary (., the
North Bengal Flood Committee, for the
facilities given to me for the present
woik. 1 also beg to acknowledpge the
ungrudging help I have received from
Bzbu Pabitra Ranjan Kar, B.A., who
worked as my assistant throughout the
course of my enquiry,

15. T regret very much the great
delay in submitting my report. This is
partly due to constant interruptions by
my departmental work in the Presidency
College, and in the Meteorological
Office, Alipore, and also to the fact that
I was obliged to take leave during the
course of my enquiry on account of ill-
health.

16. For convenience of reference, I
append herewith a short summary of

conclusions.
April, 1926.

SUMMARY OF CONCLUSIONS.
1.—Normal Rainfall and its
Variability.
1. .The effective rainfall (nearly 56

per cent. of the annual precipitation),
so far as floods in North are con-
cerned, is concentrated within the three

ths July, Ax and September,
mhﬁgﬁmm&yw
monsoon. '

> normal rainfall is fairly

(about 30" in three months) in
dy (shout 0 in thres moatha)
the north, under the of the




the foothills and outer regions of the
Himalayas, and then falls off rapidly
in ¢he interior of the hilly country.

normal rainfall also increases
slightly towards the east owing to the
presence of the Garo hills.

3. The monsoon rainfall is pulsatory
in character, and heavy falls are almost
invariably brought about by cyclonic
storms from the Bay. The tracks of
these storms vary very considerably, and
the actual region of the heaviest precipi-
tation along any particular track aTso
varies largely. :

4. The wvariability of rainfall
diminishes rapidly as the period (i.e.,
number of days) under consideration is
increased. Tge following theoretical
expression for the variability for “ K
days, was obtained on certain plausible
assumptions:—

: |

Clie-ng, | 21)
where V, is the observed variability for
1 dav, and R, the * intra-class ’’ cor-
relation for “K ' successive dayvs.
Variabilities calculated from the above
equation (2-1) were found to agree very
well with directly observed variabilities.

" 5. The * intra-class correlation ',
R. for “K ' successive days, can be
~graduated by the empirical formula

=0"588 K '=(06714'K)"!

The agreement with observed values
of R, was found to be satisfactory.

6. The observed seasonal variability
of rainfall (for three months) is fairly
steady, and is of the order of 25 or 30

‘Kmﬁ. of the normal precipitation.
'he calculated annual variability is
about 17 per cent. The variability of
rainfall in North Bengal is not excessive
In comparison with other provinces of
India, or other countries of the world.

~ The fre%uency distribution of
not “ normal,’’ that is, can-
tely described by the Gauss-

(<]

-

during any particular season, and it is a
Matter of great uncertainty where the
greatest rainfall would occur during the
advance of a storm from the Bay e

10.  Such fluctuations are, however
perfectly random, and the rainfall
records doa not

r " n-vm} the existence of
particular regions which are more likely
to receive heavier falls than

- other
regions.

11.—Floods in North Bengal,

1. North Bengal can be
divided into several
areas :—

» conveniently
distinct  flood

(A) Hilly districts and submontane
country.

(B) Flat ri|4mri:m tracts drained by
the Tista, the Brahmaputra,
and the Ganges

(C') Country in the interior.

2. Sudden and torrential d Whnpours
caused by evelonie starms from the Bay
constitute the most important direct
cause of floods in North Bengal. and
have brought about all the great flonds
of North Bengal during the last 50
vears.

3. Long-continued excess of general
rainfall is also an important factor: and
without it. a severe flood cannot last
long in North Bengal. Tn area (A). and
in the riparian tracts of the Brahma-
putra and the Ganges. it acts as a
predisposing factor, but cannot hy it-
self cause seriong» flooding. In  the
plains of the Tista (B-1. vide Map No
2) and in the interior of the country
(C-3). it is, however, sufficient hyv itself
te cause a sicht or moderate flood.

4. Rainfall has usually been heaviest
in the area in which the flood actually
occurred. Water coming from adjoin-
ing areas has acted indirectly by swelling
the rivers (and thus hampering the quick
flowing away of the flood-water). but
except to some extent in the submontane
m:::ry. has done very little direct mis-
chief.




6. At a very rough estimate, the
maximum loss by interception, evapora-
tion, and transpiration may be taken to
vary from 0-3" to 0-5" per day during
the monsoon in North Bengal. The
normal daily rainfall is 0-54". So that
the excess of from 0-04” to 024" of rain

day must be carr ff by the river
channels uuder n onditions.

7. The level of river
exercises a great influence on the oceur-
rence of floods in certain areas. A high
level of the Tista acts as a favourable
condition for floods in the submontane
country (A-2), and in the north-eastern
plain (B-1), and may become directly
operative by actual overflow. It also
acts as a predisposing factor tor floods
in (B-2). A high level of the Brahma-
putra is the dominating factor in (B-2).
and may cause local floods even when Jhe
rainfall is not in excess; it can prolong
a flood in the eastern portions of (('-3)
but has practically no influence in the
other areas. A high level of the Ganges
can easily cause a flood in (B-3), can
complicate the situation by pouring in
water into the Chalan bi/ area. but on
the whole, does not exert much direct
influence on the occurrence of floods in

channels

the central or other areas of North
Bengal.
8. Drainage is generally unsatis-

factory over the greater part of North
Bengal, and is peculiarly susceptible to
even very slight changes of level. There
is ample evidence to show that the
ground level in the central area is being
continually raised bv the deposit of silt.
and the river channels in the interior are
steadily deteriorating.

Railway embankments (and possibly
other obstructions) have helped in this
process by acting as obstructions to the
natural drainage of the area. Railway
embarnkments have occasionally acted as
barriers for holding up the flood-water,
and have thus helped in prolonging the
duration of floods.

9. In North Bengal the frequency of
floods :;.omekind or ntber'?g 1in 2

Bel". l'll;: river
nga under f:

during the last 1 yel:rr: Wﬂpecinll’y. i

the central area, where important rivl!

channels have decayed, and the dnlr::

system in No“h

Ty { drainage i

steadily getting worse, and if this'pr(l:
oess continues as it is doing at present,
floods are likely to occur in future with

Ereater fmqﬁenc . and e :
greater severity. y possibly with

11. The flood of 1922 was caused by
cyclonic rainfalls of practically un-
precedented magnitude. The rainfall
in the central area in one week was
about 10 times the normal weekly preci-
pttation, nearly three times the normal
precipitation for the month of September,
and approached the normal rainfall for
the whole of three months, July, August
and September. In other words, the
flooded  area received in one week
practically as much rain as it would
receive in certain years during the whole
monsoon - period. Railway embank-
wents hampered quick draining away
of the flood-water, and thus served to
prolong the duration of the flond. But
with such heavy falls, a flood of
practically the same magnitude was
bound to occur, even if there had not
been a single railway line in existence.

12. Probability of occurrence of
great floods diminishes very rapidly
with tne magnitude of the floods. The
flood of 1922 was very exceptional, if
not practically unprecedented, and a
recurrence of a flood of such magnitude
lwithin a short time is extremely unlike-
.

13.  As the direct flow of water f1 )m
the north p;!s:;ot adfmmof i runce.h .
(paragra; , and as site o
the nie-vwst precipitation always
remains a matter of great uncertainty
(paragraph 9), the erection of retarding
basins is not likely to prove successfu
in preventing the occurrence of floods in
North Bengal.



15. The essential preblem in North

is one of getting rid of the water

, and any improvement ‘of the
chnnsa is ki to exert a

" beneficial influence, either by preventing

undue mnului:;:‘ :;f waler, or b)':
ing in the qui raining away o

gp&-nm.q

16. Owing to the low level of the bil
area, floods are, however, likely to occur

frequently, until the level of the

m area is raised sufficiently to ensure
the establishment of a stable hydrologi-
cal regime

17. 1t is therefore necessary to advise
and educate the inhabitants to adopt
their life to the changing conditions; to
build their houses on raised grounds, and
to take other precautionary measures.

18. The issue of systematic flood
vu_n;ning_a nilay Tho prove u‘:elul in
mitigating the evils caused floods
wouﬁ}l rquuim—v e - dse

(@) the inauguration and

ance of a hrﬁ number of rive;
gauges on the

important
river channels of North gal;
(b) a moderate increase in the

number o/ rainfall stations;

(¢) arrangements for telegraphi
communication of uge rgulic-
ngs and rainfall information

(d) systematic compilation and

analysis of flood records, gauge
readings, and rainfall data.

TABLE A.—NORMAL RAINFALL FOR JULY, AUGUST AND SEPTEMBER.

i Momhiy m raintall | e e
'S" Station District r:-'r-‘ T s i
No. + data Standard De-

S| s | A *r‘ i e
: 2 3 4 1 7 L] o L] 10
1 | Alipur Duars | Jalpaiguri 3 | 3200 220 | 2284 | 4100 £1-92 [ 1700 41-36 |20-90 5 172
2 | Atwari Dinajpur 15 | 23| 2082 1575 ;
3 | Balurghat. .. | Dinajpur 3 | 1318 | 11-85 | 10-3% | 3508 12| 10-11 o83 [so-ss 278
4 | Bilmaria .. | Boalia no| oaeer| as0| s 5 :

: 3’4""“1 .. | Dinajpur 20 | 17403 | 14-18 | 1203 [ 43-83  2.00 | 13-84  1-47 [81.58 366
€ | Boalia Boalia 52 10-81 | 1123 10-27 [ 3300 o004 | 990 o.668 [s0-28 2.7
7 | Bogra Bogra . 61 | 1306 1283 ( 11-20 [ 3752 006 | 1010 0-68 [27-16  1-04
8 | Buxa Jalpaiguri 62 | 50-36 | 4347 [ 31-04 [124-57 2-66 | 28-42 188 [22.851  1-81

9| Chanchal .. [ Maria . 44 | 1383 | 1238 [ 10-01 [ 3830 1-00 | 997 070|585 1-wm
1 Chauges Boalia .. | 42 = 16-20 | 7.47

11 | Coosh Behar | Cooch Behar | 80 | 24.11 2307 | 25:00 | 7680 254 [ 26-64 170 [3515 284
2 | Churamon .. | Dinajpur 42 | 13:87 | 13:00 | 1152 | 3008 134 [ 1287 0.4 [92-97 267

o & -. | Darjeeling 62 | 32:31 | 25-42| 19-60 | 7538  1-50 | 16-08 1-06 [21.33  1-48
T B e I O e o o, 21
;:. | Dinajpur | 82 | 1650 [ 1298 [ 11w (4008 10w 1200 0w fuas 2o
~+o | Cooclt® 43 [ 1907 | 1708 | 1040 | 6753 151 [ der2 107 19
- | ntpaigur t] il Bl BT RS TR o "
l ".;‘\&iu ,f;- §r : ‘! V'\ At R _:-‘ 2
n: _"u;\ ', o ”;»”, - )
B 5‘ ‘L:J o o g!i
R . e o SR e T LA :



—"':L'.o"..""" Figures fur three mantha,
Disteigt. N
I July, | Augue. | Seplemc “-n._=:' E‘: g
1 : 3 s . 7 v »
30| Salpaigert .. | Jaipaiguri 32| UTT| 2042 | T68351-55 | 10-8651-00 | 21-564 148
25 | Kalehini Jalpaiguri 35:36 | 3147 | 20-65( 8796 226 | 15:70 180 | 17.88 1.8e
26 | Kalizmpong Darjecling 2390 19-08 | 12:79 | 55:33 178 | 14-78 1-24 | 28-68 2.-39
27 | Khetial Bogra 10-16 818 | 804
l 28 | Kumargram | Jalpaiguri 43-20 | 30-99 | 25-54
19 | Kurigaon Rengpur 16:09 | 12:13 [ 1458 1:32 | 13-25 0-92 | 30-60 2.3¢
30 | Kurseong .. | Darjecling 4360 | 35-11 | 25.07 193 | 16-42 1-38 | 15-73 1.33
31 | Mahadevpur | Boalia o7 | 17| 106 21| 1171 086 | 32-85 2.61
l 32 | Malda - 52 10-97 | 1104 | 10:77 094 | 999 0.6 | 3002 1.98
33 | Manda .. | Boalia 35 | 1238 | 10-39 | 9-80 145 | 12:72 1-02 | 39-82 3.79
34 | Mathabhangs | Cooch Behar | 43 | 26.23 | 21-74 | 19-03 184 | 17-86 1-20 | 25.82 1-99
35 | Mickliganj .. | Cooch Behar | 43 | 24-04 | 22-20 | 18.01 175 | 17:01 1-23 | 26.29 2.03
36 | Mongpoo .. | Durjeeling 28 | 31-08 | 25-45| 17-98 217 | 17700 1-63 | 2201 217
87 | Nagrukata .. | Jalpaiguri 30 37-70 | 30-95 | 24-42 2:50 | 21-04 183 22:58 2.08
38 | Nator Bealia 62 1222 | 11-54 | 10-52 0-54 900 0-59 | 26-00 1.83
39 | Naugaon .. | Boalia 30 11-92 | 10-81 11-25 1-00 920 070 | 27-62 %-18
40 | Nawabganj | Dinajpur 18 | 1656 1576 | 11.75 297 | 1427 160 | 3316 411
41 [ Nawabganj |Malds ..'| .18 [ 10| 1.90| 7.90 167 989 1-11|31-98 3-94
42 | Nilphamari | Rangpur 4 | 1718 | 15-46 | 14-88 1-62 | 16:07 1-07 | 31-34 3-43
43 | Nithpur .. | Dinajpur 20 12-26 | 12:93 [ 11-09 145 ( 962 1:02 | 29-03 3-33
44 |'Nowkhilla .. | Bogra .. | 46 | 12.22| 1230 | 10-70 1406 [ 10-50 0-74 | 20-98 228
46 (Pabna .. | Pabna .. | 52 | 10-76| 1067 8-99 0-87 | 9-34 0-61 | 30-84 2-20
46 | Panchbibi .. | Boga .. [ 46 | 1270 | 12-00 | 11-26 140 [ 11:10 078 | 30-87 2-37
47 | Parbatipur .. | Dinajpur 20 | 16-33 | 14-10 | 1082 1-87 20:32.3-38
48 | Pedong .. | Darjeeling 28 | 2442 22.10 | 1407 1-08 13:89 1-27
49 | Pirganj .. | Raugpur 27 | 15:75 | 13-52 | 13-41 1-78 3208 3-18
50 | Raiganj .. | Dinajpur 4 | 1475 | 1398 | 1072 116 2036 2-23
81 | Ramgaoj .. | Dinajpur | 34 | 1581 | 1583 106 12 257 1-90
62 | Rangpur .. | Rangpur 61 | 16-20 | 12-83| 13.63 1-20 20-67 214
(Pabna .. |, 0
4 g— | 48
ade .. | 3
2 »

¢
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mary” of the seasonal
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RAINFALL AND VARIATION

IN NORTH BENGAL.

b&:bﬁdm in North

nge of weather to rainf. .

OF RAINFALL

Bengal, with special reference -

4 - Table 1—Monthly Nermal Raintall.
1]
Number of o B | ] 5 ° » 4 7 . '; P
January ae | 0637 | 0:48° | 40-33" | 0-27°| 028" | 040" | 0-w4"| o020 o | o
con| | Bm| con| com| Ren| cm| cam| cml| e
February | 09 0907 [ 071" | 008" | B | oar| o1 | 06| oner| o
Con | (om |, om| (1-00 | @88 | 10 aen | ooem| goen| com-
March 12741 193" 171" | 198" | 096 | 114 | o9 | 130 | oner| 120
e | 0| g | ase | aoan | o9m | aem | oo e | g ®
April . 399 872 48N 312 1-87" 2-383° 1. 2w 1w 300
(3:31) | (400 | (3-65) | (3-90) | (2-81) ‘.:1:; 297 | G | (2am | (em
May oof 0197 | 1w | agear | el 00 | 837 | ewer | veer | ensr| emme
(7-02) | (10:06) | (11-71) | (13-88) | (9-92) | (12-64) | @0-77) | (12-74) | (8-92) | (ho-amp
June o | 23407 | 27-00" | 27-60° [ 16-96" | 14-65" | 12.73" | 11-08" | 11-57" | w085 | 17990
(19-40) | (18-96) [ (22-90) | (21-20) | (20-30) | (1930 | (19-46) | (10-42) ’&- ae-7n
'Juy . oo | 31-34% | 34-08° | 24687 | 14-647 | 16:10° | }2.70° | 11-80" | 11207 ..-2‘ [
. | @8-98) | 23-80) | (20-20 | (1g-30) | (22-00) (1938} | (304 | 0-00) | 21 -0my ™
August .. | 26-30" u-'r 21-25" hﬂ-sr 14317 | 12-02° |- (0w | 1110 | 1200
2 (21-80) | ( J ~40) | (18-32) | (29-00) | (18-14) | (15-34) | (18- 40} | (20- 45y | (20- 78
September .| 17-88" m 13:04° | 100 | do-ne” | 930 | 5 ",J 57 | e
3 (u-m“'m) (36-04) | (18-42) 'uo-ou (16-36) | (17:34) | (13-76) | (16-22) | (15-89)
October o] 402 | a0 | se2| 432 ) 30| 49| 3| o | 3 P
ol (3-74) (ﬁbi' (4:00) | (5:00) | (4:85) | (6-49) | 8.3 | (707 | (5-27) | )
?ﬂ- | 087 o-‘; (02| 035 | 02| 052 | 0| 04| 0w o-w\’
. 66) | 3| )| (4| (9| | 8| (1| (M| e
Desamber | <, ..} 0w v‘; o | oo | oor| eur| e ow| 0w ow
> CBL I com| can | com | cm | camfecm| Cm| ce

P




tic features of .
Bengal during this period. i

Rainfall is scanty during Decem-
ber, January 1 February (less than
» per cent. of the total annual precipi-
tation), and is entirely c.u.ed by a suc-
cession of shallow depressions
pass eastwards from the north-west and
west.

During March, April and May there
1s a rapid inerease of temperature, accom-
panied by a continuous decrease of pres-
sure over North Tndia. which gradually
hecomes a low pressure area relative to
the Indian Ocean. The depression is
very slight at first but increases in inten-
sity with the advance of the season.
There is an in-rease in the indraught
from the Bav of Bengal, which gives the
‘haracteristic south winds of the hot
weather in Bengal. .

Swummer rain.—During day-time strong
hot winds continue to blow down the
Gangetic plain from the north-west: the
interaction between these hot dry winds
from the interior. and the damp sea-
winds from the south, supplemented in
North Bengal by the action of the hills
in giving rise to a vigorous forced ascent,
cause the characteristic thunderstorms
(or nor'westers, as they are more popu-
larly known) of the summer months.

These nor'westers, which often reach
great violence and intensity, are however
almost invariablv small in extent, and
the total rainfall due to them amounts
to no more than 15 per cent. of the annual
precipitation. Although important
agriculturally, the rainfall during these
months is thus much too small to be of
any effect in causing floods.

F "m.ﬁ. rxiu.—‘l':duxt four months,
une; July, August September com-
prise the period of the south-west mon-
soon in North - More than three-
fourths of the total annual rainfall (over

77 per cent.) is concentrated during these -

four months. For our present

Advance of the u::uh-tnt MORSGON. —
panying rapid i

temperature in the lu‘:d -:frz'u.(;‘.
pressure generally decreases, so that, by
the beginning of June the winter high-

Tessure area becomes replaced by a deep

W-pressure area (usually the
monsoon trough), extending in India from
Sind and

Western Rajputana to Bengal.
A steady indraught of moisture-laden
winds, from the oceanic area towards
this low-pressure area in India, consti-
tutes the south-westerly monsoon which
continue to rsist durin four
months June J:Septunher. o :
The monsoon current in the south of
the Bay of Bengal is from west-sputh-
west of south-west, and is at this stage
largely directed towards Burma and Ten-
asserim, and a considerable volume of
this current proceeds to that area and
crosses over the Tenasserim hills or passes
up the Irawadi valley. The remainin
portion advances up the Bay, and is
deflected westwards by the action of the
Aracan hills, with the result that, at the

-head of the Bay, the usual direction of

the monsoon winds is from south-west or
south. The advancing current crosses the
coast between Chittag and Puri, and
comes almost immediately under the in-
fluence of the Assam hills and the Eastern
Himalayas. That portion of the current
which passes into the narrow valley be-
tween the Assam and the Chittagong
hills, is forced upwards, and gives very
heavy rain to the south face of the Assam
hills. The remaining portion enters
Bengal and is deflected practically west-
wards, owing largely to the action of the
lofty barrier of the Himalayas.

This is a very effective rain distribut-
ing current. rI{ contributes, as I have
mentioned, the greater part of the ¥ain-
fall in Bengal, as it advances up the broad
flat river plains, the elevation of which
remains practically constant or increases
very slowly with distance from the sea.

Bay storms.—The front of an advanc-
ing current of the monsoon in the Bay
of Bengal is usually an ne\:.l" disturbed
weather, strong winds at in squalls.
A charatteriétic feature is the formation
of a cyclonic storm in the Bay of
Bengal, which advances lan

dwards
gire sl et
more

between north and west,
shed by the

i

general :_-uin.“ In 2
mo;il usually establish
tll":lllll of Juve, undyfor the next three

-



o
_or four months continues to ‘low as a
“deep horizontal current “of# air
across the Gangetic plain, with irgegular
movenfents. accompanying nmta:ursn
Breaks in the m —-The n
period is, : g one of continuons
rainfall in N Bengal. ‘More ur lese
general rain is received during

varying very considerably i , with
inte °3 fine weather

clogds. ing a break, a cyclonic storm
would often form in the Bay, and
advancing northwards give another burst
of heavy rain. The monsoon rainfall is
thus pulsatory in character, with burste
of general rain alternating with breaks.

partial or general, as the case may be.
The majority of the storms which form
in the Bay of Bengal during the monsoon
period are usually of slight or moderate
intensity, but are remarkable for the
very heavy rain which they distribute
along their paths. The pulsatory charac-
ter of the monsoon. caused by the spas-
modic advance of these storms from the
Bay, however, introdtices large local
variations in heavy rainfall. and thus
important part in causing

plays an
floods in North Bengal.

Transition stage.—Towards the end of
, September the
the dry season commences, but is usually
not completed until the middle or third
week of December. The area as well as
the frequency and intensity of rainfall
gradually decreases. The total ‘rainfall
in October and November amounts tc
only about 6 per cent. of the annual
precipitation and has little bearing on
the question of floods.

v

Normal Rainfall during July, August
and September.

The possibility of a”.Jood occurring
comes about only when the actual rain-
fall is in excess of the normal, so that
the ordinary drainage is unable to carry
away the excess amount of water. It is,
therefore, so much the actual rain-
fall but the excess above normal which is
of importance in our present investiga-

transition from the wet to’

13
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tion. A ul study of the rmal
rainfall i w“ti‘x‘s for our p::pose.

N | Rainfall Map.—Map No. 1
gives the normal raipfall in Nortl Rengal
for the threg ths July, A t_and
September'. normals gre on
records for r tions, [airly well distri-
buted over the area. The length of the

records is not very great; 11

50 years, 15 betw g; 40 lﬁfimﬂd) O'Y.:
Tetween 30 ‘and 40, and 12 between 20°
and 30, giving a total of 532 stations
with records of 20 years r more and
12 stations with records of less than
20 years. The reliability of the normals
(for recoyds extending over 20 vears or
more) may be taken to vary from 3 per

cent b per cent., depending on the
length of the records and the v?griahilily

of the normal. Probable errors of the
normal forseach station are given in
column (8), Table A.

The tri-monthly normal rainfall ie
fairly steady in the south and increases

-
slowly towards the north from a value of

rapidly to 507

about 30", to a value of 40", in a distahce
of 80 to 90 miles in the Gangetic plaim.
In the next thirty miles or so, in the
submontane district, it increases more
The normal rainfall
then begins to increase very rapidly,
under the influence of the Himalayas,
and attains a value of over 100" at Kur-
seong and Buxa, which are sitvated well
up in the hills. [t begins to fall off
again, also very rapidly. as the interior
of the hill is approached, and decreases
to about 60" at Pedong. The normal
rainfall also increases towards the east,
%inder the influence of the Garo hills
but not to the same extent as towarde
the north.

Aerial precipitation.—I have found it
convenient to divide North Bengal intc
several distinct flood-areas (see Sec-
tion TIT). I plotted these flood-divisions
together with the isohyetal lines (i.e..
lines of equal rainfall given in Map
No. 1 for the three months July,
August and September, on squ
paper, and by direct measurement
computed the total pnormal precipitation

1 the serinl

number of
ervor of
error

T

error is caloulated from the
in the total number of years

g

Ar.' and September.
-'-'.’5 ‘three -uha.o-h-‘(ﬂ
LA

V. the co-efficient of variation, exprossed
ot i ot "o

hﬁt even chance, that the true nermal

P = -6745a/
the normal is

column (2) the name of the
used

3) the adminis-

normal
in inches
inches

a per-
which,

the limits within
an 81:60° 4 1-927, where
lies between 8352 and

station ;

column (
in the Columns (5) to (7)

the

wormal. It
‘z—-ﬂh"—

q{lu-'-"ammmmlm




in each area’ 'The res are given
below in column (4), Table 2, in units of
million cubic feet. Column (5) of the
same table gives the average precipita-
tion in inches, obtained from the aerial
estimate, while column (6) gives the same
quanti‘y but derived from the figures for
individual stations.

Table 2—Aerial Precipitation (July,
August and September).

Mean rammiail.
Flond | No.of | Areas in | Hatnten e
e square
area. | U o i millton Aerial | Individual
cuble (eet | hmates. | stations.
1 b 3 ‘ 5 ]
A-l 5 006 166,551 -1 801"
A-2 4 1378 201,261 903" 909"
A3 3 (X 140,122 613" 044"
Bl ° 1618 535,130 637 840
2 2 1,045 AT.416 360 336"
B-3 o 2,381 176,985 25 320"
-1 13 a,480 233,243 a-e 380"
c-2 s 1,842 184,103 4R a5 5"
c-a 15 5,120 438,302 ana 303
Total .. 62 20,500 l 2,353,143 490" 45"

Accuracy of aerial estimates.—Accord-
ing to Sir John Benton', the number of
stations (N) required for reliable esti-
mates of rainfall over an area A (in
square miles) is given by N=1+ J/AJ/5.
For North Bengal, A =20,000 square
miles, and N is therefore about 30. The
actual number used in this report is 57,
and is thus quite adequate.

R E. Horton* has given the following

formula for the percen error of an
aerial estimate of rainfall :— .
a=-14 ‘TR

PUN

Where d= cent. error R=differ-
ence between the greatest and least rain-
fall amounts within the area, Pzapg‘m-
xima'e mean aerial rainfall, and N=
number of stations.

For North lbnsd, for the period
July, A and September, R=
(124 6" -272") =974 inches, and
P’ =50 inches, N=62. <

14

‘

_14-7 x 97
Thus d=22 >V 8o o per cent.

approximately.

Taking into consideration the errors
of estimating areas (about 2 per cent.)

the figures in the above tnb"ce may be
considered accurate to about 5 or 6 per
cent. The difference between columns
(4) nm‘l (5) is usually of this order or
less. Thus as a first approximation
we shall be justified in using the aver.
age of individual stations i(:)r finding

the mean aerial precipitation in North
Bengal.

The general character of the rainfall
during the flood months may, therefore
be summed up as follows. There is very
heavy rain along the outer regions and
foot-hills of the Himalayas. On reach-
ing the plains. the normal rainfall
decreases rapidly at first and then very
gradually. towards the south, until in
the extreme south the normal rainfall is
practically constant over a very large
area

Variability of the Rainfall.

-

The normal rainfall however does not
give any idea about the magnitude of the °
fluctuations which occur from vear to
vear. For this we want a different
quantity. namely. the variability of the
rainfall from vear to vear.

Arerage deriation.—The difference
between the actual rainfall at any station
in any particular year and the normal
rainfall for that station, will be called
the deviation (from normal) for that
particular year. These deviations will
sometimes be positive and sometimes
negative. But if we ignore the sign of
these deviations .and take their actual
magnitude for all available years, add
them up, and divide by the number of
vears. we get the ‘‘ average deviation.

is ‘“ average deviation "’ will obvious-
ly give a measure of the variability of
the rainfall.

Standard  deviation—For  certain
theoretical reasons, it is, howev.er;,‘motbr:

convenient to take the

deviations (thus automatically getting
rid of the difference in signs), and ex-
‘mbmwo{lbOlm

U. 5. A.), 1933, July, 348.

Bhose, .sc., and
e e within 3 por cent.
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compute a number the ** standar

devﬂian.”' This ** standard devia-
tion ’’ is, from the mathematical point
of view, a very convenient measure of
the variability of the normal. The
greater the ‘‘ standard deviation,” the
reater will be the variability of rain-
all.

Coefficient of variation.—The normal
rainfall, however, differs considerably
from place to place. For purposes or
comparison it is, therefore, more con-
venient to consider not the absolute vari-
ability (as measured by the standara
deviation), but the proPortlonal vari-
ability, obtained by dividing the *‘ stan-
dard deviation '’ by the ‘‘ normal rain-

fall.”” This quantity is called the *‘ co
efficient of variation.’’’
Variability for three months—July,

August a September—Map No. »
gives a plot of this relative variability
(coefficient of variation) of the normal
rainfall in the three months—July,
August and September—for each station
for which the data extend over 20 years
or more.

It will be noticed that within a con-
siderable area in the central districts,
and also in a certain area along the bank
of the Ganges in the extreme south, the
relative variability is approximately con-
stant, and is nearly 30 per cent. The
variability is more t{an 25 per cent. over
the greater part of North Bengal, while
the variability is of the order of 20 per
cent. within a small region in the hills.
It is interesting to note that although
rainfall is very heavy in the hills, the
relative variability is actually lower than
that in the central area.

Var:iabih'lg for other Periods.—1 have
calculated the variability for a number

Table 3—Observed Variabilities for
different Periods.

Flood
Areas
Tday. | 2 dayn 7 dayw, | 02 days.
Al sl nen 28 s34 | =2
A2 . Hos 110°0 | 11820 | 101 20 Lt} 218
A3 1581 1450 813 e
B | s | resee saes| g7
B2 . 182 1353 a2 =me
B3 v 1518 1303 769 -4
C-1 e 1717 1478 LI 285
c2 199 1588 LR 08
c-3 : 1738 1379 720 a5 0 303
W haole
s . 1651 1348 s 2758
Annual variability.— The coefficient

of variation for one year has not been
directly calculated, but has been derived
as explained below from the coefficient
of variation for a quarter (July,
August and September).

Let m;,, m, ,, m,; s, s, s, and
V=100 8;/m,, V, =100 s, _,/m,_,,
V=100 s,/m,, be the mean, the 8. D,

and the co-efficient of variation for one
quarter, for (k —1) quarters, and “k”

quarters respectively. For one year
k=4.

We now make one assumption,
namely, that the rainfall in the

quarter July, August and September
is not correlated with the rainfall in the
remaining portion of the year. The
correlation 1n any case is small, and
large errors cannot be introduced by
treating it as zero. If in addition we
substitute average values in the variance

of other periods, for 38 stations for Iy ahown. that .
which records of 30 years or more were m. .+m (1-1)
available. I do not p to discuss e R e

here the results in detail, but I am giv- = 8% e (1-2
ing below the average values for the

different flood-areas. , Vi i=Vi/(k—1) ccccees (1-3)

(*) The formula for ** », " the dard deviation, is si

ple and can be expressed as follows :—

Lot M be the

infall at any stati

Let my, mg, mg, ...... be actual rainfall in individual years. Then

deviations are M —m,=d;, M —mg, ~ds, ete, If the total number of ysars for which records are
m.a“."uwum“&'.&'n).ﬁ-

N. a%mdy 4 dy 4l ...

i nha——z define V where *“ & " in the standard deviation,
’ :’w—m“h#h‘n*u—bhmd.m

the constant I

and M is the Mean. M. iplica-

" h-v-I-lu-—hwhﬁhmd-_”ul,h-‘ﬁ-*ﬁ""”“.'w“m

soparate seta.
.



Now wtlthgu.az.n.-_—':c.-n._.[(a- 1)
and-dividing (1-1) by m%,

o B

For North Bengal, V,=27-58, c=
87°57/5074"=1"7206, and K=4, we
therefore get from equation (z), the
coefficient of variation for | year as
1712 per cent

For periods lower than a quarter, the
assumption made above is not strictly
justified, as the rainfall correlation
between successive periods do not vanish
and equation (2) cannot be used as it
stands. I have therefore, used the ** in-
tra-class correlation '’ to - measure the
deviations from this equation. If R, is
the ** intra-class correlation '™ for rain-
fall on R successive periods (in this case,
K days). then".

\'f.—_-il:'{ G(k--n)R.}....(s-n.

This equation reduces to (2) when R,
=0 since C (for dail_i: ieriods) then be-
comes equal to K. aking North Ben-
gal as a whole, and using the value of
V. given in Table 3. 1 derived the
intra-class  correlations R,  given
column (2), Table 4, with the help of
equation (2-14. These correlations were
also computed directly for each indivi-
dual station for the period 1st to 7th
August.  Average values of such direct-
Iy observed correlation R’ for each area
are given in column (3), Table 4. -

I further found that the computed
correlations in column (2) could be grad-
uated  fairly  well by the following
formula:—

R,:u-5;8k"=(0_"{£6)'=(0'67l4k)"

e (3)

where R, is the intra-class correlation
for K" successive days.

- tively.

i
Graduated values of R” obtained from
m i’) are given in eolumn (4)
Using Fisher's

Mnsnely transformation®,

Z=} loge {._‘- +§"_;R‘LR

i s*=k/2(k—1) (N —2)

wheres is the 8. D.of Z, and N is the
total number of years’' record used. I
have calculated values of Z, 7’ (corres-
ponding to R and R') and s given in
columns (5) and (6) and (8), respec-

Table 4—Intra-class Correlations.

1 I 2 l a } L | s I L ‘ 7 s
foa | R, | w
(K). " (K) | RT(K .
ety ) Z z ZZ LS
2 0-3293 | 0-2135 | 03324 | 0-3420 | -2168 1262 | -0s20
3 021390 | 0-1919 | 0-2450 | 0 2075 2004 -0281 0274
5 01907 | 0-1602 | 01670 | O-3502 3349 | (0643 | 02564
T 0 1361 | 0 1040 | 01298 | 0 1858 1487 -0a71 <0242
.2 o072 .. ‘O1ns .

The differences between "Z and Z'
given in golumn (7) compared to the
S. D. given in column (8) are thus not
significant (except perhaps in the case
of the two days period) and the use of
equation (2-1) 1s justihed. The agree-
ment between R and R” is also quite
satisfactory. We may, therefore, use
equation (3) for deriving Ry for
different periods, and then use equation
(2-1) for determining the corresponding
variabilities.

obtain the following table for
average Ry and average variability Vi
(for North | as a whole), for
different periods. Observed values,
where available, are given in column (4)
for comparison. It will be noticed that
the agreement between computed and
observed values is excellent.

Usi uations (3) and (2-1) succes-
aivel;'mf i

(*) J. A. Harria, Biometrika, IX, 1913, 446-450. 1t can be casily shown "hat RX measures (he average &

for an interval of (K41

3. days.
(1] Srimiting e v e

e A Wiar (Losdon, 1088), p. 108,
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; of tariation to be 12-41 per cent,
gl tiom | Jal-d o the la dlﬂo.rlem::rh!’m
- ‘1258 areus concerned, our value of 1728
L O [ Dadel. per cent. for North Bengal alone is quite
2 g Ry, L o i e Foe. cmvenience of comparison I re-
2 033 2 134-70 134-63 roduce below relevant = portions of
s | .26 s0 116-40 113-94 Slm.fqrd s Table given on p. 129 of his
5 16 10 95-36 98-03 Memoir. T have added in column (
. the coefficient of variation obtai
s ‘14 o8 i from the average variation® by multiply-
‘v 12 98 83-22 84-11 mgbge lnt.t.gr by the constant factor
4 a1 T 50-49 & .
’ il i Table 6—Annual Variabilities from
10 Lo S Blanford.
12 08 86 66-96
18 .08 39 56-21 3 2 s s | s | @
24 06 15 40-80 4 ¥ e et :_.T'l:_‘ Yok NI-T:" Average qg;
L 04 09 48-75 " per cent.|variation.
20 .04 36 45-36 407710 1. Punjab Pialns 20 20 | 215 13 | 163
a e RS P 2 !u:dh'.“ 30-41 20 871" 23 259
60 .02 59 33-88 3. Behar | sas 2 | 4 18 | e
4. Lower Bengal 11-29 20 o6 7 10 125
L 02 56 5:84 5. Rajputana 419 20 | 279 13| 183
62 -02 53 33-43 8. ('?uul:uah- 821 20 a“n-s 15 18°8
02 -01 88 2821 REBE 7. Western Bengal| 4-10 1 | e 7| o8
s. A::;.‘: 717 20 952" 5 63
1yr. 0 I 17-12 he 9. Orima and | 10-16 20 | a8 12 | 11
N =
Variability of Rainfall in other Pro- ' “7% [l Gk S S g B
"m “ '*-—In s Tb Rainfall of 11. Khandesh and 7-11 20 47 20 251
India ”’ (Indian ©~  Meteorological o s b ol el D
Memoirs, Volume III, 1888) H. F. ' ®™=™ |~ W Rl 2
Blanford has compared the mean vari- ' "ot O W
ability (derived from the average devia- ' "' |0 1 B DO
tion, and not the standard deviation) of ' ™ Bl o e arl ol
different r;;:hll provinces t:-fi"lm'i‘i:é" g e e e ot S
based on about 20 years’ records: T Kt
nearest division was Lower Bengal, 1. Maisbar arda| o8 2 |usor | x| 151
hich, how red ch oo
pe 'tlnn"er’ w'Nuoﬂh. Be : 19. Camatic .. | 27-40 20 n-z 15 188
" inchided B sasine FoE % e o B el o Y e
all - the l.(Mem”.,’ B )I "mm‘m 21 Pesu iy Y 1| | - ::
cnasse ke 2o s
province of , out of which only =TTl T
seven wionam to North Bu:f- comparison). I I S,
mean variability o = - 2 3 302
El'!r is given ds 10 et It will be noticed that the "."’"‘b‘l"'i
(Mem.., p. 129). , The i of of the annual precipitation in Nort
vari ( is based on the S. D is not excessive in comparison

and not on the average deviation) will  with the other provinces of

A

Sotniont ; 40-77 with 8. D.

13) The mean —w-nu.:n—um.—mqﬂv- found to bo 40°F e 5T
-"k The stations t‘ Table 5 is 45-05. The from the value

which is not o ﬁ!“g&'ﬂ. ldl-“(ﬂh—muumtwm*u
(1*) On the assumption of a normal distribution. 4




Variability of Rainfall in eother
Countries.—For British TIsles® as a
whole, the annual variation (based on
54 years of records) is 11 per cent., and
is thus nearly 50 per cent. less than the
annual variation of North Bengal.

For England East. T find by direct
computation from the data given in
R. A. Hooker's paper on ** The Weather
and Crops in Eastern England, 1885—
1921 "'* that the average variability for
eight weeks is 36-15. for one quarter
279 and for 40 weeks 13-25.

In central and Western Europe* the
average departure has been_stated to be
13 per cent. of the annual precipitation,
that is, to have a coefficient of variation
of 16-3, which is slightly less than North
Bengal.

In Qalifornia”, the average annual
variation is 25-7 per cent., which is
considerably higher than North Bengal.

Probability of Excessive Rainfall.

Using the variabilities given in the
Table 5. it is a simple matter to calcu-
late. with the help of a table of the
Probability Integral®. the probability
of any given excess occurring in any
given period.

I give below a short table of such
probabilities for a few selected values
of percentage excess”. The S. D. for
each period is given within brackets at
the head of each column.

Table 7—Probability of given excess.
(Number of occasions in 100 years.)

18

Frequency of very heavy rain.—The
probability of very large excesses can-
not, however, be accurately ohtained from
the above table, which is based on the
normal distribution. The distribution
of total rainfall (in a given period) is
asymmetric, and shows greater fre-
quencies -for heavy excess. I have
caleulated the frequency-constants (up
to B, and B,) for 38 stations for the tri-
monthly period, but as they have not
vet been checked, T refrain from repro-
ducing (or using) them here.

We can, however, 1ok at the guestion
from a slightly different point of view.
Very high excesses are controlled by a
comparatively small number of excep-
tionally heavy falls of 3 inches more in
a day, and the frequency distribution
of such heavy falls would give us sohme
idea about the probability of very large
excesses occurring in any particular
place. The frequency of heavy rain in
India has been given in the Memoirs of
the Indian Meteorological Department
Volume XXIII, Part VIII. 1923. T
have prepared my summary Table 8 from
the data given in this Memoir.

The information given m the original
Memoir is based on observations record-
ed during the period of 30 years extend-
ing from 1891 to 1920. The period of

AT P P P record, however, varies from station to
Pl o4 m-mz'n.u-mf:;.‘nﬁiu(z-mf, (2.97%6,. station, and the frequency number for
e T ; different stations are not comparable
- | 5365-6° ot e with one another, without an allowance
| s Toss | '25a being made for the number of years of
:g %: 7:?:. :: observation from which th.o. data have
20 | 1378.2 o 44 (o been extracted. To facilitate com-
0| e . parison, T have, therefore, expressed all
wn |0 figures as frequencies in 100 years, and
s et have taken the average for each area.
(9 &3 Mew. s, Apeii, 115138,
(1%) Hann. = Nietcrologior” 1915, 110113, M. W. R.. U 5. 1036 ARl 108V ooy aprit
‘P;'t'm mhwﬂ‘“:mlwmh in New York to per cont.
- "7’-"’"1.'-'-"?:."5 w. 5., 1919, , 831). s
l'gl.i-mthud "-mmmwdm‘:‘d’-";m. g g
For example for seven cu-rzl“’-;.t..ﬁ-pi:ilo’ho 175 weeta in 100 -
rmwﬂﬁtuﬂmﬂm. a8 the number of ocoasions op which the
likely 10 excond 100 per cont. yours.
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Table 8—Meari Frequency of Heavy Rain. (Number of occasions in 100
& years for each station).
: ara. A " B
lL A | AS B B2 B-3 c1 ce c3 Whale area.
Number of stations L & 3 L] 4 4 " . n Obwerved.!| Computed.
Daily raintall 05000 | 0-osis | 00062 | 00023 | 0-3015 | 03480 | 04470 | 05230 | 0-3920 | 0 5us0
Dally 8. D, 1418 | 1010 | 1009 1102 [0eus |osss 0730 |0wes |0ses | o0mear
o 2238 | o872 (2083 |e00-4 | 1008 | 1048 | 1017 | 2407 | a7e s 2621 053
s 1981 (3315 | wsaen |e2es | 482 | a5 | w1 | 11es | een 1233 1098
w6 763 [123 [1083 |1405 | 2090 | smo | 270 | 845 | 20 o5
o PrY 014 277 a1 a2 208 132 819 140 338
ki 213 o4 172 321 LR 7 se 156 110 1n6
50 153 205 72 12 33 on 24 5w a0 a3 Less
e 56 25 4“4 51 33 24 24 03 51 'T:F.Il“
- ie 13 3 52 o8 | 10 35 15 28 [
a2 3z 53 20 3% oT o B2 | ! 15
12 13 13 - 18 o8 o2 12 | 0z 11
197147 & 04 03 | ! {
14187 e xe 04 o8 . y L e l |
15716 wn 11 0z 03 ~ 11 ’
16717 oe . . !
17N . o3 | ' ’
107207 0e ‘ !
24°-25° 04 ' ' 2
The last column gives the theoretical This is important, as it indicates

frequencies. It will be noticed that the
frequencies
numerous than those
bability integral (which is based on the
normal distribution). For example, for
the whoie area, a fall of 3 inches given
an excess of 2-46" (with a daily mean
of 0-54"), which divided by the S.D. =
0-893", gives a deviation of 2-755.
From a table of probability integral, I
find that the probability for falls of 3"
or more is -0020350. The probability
of falls of 4" or more is -0000533.
Thus, the Probability for falls between
3" and 4" is -0028817. Multiplying
this by 365 x 100, we get 105 as the
theoretical frequency in 100 years.
Similarly, the computed frequency for
falls between 4” and 5" is 198, and
beyond 5"

are far more
iven by the pro-

. only 000036, which is
practically zero.
We conclude, therefore, that the

likelihood of very heavy falls occurrin

-in North Bengal is actually muc
greater than that given by the simple
theory of normal probability.

that, although the average variability as
measured by the coefficient or variation
is mnot exceptionally high in North
Bengal, the actual chance of floods being
caused by very heavy rains is really
great.

Fluctuations from place to place.

Rainfall in North Bengal shows great
fluctuations in a totally different sense.
During the same period, or even on the
same day, certain stations may get
heavy falls while other stations in the
neighbourhood have very little. Even
when heavy general rainfall occurs over
a particular area, the actual site of the
heaviest precipitation -fluctuate very
irregularly, and it is a matter of great |
uncertainty where the q-xxeletlunal!y
heavy rains would actually fall®. This

tcl?nv or fluctuating character of very
‘::Avy rainfall is a feature which one
would ex from the nature of the
causes which bring about such precip:-
tation. As I have already mentioned,

(*°) For example, in the week -‘ﬂ"d’m Beptember

Plrpn.'hﬂol.-rnj wituated about l-mmhmm-)hd
Tanor 20617, luor‘ 27-75" mb”wnﬂumﬂhdmﬂ"-m
i3

pocuvdp from the ahove stations) had
AT, The Distribution
m‘ . an area of 60 square miles in Now

of Rainfall Over Restricted Areas
witunted within Orloans,
0-565° in one single month, giving & range of fluctuation of 47 per cent. of

rain foll at Balurghat, and 27-20° at
only 870" During the same week,
of about 16 and 25 miles, rea-

oM. W.R,U.S. 1981, July, 401) found that
La., (U B A.), showed m:r'L varying from
mean of the seven gauges.

1922, 49-958" of

-



heaviest precipitations ate usually
lt)hr:ught about by cyclonic storms coming
up from the Bay. Not only do- the
tracks of these storms vary very con-
siderably, but the actual region of
heaviest precipitation alng any parti-
cular track also varies largely.

These fluctuations in heavy falls are
however, random in character, so that
o particular region is more favourably
situated than others for such heavy
falls, This is borne out by the fact
that both the maps for normal rainfall
and for variability show perfectly con-
tinuous gradation, and do not reveal the
existence of - regions especially suscep-
tible to heavy falls

%

Changes of Normal Rainfall,
Without  entering into 3 detai
examination of the question, 1 may
mention here that the available data,
ot indicate any permanent increase (or
decrease) of normal rainfall in Nosth
Bengal. There is no definite evidence
of such changes having occurred iy
recent }'ears in other parts of the world
also. In fact it is now generally
recognised that changes brougﬁ about
by human agencies have practically no
effect on the normal rainfall of a
country. For example, increase of
cultivation, or increase of drainage®
have been definitely shown to have no
appreciable effect®.

(") J. Warren Smith, " Cultivation does not Increase the Rainfall " (M. W, R, U. S, 1919, Dec,, 858),

(") B V., Willard, “ Rainfall and Drainage Operation "~(M. W, R, ", 8., 1924, Sept,, 419) ‘
(") Bir Gilbert T, Walker's memir " On the meteologiel evidenco for supposed changes of climate in India
(Ind. Met, Mem, Vol. XX1, Part 1, 1910) gives  general discussion of the question.



SECTION 111.—THE FLOOD AREAS
OF NORTH BENGAL.

/- North Bengal may be conveniently
divided into three distinct natural divi-
sions with three subdivisions' in each : —

(A)— Hiily districts and submontane
country including

(1) hilly district of Darjee-
ling,

(2) submontane country run-
ning parallel to the foot-
hills of the Himalayas,

(3) south-easterly projection
on the west bank of the
Tista. in district Jalpai-
guri.

(B)Y—The #at rinarian tracts drain
ed bv the three great rivers of
North Bengal comprising—

(1) the north-eastern basin of
the Tista,

(2) the low-lving country on
the right (west) bank of the
Brahmaputra,

(3) the spill area on the left
(north) bank of the Ganges.

(C)y—The country in the interior
consisting of-
(1) and (2) uplifted plains in
the mnorth-west and the
north, and

(3) the central low-lving area

covered with marshy
depressions.
v
(A)—Hilly districts and submontane
country.

In the north of the area lie the foot-
hills (which rise abruptly to a height of
aver 10,000 feet above sea-level) and the
deep valleys of the Lower Himalayas.
These spurs and valleys are heavily
forested and mountain ~torrents rush
down on every side.

Next comes a tract of
country consisting of the low- be
of the Terai and %he Donar: s:,yi ight :
of 300 feet above sea-level, and running
from west to east along the foot of the
Himalayas in the district offDarjeeling.
Jalpaiguri and Cooch Behar. This tract
18 traversed by numerous rivers rushing
down from the hills, and was formerly
covered by dense jungles’, hut has heen

now extensively cleared for ordinary
cultivation and tea gardens? .
The Tista drains Sikkim, eastern

portions of the Darjeeling district. and
also the central submontane area A
number of mountain streams (e.a., the
great and the little Rangit, Ghish
’I)hurln. Jaldhaka, Daina, Duduva,
Forsa. Dima, Raidhak. etc) suddenly
debouch from the hills and bring down
a considerable volume of water in the
submontane area., and ultimately flow
into the Tista or the Brahmaputra

Drainage.—We have seen that normal
rainfall is high in the hilly districts and
in the submontane countrv. Owing te
the mountainous character of  the
good drainage ofiered by a large number
of hill streams and broad rivers. water
however. flows away quickly

Flood areas.—This area may be divid
ed into three flood divisions —(A-1)
comprising the hilly districts: (A-2) the
submontane country 'running from west
to east along the foothills of the Hima
layas: and (A-3) the raised plain on the
right (west) bank of the Tista

The following table gives a hst of
floods in area (A-1) graded according
to their intensity':—

Table 9—Flood List for Area (A-1).

T
Mstrict |
Y oar I Month, [ .'":_'"1‘ ‘ Nature Map No
- L — . ey -
INN8 | September Darjecling |r: muoderate \ 14
Noo August " e N
:n-:.‘ JuI; g F (B)—veary s 1, 2
vere
1898 | September ’ i | 1) moderate y 33
(a) catas 1 (T
4 y X ! Phi
1006 August aud - () m‘-l--u'-; 13, 34, 00
Reptew- e,
ber !
R [ SR e

B

(') Bhown in Map No. 2. The area (13-4) shown in the map was tina 'y incorporated with arca (B-3), (after the maps

had d'-d‘ been printesd), .
(T, .:r‘;m». ** A note on the Terai Forest, ete.” :

reat.J. A8 B, 1916, 267,

() Burkill : * The little variety in the woody vmion over these wide tracts is
whereby the forest was yed

MR A W R

“ The natural vegetation of the Torai be

remofe date, y
A NLate ax we see ot the present time on the great

tween the Gandok

evidence of periodic and sever:
first to & savannah, and then to what remains now,

2 towards Nagrakata
‘l':vr:l‘.l;lmk g |':'l:::l‘"l s ;:n—‘ between forest
v

* Inthe

process noarly all

oigh . h w
e i SR S e s s B Brn (Pt e o s the lasdacnpe &l of 1. 100

formerly tree growth burned off, and although find
"‘W | ma m-h::hm@;h o
ol — n woction 1, paragraph 5, page 2,

(@) Catastrophic : involving considerable direct loss of h

:,: life 3 Edoratits labs

r' wmall loss un-nlit-;nlwgm;: destruction of cro
. ‘ of b of crops and of cattle
,“z%bolmp“olw‘bh‘no.;nﬂlo-olhnm.nm-.

() Shight =sligh ‘“'WW&mnbmmhnlu&muhwm

soomnt, . A SR, 1916, 271-8i L.
have been classified in aocordance wi

ps and cattle.

th the following
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In the hilly districts small landslipe
rausing <light or moderate damage to
and bridges. occur almost every

not been taken into consideration in

compiling the flood list given above.

More extensive landslips and greater

‘ to roads, bridges and houses are
A by moderate or heavy rainfall
continuing for a long period, which does
mischief by gradual loosening of the soil,
rather than by sudden ‘looding For
example, in 1856, unmtualll_v l{wavy raix‘n‘

‘ell thi out June, July, August an
.'\'epu-ml:?.hund caused ueriuusﬂ:dulim
and considerable to roads and
bridges. In 1890, heavy rain fell during
practically the whole of July, and in
1=~ throughout September, and caused
sreat damage to hill roads, and inter
rupted communications for a long time
In all these cases the rainfall was dis
tributed over a ling period. and the
damage done was general and more or
| ;_'rillllllll

Mare severe and  occasionally catas-
trophiu Boeds (¢ ¢ in September, 1899)
wre also sometimes caused by very heavy
rainfall ceenrring within a short ]u-rinrl
In 1592 exceptionally heavy rain fell
in the first week of Julv (the excess for
that week being over 150 per cent in
certaiy places) which led to a torrential
flood, and did considerable damage te
roads, bridges and hounses  In 1899
althe keavy rain had fallen for many
duvs in September, the great disaster
was directly caused by the exceptionally
lwavy falls on the 23rd. 24th and the
25th September. which were given bv a
cvelonie storm from the Bay At Dar
jeeling 1940
sngle day (25th) and the excess for three
davs amounted to from R00 per cent
1 500 per cent. (R to 15 times the norma!
rainfall)  The water rushed down in

arents and caused disastrous landships
vith considerable destruction of life and
property In 1906, another flooud of the
warne 1y pe wis caused in the first week of
Vugust, by exceptionally heavy precipi
tation given by storms from the Bay .

We thus see that floods 1o this area are
ivariably cansed by heavy local rainfall
I'hey are either due to continued rninfn::
o period (¢.0. 1556 1500 an
I ) t::-.g» sudden and torrential rain
cocurring within a short time (v.g., 1892
=9 and 1906)

o b folbawing moughly 1
The Fista

(A-2).

of rain fell in a .

Year. | Mumth, e ] 1 Nature Map No.
188 | September | Jotpatenrt .. | (&) —atigne | 10,
e | iy e S 0}-'-"-.-» 1,18
1ew . Jatpaiguri Br—swvere | 120, 108
1908 and " o= .
. FCE
Drainage. The general slope in the

strip of submontane count
parallel to the foot-hills of the Kl-lll-mm
yas, is from north to south, and is fairly
good, and the drainage of the country,
which is traversed by numerous streams
running down from the hills, is also
generally satisfactory

Floods—Heavy rainfall in the hills
would ordinarily cause a certain amount
of damage in the submontane area (e.g.,
in Sepeember 1886 and 1898) : but would
not give rise to serious floods unless
accompanied by heavy local rainfall.
For example, in September 1899, the
unprecedented rainfall in the hills did
not cause any serious dam in the Jal
paiguri district, evidently because local
rainfall in Jalpaiguri itself was not
excessive  Severe ﬂﬂx may also oceur
without heavy rainfall in the hills, us in
1902 when great damage was done by
the overflowing of the Tista caused by
excessive local rainfall

Heavy local rainfall, if continued for
any length of time, mayv by itself. give
rise to general flooding. as in the vear
1590 ‘he situation would be further
aggravated if. owing to heavy falls in
the hills, the rivers also rise high. as o
1292, or actually overdow their banks as
n oG

Owing to the good drainage offered by
the general slope of the country foods
in this area are, however. quickly drained
away . and are usually of short duration

Table 11 Flood List for Area (A-3).

!

N ooar I oath ! :::"."J Naturr Map Noo
1892 Ty Jalpmignr: |1h vty | 11, 12
| - S gt ctm by : (e)  menderale 1, 182
) . | (A} - severs 124 124

| |

gt ._.{ ) pextreme 13 14 18,

U Aln*“-‘ ' ‘(M -“| 'll bl 16

1

I;rr::n-l:,;;.~ -This area 1s rrm-timll’
a south easterly projection of the sub.
montane country

CIE e bt s Ul nerth by this subamontane country ; on the west by the dutnct “‘"'lg' . om the south by
Al foet contour aned by Uhe water shed separating the Ghaghat from

Twwta ; on the cast

p———



Floods.—Floods are of rare occurrence
but when they occur t.bedy are usually
severe in character and are almost
invariably caused by cyclonic downpours
as in«July 1892, September "1902 and
August 1906. In all these years, heavy
rain had fallen in the hills and in the
submontane country, and water from the
north swelled the rivers considerably,
and thus aggravated the sitnation. In
1906 the Tista actually overflowed.

Heavy rain in area (A-1—hilly dis-
tricts) or in area (A-2-—submontane
country) cannot, however. hy itself pro
duce a flood in area (A-3), as may be
easily gathered from the rainfall ana-
ivses for 1870, 1274, 189R, 1899 1910,
1915 and 1918, years in which heavy rain
had fallen in the north. but had not
caused any flooding in (A-3)

The Tista acts as a very effective
barrier and completely isolates area
(A-3) from area (B-1): so that (unless
the Tista itself overflows its westgrn
hanks). floods cannot be caused in (A-3),
by any amount of heavy rain falling tc
the east of the Tista'

In 18462 and 1906 the level of the
Brahimaputra rose exceptionally high
(over 24 feet at the Gauhati gauge in
1292, and generally over 27 feet in
\ugust 1906) This naturally ham-
pered drainage and added to the severity
of the floods A high level of the
Brahmaputra, by itself, cannot however
cause a flood in (A-3)

It would thus appear that severe floods
i area (A-3) can be brought about only

(%) The rver channels in this peet of the country have change
gew, and was also o

voticed o river Sanatkotta, which he descri “ an a braneh of the Teosta, «
“Journals of Ma

vears. The Tista used to flow into the
we are inferined runs into the Coretya roye).
Latouehe ; Memeoir, Aviat . Bengal, Vol, 111, 1910,
(7 Reunall ( Mem., p. 1766) described
hacos, ' We el
mtle of the T

d then
we orossed el "

 the conjunction of heavy local rain.
L0 heavy. vainfall in the north. and

high river level. while the factors occur-
ring singly ‘may remain ‘inefiective,
-

Area (B-1)—North-eastern Plain.

Drainage—East of the Tista lies the
flat river plain of the western Dooars,
Cooch Behar and  Rungpur. It is
drained by numerous rivers and hill-
streams, by the Dharla®, the Tista, the
Brahmapuntra, and their tributaries.

Owing to the flatness of the coumtry
(the average slope of the ground is about
100 feewin a distance of 90 or 100 miles
and is considerably less towards the ex- 4
treme south-east), drainage is not satis-
factory  The tributaries of the Tista
bring down a considerable amount of sand
and debris from the hills which is contin-
nally raising the beds of the rivers, and
is gradually making their current slug-
wish, .

Table 12 ~Flood List for Area (B-1).

! |
Year. |  Month :FAI | Nature ! Map No
e
2 -2 A | - SER
1800 | Avgost Phooars (*) —mwsderate |
1802 | July Dooars “sed | () —severs .. | TE0ES
Rungpur ! ‘

1902 [ August ' Cooch Behar @) slight 12.3, 12-4
1906 | Ausnst und | £ iy 13, 14, 15,

Septom- | ven !

ber | | |
1910 | July ! T | ()—mndesate | 17, 18
1915 ! August Dhexars () slight 19, 20

|
|

Severe floods have been caused almost
always by cvelonic downpours oceurring
at the end of a period of excessive gene-
ral rain. For example, heavy falls dur-
ing the first week of July 1892, at the end

1 vory considerably during the course of the last 150
woted with the Karatoya. In 1765 Major Rennell
o out of that river sbove Allygunge, and
James Rennecll ' edited by T. H. De-

the country as * fine and well-cultivated " with wheat, sugarcane and to-
about 3§ miles along the west bank of the Toesta and then struck off to the NW, and withan a
the Curume or Ponjah River which m deep and rapid.
deop and rapid river which joins the Corto and Curame some milgs to the southward

Four miles NWEN from bhence

0 " "
and all fall into the Teesta.” The * Curume " was probably an old channel of the Tista, and the “Corto s a corruption

of the name Karntoys. Further west he met threo small rivers Corto, S8oan and Doank (modern Dank)
s more than 90 vards broad or more than 2 foot deep at this time  (February, 1766, p. 60),
I o diversion of the Tista in 1787, there was, however, no am;ih isolation. o
nell found that the Tista, Gaghat, ) Punarbh interconnected. -

branch of the -] wnd -l har.l: :"l‘)‘.'v::no(t.;ﬂ::r:d::‘:l‘k: E;(E from Rangpur, crossed Allykury Creek,

(*) Bofore t|

Crook (a

which is another branch : the Teesta and about 2 feet

hoats of 150 the month of January, . . . and
114 source in the kingdom of Boutan (modern Bhutan).”
s source in the Boutan, in the wet hins n

wh at this time (November, 17635).

e le country appeam to be very well watored, everywhers intersocted by small creeks .. .

Crook (IMM comes within three quarters of a mile of the west ‘:n of town (Runu\-ur] % Wean 8
“ + o bmowaid to e

A Tittle later, Ronnell mentions that the Dharla has I

* neither of them

In fact in 1765.66, Major Ren-
After crosmng the Manash

The G t
s navigable for
# branch of the Purnabubah river which has

with the Purmabubah (Mem., 34 - 83).

(*) It is bounded on
on the south and the west

(4% In 1765 Rennell ¢
round for hoats of 2,000 maunds between Gur:
Hennell (writing in Decomber-January 1765-66
to be seven miles por hour.

the Tista.

ribed the Dharla as from 350 yards to a quarter of a mile broad
(Kurigram) and the conflux with the
the current *‘ excesst

north by the submentane country on the sast by the Goalpara district and the Brahmaputra 3

and navigable all the year
Brahmaputrs  Mem., 35).
vely rapid,” and estimated the average flow



of a very exc of
100 per e = " { 'y
falls on the 26th and 27th r

14102 (general excess of 100 per cent. for
the w‘mle month); ayclonic falls during
the first week of August 1906 (general
excess of from 50 to 100 per cent. in July
and from 100 per cent. to 200 per cent.
from 27th July to 20th Augus., caused
very severe floods. which washea away
ronds and bridges, and made extewnvive
lireaches in embankments and railw.y

lines.

Heavy precipitation within a short
perind (for example, that occurring in
the second week of August 1915Y). if not
accompanied by a general excess, will
not ordinarily give rise to severe floods.
\ long continued general excess of rain-
fall (amounting to from 50 per cent. to
100 per cent. in three or four weeks).
cven if not accompanied by cyelonic
downpours. may, on the other hand. give
rise to shight or moderate floods. especi-
ally if the level of the Brahmaputra is
high. This happened in Aungust 1590,
when the level of the Brahmaputra rose
abnormally high (the reading at the
Gauhati gauge exceeded 27 feet on the

Sth Aungust), and again in  July 1910
(Gaunhati gauge 24-4 feet on the 12th

July. rising to 302 feet on the 31st). or
in 1915 (Gauhati gauge from 26 to 29
feet)

In fact. in this area. the level of the
Brahmaputra is a factor of very great
importance.  With a low level of this
river, even a considerable excess of local
rainfall in September 1598 and 1899 did
not give rise to floods.  On the other hand
o high level of the Brahmaputra added
to the severity of the floods in 1892, in

1902, and
Gauhati :

lon, cans the duration of the
slight or moderate floods of 1890, 1910,
1915 and 1918, by hampering quick drain-
ing away of the water.

Ao rose t 32 feet) and T
rose ) .
|£nhly o of g

Heavy precipitation in the hills and in
the submontane country can affect area
(B-1) in twe ways: by a direct onrush of
water, or indirectly, {)y a swelling of the
T.sta and other hill streams leading to
toeir overflow. The Dharla in 1892, the
Tista in 1902, both the Tista and the
Dharla in 1906, and the Torsa in 1910
overflowed their banks, owing to heavy
rain in the hills, and caused great
damage. So long as the rivers. did not
overflow a direct onrush of water from
the hills (due to heavy rain in that area,
as in 1586) can, however, do very little
damage in the plains.

“  Area (B-2)—Spill Area of the
Brahmaputra.

The level of the country in the east of
diswicts Rungpur, Bogra and Pabna is
very low and the greater part of this
avea is mundated every vear during the

rainy season, by the overflow of the
Brahmaputra'.
Drainage.—The slope is  extremely

small and amounts to only about 50 feet
in a distance of 100 miles”. The
drainage is roughly from north to south,
but sets awayv from the Brahmaputra,
shghtly towards the south-east.

The Gaghat (the upper part of which
is approximately parallel to the Tista).
used to be a very important river in

('1) 1 have taken the following description of the Bralmaputra from Mr. G. H. Reaks' Report (Appendix II,
Hoonghly River and its Hend . Gover of B I, 1919, Volume I). ** The Brahmaputra is 1,500 miles
loneth and has o drainage area of 361,200 square miles over country with a heavy ramfall, the average in the Assam
Volley being sbout 88 inches.  After traversing Tibet in the easterly course ax the Tean Po, it emerged into  Assam
vnder the name of Dihong and Bows south-westward through an slluvial plain in the Assam valley, 450 miles in
length with an average bresdth of 50 miles, receiving vanous tributaries on both banks, draming the Himaluyan siopes
on the north and northern slopes of the Assam bills from the south. The Bralimaputra curves round tie western
“purs of the Garo hills where it recrives the Tista on its right bank and under the name of Jamuna, fows due south to
Join the Ganges at undo, receiving the Baral-Atrai combination on the right bank and throwing off the Dhaleswarn
distributary about 44 miles above Goslundo. The latter niver, the uj per portion of which has deteriorated runs south-
cast wards, splitting into two branches, one of which the Buri Ganga flows past Dacca and then com bining again "lﬂ\ ::
other branch enters the Meghna at Narayanganj. An old silted-up co of the Brah hes off from

ra branche
Prvseit main stresan, opposite the old mouth of the Tiste, and continuing the gurve round the Garo hill spur,
soruth cantward past Mymensingh and into the Meghna.™ i
* The low water discharg of the Brah ra in about 150,000 cusecs ; no reliable m-"uhﬂ'.‘m
fload diseharge, which s probably grester than the The river level at Gau o e o then
and small flood of about ten days’ durati ily oceurs at the beginning of May. o ST falen. The vnse e
ru:'-'-l-:'urlﬂy till the middle of July, remains at its Jevel for two months and then falis gradually from
rondhe [ 8 bher to its ) mddle of February. ™ 2 ’ 500
= T";w st charge from m-hr:-h;. at u-:i.u was | to 3,260 by weight in Anril, increasing to .'"‘?...'..;
in July and is probably er when the river is in full flood ; in the Padima at Goalundo, the proportion by weitht
wan | to 448 in A 1600, The anind hers Is very fine, proctioally all passing through a sieve with 90 &
"“-hl."’ik‘ "ﬂ-‘:‘op.)‘of he 13 hich is 16 hes to the mile at rh at the head of the Assam
5 2 whi ine! ) y
Spliey devremsen 10 wix iches at Tespur in the middle of the valley, wnd then (0 41 inches and 4§ inches at Diubel
where it commences to flow south. = At Goalundo, where it joius the the e
44 inches ta the mile during the dry and flood seasons respectively ' b p- 30).

—



s a consi-

‘of water the Tista
through an ofi-take at Nahali. It has
now yed and in its upper portions
is merely a drainage channel of local
importance.  Below Gaibandha it flows
i a southerly direction, roughly parallel
to the channel of the Brahmaputra. and
near the boundary of district ra, is
joined by the Guzaria a considerable

channel ‘which separates itself from the

Tista, shortly before that river falls into-

the Brahmaputra. ‘Che united streams,
under the name Bangali continues to flow
in a southerly direction, bifurcates into
the Halhalia, is joined by the Karatova
on the right (east) bank, changes its name
to Phuljhor, and receives several off-
takes of the Brahmaputra SKajipur and
Ichamati No. 2), and finally falls into
the Hurasagar. which is an important
off-shoot of the Brahmaputra in the dis-
trict Pabna.  The united rivers under the
name Hurasagar then receives the Baral
(near Shahzadpur). and Ichamati No. 1
(near Bera), and finally flows into the
RBrahmaputra.

Table 13— Flood List for Area (B-2).

Near. [ Month. ' b l Nature ‘ Map No
N B A PSRN e "
1570 | July and | Pabma (o) muderate | 4, 5.
Angnst '
1880 | Sepreraber | Pora () slight 10,
1a02 | July P Pabioa (C1] 4 11, 12
1908 | A aml " o) medveate | 13, 14, 15,
pioun: it
ber.
1910 | Jaly o “ | () —sliant 17, 1%
1915 | Auvgnst sl i oy 19, 20,
Beptem
1218 | August .. | Poabos nod | () o 21, 22,
Rungpur.
-

7 The level of the Bralunaputra is a very
important factor. 1f the gauge reading
at Gauhati rises above 25 feet, then even,
a slight or moderate excess of local rain-
fall may easily give rise to local floods.

Heavy rain in the north particularly in
area (B-1), acts as a contributory cause,
but becomes operative through a rise in
the level of the Brahmaputra. For
example, sympathetic floods occurred in
(B-2) in 1892, 1906, 1910, 1915 and 1918,

a few days after floods had occurred in
area (B-1).

In these years, local rainfall in (B-2)
was alse usyally above normal: but in
1915, a shight flood had actually oceurred
without any local excess of rainfall. and
was probably caused mainly by the excep-
tionally high level of the Brahmaputra

(Gavhati gauge. fluctuated between 28
feet and 31 feet).

In fact, heavy rainfall in the north or
a high level of the Brahmaputra would
not, by itself, and in the ahsence of exces-
sive local rainfall, ordinarily give rise to
floods in this area.  For example, in 1874
(Gauhati gauge, 27 feet), 1879 (Gauhati
gauge, 30 feet), 1890 (Gauhati gauge, 27
feet) or in 1898 and 1599, water from the

north flowed away smoothly without caus-
ing floods.

Severe floods in this area would, of
course, be brought about by a concatena-
ticn of all three factors; heavy rainfall
in the noeth, a high level of the Brahma-
putra and an excessive local rainfall in
the area affected.

Heavy rainfall in (C-3), that is, in the
central area, cannot also. by itself, pro-
duce a flood in (B-2): 1922 is a striking
example. In spite of a catastrophic pre-
cipitation and a disastrous flood in the
central area (B-2) was left practically
unaffected, mainly because the drainage
capacity of the Brahmaputra remained
unimpaired ; the Gauhati gauge reading
was below 23 feet during the whole of
September, and below 18 feet towards
the end of the month.

(**) Rennell : * The

ltunmtt It is na bleo for ta of 150 muunds

:’““‘l" : River, w lc"‘l I;I— its source ‘I: the Kingdom

Jenospour and Bulla ; afterward

M "'.'2.1 Jafforgunge  (Mem., ic-u. 1765).
(**) The face of hvhmnlr{me&.n.ud

Brahmaputra, 'T. | ‘Touche, in his paper on *‘Relies

gieal Magazine, New , Decade V, Volume VII, 101Q), has

n much smaller stroam at present.  The one

the valley of the

Creok (moder mes withi f n mile of the west part of the town (e
: ik . u.:tll.l-:l)nmmmllr'nf Tu\lu:rv. "'l"‘;nu :rw-k ix suidd to be s branch of the

of Boutan (Bhutan), and runs by way of R

. cagunge
oining the Ganges by several branches, tho chief of which are those of

thin it 100 150 years by & change in the course of the
b umla.m lu‘-":kul\ in)lhp Plains of Northern India * (Geofa-

forward iow that the Brahmaputra was o y
e ain, Artbutarie i g .

the Tsan Po, which formerly flowed westward, and sither

recent times, until it !
.—mwmhumumum the deserts of Tibet.  With the accession alﬁ:-m[‘u, the Brah-

4 tities of silt, wnd Iding acti-
m‘r‘rf’ *mm W‘ﬂ:’ mhh“hm mmuﬂ.l:hﬂeu!n dow rted its old south-easterl y' mlh.
and foroed a passage south the Jenai and Konai into the Ganges at JafT j.  This e :;‘nm" rom
castern to the western wide of the Edqwgimwumbum 17560 an

S g ot i ke b b Ao b oot
%‘;-’-ﬂhm Thoe Teah aputra hus across this low ground. (Mem. 81, also footnote by La Touche). .

g — ey ——
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< Area (B-3)—Riparian Tract of the
Ganges.

The riparian tract on the left (north)
pank of the Ganges may be divided into
two divisions, one comprising the south-
ern portion of Malda® and the other the
southern portions of Rajshahi and
Pabna™.

flat V.
south-east and does not amount to more
than 20 or 30 feet in 60 or 70 miles.
North of the Kalindri lies .he Tal land

The slope is from north-west to

which floods deeply as the river rises
and drains into swamps. South of the
Kalindri, the country is seemed cld
courses of the Ganges”, and is full of
swamps (bils) extending on the right ,

(west) bank of the Mahananda®, from
its junction with the Kalindri, to Naw-
abganj. During the rainy season, the

(**) I had originally intended to consider it as & separate flood division (B—4), but finally decided to incor
both under one division (B—3). Map No. 2 had been printed befors I gave up my intention olydincu-mg the c-:‘:::
separately.

i *) The following g 1 ok P of the G is taken from Reaks' Report. *“It runs in a generally easterly
direction along the southern side of its central valley, skirting the northern edge of peninsular India, and receiving suc-
cossively as affluents on its left bank the rivers G i and G k, draining the Himala) southern slopes, and on its
right bank the Tonge and the important Sone river. Just above Sahebgan), the Kosi joins it fror: the north, and the
Ganges then sharply rounding the outlying fringes of the Rajmahal hills, follows a general sout h-e asterly course.
Shortly after pasang Rajmahal, it enters on ita deltaic career, giving off it first effluent the Bhagirathi, at Gena, ahout
34 miles above Rampur-Boalia. A few miles further down the Ganges receives it last tributary, the Muhananda., After
passing Rampur-Boalia, the Baral river is thrown off from the left bank and this stream flowin through the Chalan J hil
and combining with the Atrai from near Jalpaiguri, joins the Brahmaputra above Goalundo."

“ About 19 mules below Rampur-Boalia and the same distance above Sara, the Matabhanga takes off from the
at the old Jalangi entrance and, flowing in a south-westerly direction enters the Hooghly near Chakdaha under
w of the Churm.™
The Ganges passes Sara 19 miles after throwing off the Matabhanga, and above Kushtia, or about 12 miles below
Sarn, 1t gives off the Garia efMuent ich lower down under the name of the Madhumati, flows into the Bay through the
Baleswar and Hapnghata estuary. The Ganges meets the Brahmaputra at Goalundo, about 59 miles below Sarn ™ —
(Reakx, p. 29).

“ The Ganges has a length of 1,540 miles and a catchment area of 397,5000 square miles with an average rainfall of
42 mches.  From February to May, its average discharge at Sara just below the Nadia off -shoots ix probably below 50,000
cusecs.  This begins to increase in May and nses to an average maximum of 1,500,000 cusecs at the end of August, or the
beginning of the September.  The greatest discharge ever measured was 1,926,050 cubic feet per second on the 22nd August
1910, and the probable maximum discharge at extreme high flood level would be 2,500,000 cusecs. The river level is
consequently lowest in April and May. It begins to rise in the latter month and then more sharply early in June, attain-
mg it maxunum height about the end of August ; there is usually a subsidiary freshet which maintains the flood level in
the first half of September and it then falls gradually to its lowest stage, the flood being imperceptible by the end of
November .

* From experiments at Rampur-Boalia at the height of the flood season in August 1909, the Ganges was estimateld”
to carry an average proportion of dry silt by weight of 1 to 473, or about 924 grains to the cubic foot. In September 18903
the proportion measured at Sara was 1 to 527, or 830 grains to the cubic foot. In August and September, the proportion
s estimated at 1 to 760 or 575 grains, at the head of the Ganges canal. The sand found in the river at Sara s very
fine, all passing through a sieve with 75 threads to inch and only 58 per cent. being stopped by a No. 100 sieve " — ( Reaks,
p. 30)

(*7) It comprised part of the ancient divisions of Pundra and Gauda.
Monomohan Cf

~~ The country in the south of the dis-
trict Malda is low-lying and extremely

I have taken the following extracts irom
varti's *° Notes on the Geography of Old Bengal *" (J. 4. 8. B, IV, 1908) - .

“ The province was thus evidently bounded on the west by the Ganges with the Mahanande, and on the east by the
Karatoya. The land (Pundra) was low and moist“and crops were abundant.”  (p. 271).

“ In Todarmal's rent-roll Gauda tract - - - (had) on the east the streams Punarbhava and Mahanda, on the west
the old Kosi and the hills of Sontal parganas, on the south North Murshidabad and North Birbhum and on the north an
ll-defined limit of Puraniya and Dinajpur districts, Debikoti being included in the extreme north-east  (p. 280).

* Gauda. The land was low arffl moist, farming operations regular, with abundant flowers and fruits ™ (p. 274).

('*) The history of Gaur furnishes ple evid about changes of course of the Ganges and other rivers in this
part of the country. Monomohan Chakravarty in his ** Notes on Gaur and other old places in Bengal ™' (J. 4. S. B, V.,
1909) has put forward the view that Laksmanavati, a town situated on the south ha.nrol the Kalindi, was the capital of
Gaur from at least the Sth century A. D. Chakravarty has adduced evidence to show that the old course of the
flowed lhmuﬂn the Kalindi at that time. *“ The Ganges after flowing through the Kalindi would pass through the lowest
sections of the present Mahananda bed ; and thus the formation of the extensive hes and dep i on its both
banks could be accounted for, as they could have originated only from the action of some deep and brosd stream
carrying enormous loads of silt like the Ganges ™ (p. 200).

l:gmvun was made the seat of the government about 1200 A. D. under the early Muhammadan rulers. The
capital was transferred to Pandua about 1334 A. D. This removal ** was obviously ted with the ek in the
river- —— king Lakh i unhealthy and uninhabitable ' (Chak i, 204). Probably about 1453, the capital
was removed back to Gaur. This transfer was also largely connected with the physical changes of the locality, * after
much fluctuations, the Ganges seems to have found o P ively stable on the west of the city and its Hoods
probably raised the level of the city on its eastern "' (p. 205). In the earlier part of the 16th century, a Portuguese
visitor, De described Gaur as a magnificent city with 2,000,000 inhabi and si d on the banks of the

¥ h d from I

Ganges 21 i b 5o Pamd
l:.d ('p- 0). The

» to P “ not merely because the former
from the diversions of the river, but also becauso the latter had considerable facility of water

communications “—(J. A. 8. B, V, 1909, 217). .

Tanda b.n-;—li. capital about 1566-67 A. ., but the seat of g was d 1o R.!md:nl about 1596-97
A. D. “The fluctuations in the river course, no doubt, brought on this for to Rajmahal. A y in 1588 Ralph
Fiteh had noticed that had receded off the e

the wiver a b
The appears in a map of V. (17 )nl"lhm-."nndlnw‘lulu(lﬂi-!l)u"T-mh. It
has sow 8 having been by floods about 1826 A.D.——(J. A. 8. B., V, 1909, 231).
weven miles south of Pandus, was at one time situated at the confluence of the lnnhunnd. and the
;’!ﬁo'h'-hlahnlu-“thmnlwy-dw edited by W. K.

°* The Towne is small, but conveniently

seatod Mdlhﬂ.ﬂaﬁdl—ndmlmmlom(-\o&m
N"“"“‘Gm.k«hh&nh-ﬂdr:lpmv—n.mm of cloth, ete., for that part of the
countrey, and comes in from all parts within thirty or forty miles.”” (Extract &nuborﬂhl:‘:‘l7:‘); eseill

(%) These swamps are very old. The country the old city Lakhanor was describetl about §205- 3
n filled with mud-swamps and AN T 1999, 21d).




the Kalindri causes a similar pheno-
menon in Tal land.

In Rajshahi and Pabna also, the
Ganges flows through a oount.:Lwhich is

extremely flat, the average slope from
west-north-west to east-south-east being
“only 30 or 40 feet in 100 miles®. Dur-
ing the rainy season, the level of the
Ganges often rises higher than the level
of the rivers which are connected with
it on the north. This fact was noted by
Major Rennell so early as 1765. Since
then the situation has become further
aggravated by the continual deposit of
silt and the consequent raising of the bed
of the Ganges. The bank of the Ganges
is also being raised at the same time *:
so that it is now actually situated at a
higher level than the country lying im-
mediately to its mnorth®. The Ganges
below Rampur-Boalia sends several
branches to the east®. The most im-
portant off-shoot at present is the Baral,
which in its turn throws off several
smaller branches (such as Musakhan.
Nandakuja, Narad ete.) and through
them carries. during the rainy season.
a considerable volume of Ganges water
into the bil area. The Ichamati® is
another important branch which takes
off from the Ganges (Pudma) below
Bajitpur Ghat: and flowing in a tortu-

ous course through the southern portion
of Pabna, joins the Hurasagar in the
east of the district.

As may be easily gathered, the drain-
age of whole area depends entirely
on the level of the Ganges. When the
level of the Ganges is low, water would
find its way into that river, but during
the rainy season, when the river level
rises high, the Ganges would fail to func-
tion as a drainage channel. In fact,
the drainage sets away from it, to-
wards the north and the north-east, and
when the river level rises high, water
would actually overflow its bank and
spread over the adjoining country. _~

Table 14—Flood List for Area (B-3).

Year. ' Month. I . Nature. ' Map No.
1870 | July and | R and () leral 4.5,
August, Pabuna. g
1871 Auvgust to Rajshahi and (b)—severe L
October. Maida, and exten-
slve,
1874 September Rajshabl and | (¢)—moderate | 7.
Pabna.
1875 August Pabna wo | td)y—slight
1879 v . | Rajshahi .. | (&) = 45
1885 | September Rajshahi and | (B)—very se- | 8, 0.
Malda, vers
1886 = Raj e |t} %! 10,
1800 | August Pabna — ., .
1904 - oo | Makda (d)—slight .. saem
1906 August (| Pabus -« | (Fr—moderate | 13-18,
and Sep-4
tember, l(.]llhlnhl and | (d)—slight
alda.
1915 September Pabna > @— . .. 19, 20,
1918 Augnst Malda and | () — 21, 22,
Pabna.
1919 August and | Pabas so | W~
Septem-
ber.

A high river level and an excessive
local rainfall are practically the only
two factors of importance in this area.

(**) “ From Sahe

bganj
mile in flood. At Goalundo, at the of the G

j to Sara the average slope is 3- 36 inches to the mile in the@ry season and three inches to the
a

and Brahmaputra the fall is 4- 15 inches in the dry season

nnd 4-50 inches to the mile in the flood season. The slope of the river, of course, varies naturally at "'f:;“"‘"‘ points
o Sondk

jons are ab

1, it was found, when the niver was in high . Lo

nceording to conditions, and at Sara where ¢

vary at points a short di

at one point just below Sara,

o IR SR e B
o 5

im, the streams in its -3.'.'

water flowing out of the stream over its'sides. "’

ral condition & already to some extent embanked.

ce apart, from Tittl 3 ‘hes to the mile, to as much as 15 inches to the _'A"“‘" changing
from 9 to I's ln.c.h; u: l.D.m l'n:.ll; :lho river rose from the low to its high stage _(Rff‘f" uht
blems set us by the Rivers of Bengal " (J. 4. 8. B, V, 1 _ n
are, as a rule, of a deltaic character and we find the highest ground along their margins,

1909, 398) notes :
That

This is due to the deposit of silt from the

(*7) About 400 years ago the main volume of the Ganges used to flow through the Bhagirathi, ‘"'i“':“"_“"";,‘:' gradu-

ally silted up. The
castwards, until it broke thro and joi

and the Garai became in turn the main

but the Gang
tra near Goalund At one time the Ganges probably

d the Brah
l’ulk--ndth.md-ln-lby 3
{ianga rivers past Dacoa into the Meghrra.

and Sherwill past Ram -Boalia th h the Chalan Jhl, Dhaleswari and Buori
In eot::. of time l;;: g(.ngu o;::d out other channels to the south until

” .
por its and in Rensell's time, before the Brahmaputra joined it, flowed through the Arnalkhan river

d, to the sea "' — (Reaks, 37).

raised the land surface on the extreme western side of

to
The main stream of the Ganges h.v-%:.“m course ::rdin e . the aively- Moy devalopenl

the delta may, bythhnry:w-. been nat
Ve

of the Kosi, which

{nthindi

b It may been further infl ion by the change of
ually that river westward until discharged the abo jmahal " (Reaks, 34).
'md(") 0z the - -u? in the 4 of the a‘"f oty ":i:-'h-c the latter half of the 18th century
when it entered the at near Goalundo, the latter river endeavoured to #void the conflict by forcing a
new P-z: the sea m of the delta. As poin"' °""M:"" (;:;‘{':m;‘i:,,'::,"‘m..u:ﬂ#
Soveral _ the Junction with the Brahmaputra in 1838.” It was also fordablo #F1 g %0 EE
The Mm in width at ikl.a .oﬂ;:‘:r'.iﬁmm U)IF) R

d out
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3 €. Addams—Williams’ ** Note Mnm"(nm*.Armlv.:u:m The 1
. “MML-“M the Ganges from the north side,

ae in name
and again falling into it at ** Rattingunge ""—(Mem. 15, June 1764).
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"o o ins the main cb

‘could then be ex| to
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The normal d
sufficient

1 ‘normal
rainfall. A of local
rainfall with a normal river level, or an
abnormal rise of the river with a normal
rainfall, is sufficient to cause local
floods; while excessive rainfall with a
high river level is almost sure to lead to
severe inundations.  In 1871 and 1885,
this critical balancing between rainfall
and drainage was clearly shown by the
fact that the height of tze flood dimini-
shed immediately after a temporary
break in the rainfall, and again increased
immediatelv after a fresh onset of rain.
On the other hand, in 1870, 1875, and
1890, the local rainfall was by no means
excessive (in fact, in 1870 was actually
below normal over a large area), and
vet floods had occurred, chiefly owing to
the very high level of the Ganges and
the Brahmaputra (the Rajshahi gauge
exceeded 25 feet and the Gauhati gauge
27 feet in August 1875 and 1890,
respectively).

Floods néver occur in this area with
a low level of the Ganges, i.e., so long
as the drainage of the countrv remains
unimpared; for example, in spite of a
considerable excess of local rainfall a
flood did not occur in 1902, evidently
because the level of the Ganges was
lower than usual, and the rain water
could flow awav without accumulation.

Heavy rainfall in the north, or in the
central area, has very little influence on
the oecurrence of floods in area (B-3).
Excessive precipitation in the north in
1898 and 1899, or in the central area in
1892 and 1918, did nol produce floods
in (B-3). FEven the catastrophic rain-
fall of 1922 had no effect, which showed
conclusively that water coming from the
rnorth was a negligible factor, so far as
its direct effect was concerned. Whatever
little influence such rainfall in the north,
or in the central area, may exert, becomes
operative in an indirect way, by raising
the level of the Ganges or of the
Brahmaputra.

Area (C)—Country in the Interier.

This area forms part of the grea

Gangetic plain, in which two dist.inett
tracts may be distinguished. The great-
er portion consists of recent alluvium

seamed by numerous old courses of mori-
bund rivers, and full of bils and water-
logged depressions; while in certain por-
tions (particularly in Malda and Dinaj-
pur) there occurs an outcrop of an nhi—
er and more elevated alluvial formation
known as Barind land® with a stiff red
clay or quasilaterite soil

rd

Area (C-1)—North-western
highlands.

This _area which comprises the great-
er portion of district Dinajpur and the
northern portion of district Malda con-
stitutes the western highlands, and is
situated at a slightly higher level than
the rest of the Gangetic plain®.

Drainage—The rivers
north to south. The Mahananda®
rises in the Darjeeling district near
Kurseong and flowing through western
Jalpaiguri, Purnea and Malda falls into
the Ganges in Rajshahi. The Nagar
(which rises just north of Atwari®,.
and forms the boundary between districts
Purnea and Dinajpur) with a number
of tributaries (e.n.. Kulik, Gamar, ete.):
the Chiramati (rising near Pirganj);
the Tangan ®. with its tributary Tulai:
and the Punarbhaba (which rises near
Thakurgaon), all flow into the Mahan-
anda and thus ultimately find their way
into the Ganges.

The river channels are well-marked and
fairly constant, and the river beds are
on the whole below the level of the
surrounding country : it is only in excep-
tional vears that the rivers overflow
their banks to any great extent. The
main rivers carry a considerable volume
of water during the rainy season, but
become very shallow in the dry seasom.

flow from

r

(*%) “Varendra : .., The boundary was

Varendra is deseribed -md?hnﬁ.nd'm i

Natore) ; Capala on
on

i Gl-wynﬁm.udthnombmthol’du & n i

river ; Natari (modern
onmt: c‘ M“, ﬁ‘-l.?.' ;h..uNm.n::j Chakravarti, ** Notes

on the Gomastapur ; and on is in guneral about 8, W.
: 1 “The coursd of the .
d:tzhlauwm—"“%mw small rivers that fall into it between Sanashygotta sod M
3 The Naor medern Nagas tes the Provinces of P & Denospour, The river le S el
; a se be ane of the rivers that we -
: lwr‘“-:':-th.“ﬂ“-?'?‘;-m‘“ hore is well cultivated and had a plearant
appearance " (Rennell, Feb., 1 Mem., 71). o % iver) near Currumba ¢
(an ( “budh - Ml&fm m*..”“ h:t:‘m"“‘ w pleasant
Feb.



Table 15—Flood List for Area (C-1).

Year.| Month. e ] Nature, Map No.
1058 | e | Saie - B | Bl
1918 | August .. - < | (A)—severe . 21, 22,

The drainage in this area is satis-
factory and uome%umtly floods are of
rare occurrence. They are almost always
brought about by heavy local rainfall
given by cyclonic storms. For example,
cyclonic dewnpours occurred over a large
pazr of this area, at the end of a very
wet season, and caused a great flood in
1892, In 1918 also, heavy rain fell dur-
ing the period 18th to 27th August, and
caused another severe flood.

In both these years (more particularly

in 1892), the situation was very much
aggravated by the serious holding up of
the water by the railway line from
Katihar to Parbatipur, which runs from
west to east and thus cuts right across
the general direction of the drainage
channels. In 1885, a slight flood
sccurred near Dinajpur and was due to
excessive local rainfall, probably also
partly aided by the holding up of water
by the railway line.

In 1892 and 1918 heavy rain had also
fallen in the hills and in the submoentane
country in the north, and a considerable
volume of water came down from there,
swelling the rivers and streams in area
(C-1). But water coming from the
north is never sufficient by itself, and in
the absence of heavy local precipitation,
to cause a sericus flced. For example, in
1874 (20th August to 15th September),
1879 (August), 1890, 1898, 1902, 1910,
and 1915, heavy rain had fallen in the
north, which, however, flowed away with-
out giving rise to any floods in (C-1).
Even the catastrophic rainfall of 1899
in the Darjeeling hills, or the heavy
precipitation ofnii‘ooe. when the country
lving immediately to the north-east of
(C-1) was severely flooded, did not pro-
duce floods in this area.

A ml:derm excess of .loc;lw %\f&ll.
amounting to 200 cent. T
cent. Mngo normalp?; one week (for
example, from 6th to 11th September
IB86) can apparently be carried away

i : a portion of rai
lying immediately to the a:;'c‘l‘ of area

(A-:‘ . ing &
Che Fistah Vo8 on the st fm 8

The general slope of the country i

from north-west to south- .
level falls about 120 ‘feet,wes"' gl

. 3 in 50 or 60
nutlgs'.' The drainage is on the whole
satisfactory and water flow

fairly quickly. M

Table 16—Flood List for Area (C-2).

= 1
Year. ' Month. |  District Fe
XS |  aflected. |  Nature,
1592 | July | Dinajpur Ph)-—verr ae ] 1,1
1902 | August | Rangpur | cr—ttgns
i : | Poajpur | By —severe
|

Floods are of rare occurrence, and
much the same remarks apply to this area
'8 to area (C-1). The two severe fipods
of 1892 and 1918 were brought about in
this area, by exactly the same causes
which were effective in area (C-1),
“B"!"’I-‘" heavy cyclonic precipitation.
sericus chstruction of drainage by the
Katihar-Kaunia railway line and the
swelling of drainage channels by water
coming from the north. In 1902 a
-‘ili;;ht flood cccurred mnear Rungpur
(similar an character to the one near
Dinajpur, in 1885) which was caused
by excessive local rainfall, aggravated
prebaly to some extent, by the holding
up of water by the railway line. It
does not, hewever, call for any special
remarks

Just like area (A-3). this area also
is effectively segregated by the Tista from
area (B 1). and is not afiected by even
very heavy precipitations on the east of
the Tista.
2z Area (C-3)—Central Low-lying

Country.

The central area is extremely flat ana
is seamed with the old courses of great
rivers which have decayed or are even
now decaying rapidly. P X

Drainage —The key to the draina
situation. in this area is given by the
history of the Karatoya and the Tista.

The Karatoya was at one time a
mighty.river, and was specially m:ted for
its sanctity in the Mahabharata®™ The

%) It in bounded on the enst by the Tiata ; on the south by a line roughly following the 100 feet contour and running
P-'lhh Katihar.

area (C.1),

iles ; the
Kaunia railway line, on its south, at & distance of from 10 to 15 miles ; and on the west by

(*%) Bhisma-Parva, IX, 35 : Vana-Parva, LXXXV, 3, quoted in J. 4. 8. B., V. 1909, 269.

S



Amarkosha (the famous Sanskrit lexi-
con) gives it the ira, ie.
always with water, or unfordable ® [t
it believed to have been famous in the
i the Chinese traveller Hiuen
Tsiang (Yuan-chwang, about 640 A.D.L.
who described the country throug

which it flowed as “ low and moist ™.
It has been identified with the river
which Bucktiyar Khilji described about
1203 A.D., as a river “thrice as great
as the river Ganges.”" It was marked as
a large river, connected with the Brah-
maputra, in the Map of Bengal pre-
pared by Van den Broucke in 1660, and
also in Major Rennell’s Map*.

In 1810, Dr. Buchanan-Hamilton des-
cribed it as a very considerable river,
and mentioned that its upper part was
then known as the Tista. A sudden
change in its channel was, however,

caused by a big flood which occurred in
1820. ince the river has been
 rapidly ﬂlufng np,l hud its
course very frequently, ‘and is fast
comm§ moribund. The present ch:::
nels of the Fabuneswarf, J:

cther minor local streams
channels of the Karatoya.

In Rennell's time, the Tista ran down
from the Sikkim Himalayas past Jalpai-
guri and flowing south communicated
with the Karatoya and Atrai rivers and
passed into the Ganges near Goalundo.
Due branch, the Punarbhaba, joined' the
Mahananda near the latter's confluence
with the Ganges®.

In 1787 AD, a catastrophic flood
occurred, and the Tista forced its way
and opened out the present channel to
the south-east*. ;

(**) Amarkosha, Kanda 1, Vargga X, Verse 33,
(**) J.A.S.B.,IV., 1998, 27].

(*4) ** Eight Miles more ENE. crossed the Corto or
It receives the Guramarra &
Nabobgunge lies about 2 miles NE. from the

tho' fordable in most places.
the Teesta.

most waste interpersed with Groves of Betel Trees

orotya River. This River is 150 yards broad & very rapid
Curume Rivers a little farther down & afterwards falls into
place whare we crosse | the Corto.
"—(Rennell. Feb., 1768, Mem ,

The country is here
7.

(2*%) In January 1766, Major Rennell gave the following description: ** About 3 miles NWBW. from Dewangunge,

we camne to the Eastern B.nhoft-hn'l‘inn-h:pnm from Boutan (modern Bhutan).

The bed of this River is from &

mile to & mile and quarter in breadth, but the channel at this time is not more than 300 yards over and from 3 to 7 cubits

: the stream is not very rapid and *he water extremely clear. The bottom is sand and pebbles.

It course is here

deep
from N. to 8. running as we are informed by Ragge Gunge and Denocspur (modern Dinajpur) and emptying itsell into the

several channels "—(Mem., 67).
[

was sufficiently raised, o
The fi
tapgle formed by Latitude 24 to 26-20"°N..and Longi

Tista appears to have alternated, at different periods,
ra. It continually deposited its silt in the country through which it flowed. and when the level of the land
hanged its course, and joined the other river,
in practically filling up the land lying between the two main streams.
ing description has been taken fromi F. C. Hirst's article on the Kosi river :
itude 88 and 80 E., ia therefore liabie to vary between the plain of

between the two main rivers, the Ganges and the
In this way, by its wanderings, it has succeeded
* The land lying in the rec.

the Ganges and its feeders, and that of the Brahmaputra and its tributaries, the main agent which causes a vanation
being a high flood. We have seen that the Brahmaputra, during that time, thanks to an nnprecedented flood of the
Tista, robbed the Ganges of the water of the Tista River. This piracy is very probably not the first of which the Tista
has been the vietim ; it has, in all probability, in bygone davs, alternated, at different periods, between the two master

streams “—(J. A. S. B., IV, 1908 476).
T H.D,

LaTouche in his ** Relics of the Great Ice Age in the Flains of Northern India ™ has observed that * the

effect of this (diversion of the Tista) was not at first

ble but it is §
was too much for the Brahmaputra to deal with. hampered as it was

bable that the silt brought down by the Teesta
iy by the d ing back of its waters by the

Meghna as the latter slowly raised the levels of Sylhet and that the two allied rivers were ﬂ-np:"bd to find a new channel.
The insignificant Jennsi offered the means of escape and its bed was occupied about one hundred years ago

** The struggle that then began b n the Brah

ra and phe Ganges is still in progress and issue was joined so

recently, almost within the memory of men now living. that we'cannot suppose that it has yet been fought to a “".'I".:;

or that deve

Brahmaputra, being the more powerful river is not likely to rest

nts may not take place that will have far-reaching effects upon the future history of Bengal.

it has already gained. Up

with the adv

i \ i brought the
to the t time, indeed, it has not been able to exert ita full '":’"' for it cannot do so until, it hu ~
level Jm. Assam valley to the state in which it would have been the valley been originally excavated by a niver

of the wire and power of the present utra.

low ground fl

- ’ e
As it is, much of the force of the river when in flood s sjent in t
its course, but when this has been brought to the * true regimen.’ there i= no doubt but that the

: anking ~ E P "
river will be able to show its ""_"":.U}‘I with ma'!ﬂom.‘n‘n its l""'m“:'eanl near the confluence that the latter

|

“ven in 1838 it had




be Jalpaiguri, the
the south, a branch
known as the Buri or old Tista, and then
turned eastwards amfl entered Cooch
Behar. Since thepn the old channel of
the Tista had decayed much further and
is now represented by the partly mori-
bund channels of the Atrai, the Jamuna
and the Nagar.

7 It is probable that the Karatoya and
the Tista united at a spot, marked at
the present time by the Chalan Bil, and
flowed into the Brahmaputra, through

“ the country now occupied by the rdumer-
ous bils ar low-lying swamps and depres-
sions which cover a large area in districts
Rajshahi and Pabna and partly also in
Bogra®. These bils or marshy depres-
sions dry up during the hot weather,
but expand into swallow sheets of water
during the rainy season®”” In some
cases, as already noted, they represent
the remains of great rivers, i.e., the
Karatoya and the Tista. In other cases
they have arisen mainly by the action of

=rivers, which by silt deposit have raised
their beds above the level of the surround-
ing country: so that the land lying
between l:vuil parallel rivers fl(;rm a kind

of trough, the drainage of which cannot
be discharged '#;rm the adjoining rivers.

The Atrai, which occupies the old
channel of the Tista, with its different

* branches (the Gur,

Mara Atrai, Ba )
and a number of tributaries !k:‘w m::l:ll:)e

Chalan Bil, which is probably the oldest®
as well as the biggest /il in size, and
measures, at the present time, over 140
square miles. The Nagar (which is a
branch of the Karatoya, and joins Atrai
near Singra), and the Jumna (which
rises in the Jalpaiguri hills and flows
through Dinajpur and Bogra, and is
Joined by the ('\Iil'i Nadi and the Tulsi-
ganga). also fall into the Atrai and thus
ultimately pass into the Chalan Bil
I'he accumulated water of the above
rivers is slowly carried off through the
Baral (which™ is an off shoot of the

Ganges), and ultimately drains into the
Brahmaputra.

— As has been already noted, with a rise
of the Ganges, a considerable volume of
water from that river would usually find
its way into the Chalan Bil, and thus
complicate the. situation still further®.
If, in addition. the level of the Brahma.-
putra also rises high, the current of the
Baral would be actually held back., and
the water in the Chalan Bil would be
kept pent up until the Brahmaputra falls
again.

The incursion of silt-laden watgedrom
the Ganges into the bi/ area has alsc
caused, and is still causing. rapid silting
up and consequent raising up of the
level of the surrounding country®. The
capacity of the »! area for holding
flood-water is thus rapidly diminishing.
The water, therefore, can now s
over a far larger area than before, and
can thus give rise to floods which are
more widespread in character and cause

(") Distriet Gazet!cer, Ru»”'nr (1911), p. &

(**) In Rennell's time the Karatoya, the Tista, the Atrai and a number of other channels were all mixed up in this

area. For ple. Rennell t a river near ' Cullum

" (modern Chalan), at the head of the Chalan Bil, which

** mixes with ye Jeels or into several streams.. . Above Cullum it is in general 200 or 220 vards broad and deep

stream is not rapid.

This river has o great many names given it, the people of

very district giving it a particular name. Between Boutan (modern Bhutan) and Ragge Gunge (neer modern Dinajpur)
:« is named l.hf'l‘":g from thence to Bandegotta. the Attri (modern Atrai), between that and Cullum (modern Chalan)
e )57 N}

the Golenuddy ; and afterwards the 1

v llaser apd Curramjar. . . . At Baumanpars

the ri in 300 yards and sufficiently deep. Abt;ul 12 nuh-‘ below this place the nver changes its general cours:
lru-nﬂv:;th to 8. E_, and same time -;ynnt:- into 2 chanmnells, and *; northmost of these again into several others.

?'lhwmhdug:&di‘nu

streams it happens that none of
mrmmphneljun entire swamp " (Mem., 87-85, Dec., 17668).  Rénnell also men
off to the

m are navigable for boats of 2 cubits ht

ancther * Dintkibi.al it, which turns Eastward near Chatmol and receives the Gorregott (modern Gaghat) and

) rigers “'— (Mem., &4, Dec., 1766),
= v s duger w0 R

g

ly above the head of the Currumjar River the great Jecls

in wet Season joincd together, & form a prodigous Lake which extends from the Western parts
to Nattour, .I’l.u'tdnbom l;lnﬁgﬂz miles. In the meason they form several distinet Lakes.  The Denos-

itwelf for several Miles, & dividingnto a number

of Branches. On the skirts of the Jeels are several considerable Villages particularly. those of Rajatpour, Hurriol, Chatmol,

om & Nattour shallow parts. number of tame Bullaloes are kept, by which means
this p‘n.d the llnﬂn;.h furnished :ah:" ing with Ghee. The Country is incapable of any
other Improvements for as very low, the neighbguring Jeels make it a perfect wwamp “—(Rennell, Mem., &2, Deec.,
1768, 82), - »

.-
e Hasititon, originally combised with the Mahe-

Brahmaputra, Rennell recorded about 1779 that the Kosi at

distant date had flowed and H& 45 miles below ite present mouth,—( Reaks, 33).
" It is also %mmwmmm“
not

In 1909 it was
(*" Bil is shiil to have very long ago, over an area of 428 square miles. L od
; to 142 square miles, of which only 33 miles . -Mnmshﬂhm year.
I¢ was caloulated at that tiame that about 170 million cublo feet of silt was over 142 square tmilea
causing & rise of the ievel at the

ovxy-r. In 1913 it was found only 12 or 13 square
6, -9, A

, . e




o] alight .

*g. -

(@)—catastro- | 3388
e,

Floods.—Excessive local rainfall is
practically” the only direct cause which
gi‘m rise to floods (which are of rare
occurrence) in the ecentral area.

In the slight or moderate flood of 1886,

for e;(:mple,'ve.nk' heavy pain had w.
in the last 0 vgarnbr. in
the central area il-a{f. n 1906 another™ '
shight flood oceurred in the south-east
cormer of this area, and was agath due
to excessive local rainfall. #

In 1918 and 1922 the MM
factor was the unusually heavy " loea

precipitations. Within (Lo mt?l.l a
itself water flowed i a m‘bﬁ
direction. and the actnal position of the

area of the highest was sit
some distance to the mth-:lt of
area of heaviest precipitation. In both
these vears, the levei of ghe
not very high,
to the difficulties of the situation. The .
high level of the Brahmaputra in 1918,
however, held up the water in the east

Parbat constructed i 3
W

The new railway*dine from ra-

s were then much more
exXtensive. The gom‘rﬂoguhm
G ted in 1599 and the Sara-Sirdj-
E:j"  in 1915, It seems.

e , that before the ,
the railway lines, particiflarly of ’
west-cast lines, the natural drai
the cemtral area was hetter able to
with evema considerable exeess of ¢
rainfall. .

At the same time it should*be

2.

. realised that severe floods in thi

are inevitable with catastrophi
precipitations l:i':: ;Imtbof Lpﬁt

cannot be any doubt that a ;
wou'zhw?uyvumd in 1992, even ‘ﬂ’
the railway lines in North Bengal

not been in exigtenge. It is,_however,
not imjprobable that the flood wrml
subsided gnore quickly than it

did, if the dralnage had been
obstructed :



SECTION IV.—FACTORS AFFECT-
ING THE OCCURRENCE OF
FLOODS IN NORTH BENGAL.

It scarcely needs mentioning that rain-
fall, having regard for its intensity,
duration, and geographic distribution,
is the sole cause of occurrence and main-
tenance of floods of whatever magnitude.

The occurrence of a flood in any parti-
cular area is determined by the amount
of excess of (A) the total influow of
water, over (B) the tatal outflow from
that area, either by evaporation, soakage
into soil, or by drainage. _

Under (A) we have—

(1) the actual rainfall within the
area under consideration;

(2) water coming fromr adjoining
areas, the amount of which
depends on the relative situa-
tion of the areas concerned

As regards (B), the total water enter-
ing any given area may be divided intc
several portions—

(1) the portion intercepted by trees,
bushes and other obstacles.

and evaporated before reach-

ing the ground;

(2) evaporation from the surface of
the soil before penetrating tc
an appreciable depth:

(3) evaporation from the soil below
the surface, and transpira
tion by plants and vegeta-

tion;

(4) portion which replenishes the
underground  storage  of
water;

(5) surface and sub-surface drain-
age, as determined by the
nature, shape and size of the
catchment area ;

(6) drainage by rivers and other
channels; and :

(7) artificial obstructions to drain
age, such as railway lines,
roads or embankments.

In this section I have given onl

a
*“ first "’ study of the factors under (X)——1
ra

(1) cyclonic  downpours

gene
excess of rainfall, and (2) water coml'lzg
wi

from adjoining areas, together

certain general observations about
factors under (B), and also a few n:th;
on artificial obstructions to drainage'.

(A)—Inflow of Water.

M) cychng rainfall.—With
downpour (i.e., Vy precipitation
within a very short time, usunally
brought about by depressions or cyclonic
storms from the Bay) a sudden conges-
tion of the normal drainage is inevitable
and a flood of some kind or other is bound
to occur.

cyclonie

A familiar (but trivial) example is
given by the oceasional flooding of Cal-
cutta streets, during the rainy season,
caused by very heavy downpours last-
ing sometimes only for a few hours.
These floods of course subside quickly,
and although they give rise to a certaln
amount of inconvenience, do not cause
any distress. At the other extremity
stand the great floods of North Bengal
(like that of 1922), which cover
hundreds or thousands of square miles
and cause enormous damage and dis-
tress. The street floods of Calcutta and
the great floods of North Bengal, how-
ever, have this in common, that they are
brought about by the same cause, name-
ly, the failure of the normal drainage to
carry away sudden and torrential
precipitations.

Such sudden and heavy downpours
constitute the most important factor®
in the causation of floods in all the
different areas of North Bengal. Heavy
cyclonic rainfall, within or in the near
neighbourhood of the flood area, has
acted as the direct cause in bringin
about all the great floods of No
Bengal during the last 50 years, e.g., the
severe floods of 1883, 1892, 1902 and
1918, and also the catastrophic foods of
1899 and 1922

General Excess of Local Rainfall.—
Long-continued excess of rainfall is also
a very important factor. In fact, a
severe flood cannot last for any length of
time in North Bengal, without a consi-
derable excess of the general rainfall
A general excess, however, would not
necessarily cause a flood: its effect would
vary from area to area

daring
rainfall.
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In the hilly districts, in the submon-
tane area, and in the comparatively
raised country in the northwest, i.e., in
areas (A), (C-1) and (C-2), its chief effect
is a_general loosening of soil, b¥ which
conditions are made favourable for mis-
chief being done sudden and torren-
tial pours. to the good

eastern plain (area B-1), where drainage
is unsat‘:sfactory. heavy general rainfall
is not only an tial. ent for
the oceurrenee a severe , but is
actually, by itself, sufficient to cause a
slight or moderate one.

Along the riparian tracts of the
Brahmaputra (area B-2) and of the
Ganges (area B-3), its effect depends

entirely on the level of the rivers. With

a high river level, even a slight or mod-
erate excess would be sufficient to produce
floods, while with a low level of the
river, a considerable excess would flow
away. without doing any damage. In
the central area drainage appears
have deteriorated in recent years,

at the present time, any consi

.excess of local rainfall is likely to give

rise to

(2) Water coming frem adjeining
areas.—The general slope of the country
is towards the south and the south-east;
we need therefore consider only the

‘water coming from the north and the

north-west.

The folloewing table shows the aver-
age excess in inches, as well as percent-
ages ofi the normal ,precipitation, for
each area separately, for a number of
important floods :—

Table 18—Percentage Excess Rainfall in each area.
Aotual excess in inches within brackets.

oas, [ 1wz | won | awee | e | o | o | e

Tmb of days. 61 l 7 \ 30 T 24 l 23 l 8 l 0 ‘ 7
Arca affected B-3,C-1 .;.‘; g:; A%:!I?AX. 21’. a:i: B-1, B.2. “:; B.1, (},‘:! ((‘; c.1, €3,
C-1, C-2 B-2. i .
et A | S L% [t | 30 | (4% \ s | i ler s
oo (2 | hren | (437 | (e e | e | -1e (—28)
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(A‘l)v &”. ‘.0“ “ “ come into
play, but in the submontane country,
areas (A-2) and (A-3), a certain amount
of damage may be directly caused by the
onrush of water from the hills’ Jn
1892 and 1906, when floods occurred in
area (A-Z) and (A-3), heavy rain had
also fallen in area (A-1), while in 1902
a flood occurred in area (A-3), which
was probably aggravated by heavy falls
in the north. . .

In the north-eastern plain (area B-1)
water from the north or heavy precipi-
tation in area (A-3) usually acts
indirectly by raising e level of the
Tista and other drainage channels, and
cannot do any direct mischief, particu-
larly when the rivers are fully function-
ing. The Tista acts as an effective
barrier, and prevents rainfall on one
side of it from affecting the area on the
other side directly.

Heavy Xrecipitatinn in the north or
in area (A-3), however, usually renders
condition8 favourable for the occurrence
of a flood in (B-1), asin 1892, 1901, 1906,
1910 and 1915; while excessive rainfall
in (B-1) or in the country drained by
the Tista usually swells the Brahma

~putra, and thus leads to sympathetic
floods in the spill area of the Brahma

tra, especialli in certain portions of
ra and Pabna (1592, 1902, 1906,
1910 and 1915).

The spill area of the Ganges, owing
to the peculiar position of the country,
is little affected by excessive precipita-
tion in the north: while water coming
from the .Ganges does not appear to
have any appreciable effect on the
central areas ((-1), (C-2) and (C-3).
Within the central area itself, water
moves towards the south-east (as in 191€
and 1922), and the area of deepest flood-
ing lies some distance to the south-easl,
of the area of heaviest precipitation.

A glance at Table 18 shows that,
ahnost without exception, the rainfall
had been heaviest in the area in which
the flood actually occurred, so that the
water coming from adjoining areas
could not be said to be a factor of great
importance. Ry :

. We conclude therefore

rainfall in adjoining areas (Lcl::tevl:»im{)
very distant areas, €.g., the “:'
reaches of the Ganges or of the Brullxm-
putra) can become only indirectly effec
tive by swelling the rivers and thus ham-
pering or even preventing the water to
flow away from the flooded area; but
except to some extent in the subm(;nlan;-
country, can do very little direct mis

chief.

(B)—Outflow of Water.

1) lntqeeplion loss.—The amount
of water which spreads over leaf and
tree surfaces in thin layers or collects
in drops and blotches (here referred to
as the ** interception storage ") depends
on the position and the physical char-
acteristics (including surface tension)
of the leaf or other surfaces concerned
and also on the wind velocity and the in-
tensity of rainfall. ;

Leaves of different plants vary great-
ly in their behavionr as regards iuws
ception storage. For many trees in the
U.S. A, the loss has been estimated to
vary from 0:02 inch to 0-07 inch per
shower' and to approach these values
for well-developed crops. It may reach
or even exceed 010 inch per shower for
large trees'.

An increase in the wind velocity re-
duces the interception storage by one-
third to one-half of the amounts occur-
ring when this air is still’. but increases
the loss bv evaporation, to which the
interception storage is constantly ex
posed.

The amount of interception loss varies
from shower to shower. The percent-
age loss is greatest (nearly 100 per cent )
for showers which do not exeeed the
interception storage capacity. but de
creases rapidly as the rainfall increases
The a nt of rain which reaches the
ground ‘has been estimated to be below
10 per cent. for showers of less than
5 mm. (0-02 in.), below 22 per cent. for
rainfalls from 5 mm. (0:02) to 99 mm
(004 in.). angd to rise to 50 per cent. for
showers in excess of 10 mm. (0-041in)

* (%) R. E. Horton in an articke on * Rainfall Intereption i ———— Jors.
ve

Sent., 663 - 623) give= o comprohen
previous papers on this shrect and

of the available Am:c;nn and data, He a b ppigyns (Final Report. National Waterways
- Par W

(?"“A ’ heal 3 . .l-,',‘ !)&dﬁ"ﬁ," n‘f.n.:.mct«. 'l,n:\'
(%) 4. ¥, Voorhees. ' A Preliminary o um B . 2038, Bep.. 4361,
(%) W F. Horton, M. W. K., 1 N8 Sopt G198, L L e ke, Binckbmim, 1583 (uoicsd i

(*) K. K. Hamb “e 1
Erperiment,” p. .1'.‘5
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ion.—This is an
important factor, and has been experi-
mentally studied to some extent, but de-
finite figures for North Bengal are not
available.

2

The controlling factors naturally are
temperature, relative humidity and
wind-velocity. It is stated that, all
other factors being similar, for each
Fahrenheit degree of temperature, with-
in the matural range of large bodies of
water, there occurs a change in the rate
of evaperition averaging 6 per cent'.

It has also been found that the eva-
poration depends on the product of the
wind-velocity and the vapour-pressure
deficit, which is defined as the differen
between the maximum vapour-pressure
at the actual air®temperature and the
vapour-pressure at the observed temper-
ature’. The effect of barometric pres-
sure is probably negligible™.

Certain measurements are available.
about. evaporation from large bodies of

water such as lake-surfaces”, or freéely .

exposed water-surfaces in pans®.

In Bengal riveps the evaporation has
been estimated at 0'4 in. per day over
open-river surfaces”. For our present
purpose, a kno ge of evaporatipn
from moist soils" and* from capillary
films surrounding vegetation and grains

«cnjtural  Experimental

of soil is more important.
nately precise measurements on these
points are lacking.

(3) Sub-surface evapeoration
transpiration.—The Rothamsted ﬁgu.:"e:
(Biven below in a footnote) indicates
that loss by evaporation from under
ground soil (20 inches or more below the
surface) is very small and is practically
negligible. Certain experiments at the
University of Tennessee Experiment
Station, U.S.A., also shows that “a
negligible amount of water excapes from
the watershed underground.”’*

In the United States, loss by tran-
spiration has been estimated to vary
frnrp 4 in. to 6 in. (coniferous trees) to
10 in. (grasses and agricultural crops)
for the whole season, and for a forest,
range from a minimum of 0002 in. to
0-021 in. per day to a maximum of 0-10
in. per day*. A plant may transpire
more water than a water-body of equal
surface evaporates. Experimental ob-
servations have shown that Prairie grass
transpire about 60 inches for a six-
month growing season. Cereal crops
transpire at about the same rate. while
alfa-aMa lest somewhat more water.”

For Colorado the total loss by evapora
tion and transpiration was found to
amount to fsom 70 to 90 per cent. of

~the total precipitation™.

. From the observations at the Agri-
Station  at
Rothamsted, it would appear that, in
England, in nmormal years (average of
50 vears), about 50 per cent. of the rain-
fall evaporates, while in an exceptional

> '

(") Hoeton (loc. cit.), M. W. R., U. S., 1919, Sept., 663.
e # ion from the - - of

L]

(*) R. B. Sleight., * Evap e atds and river-bed mellprials.” UyS. Department of Agri-
culture —Journal of Agri ) Remearch, X. 5. 200— 262 (quoted in M. W.4., U.§.. 1924, F&., 99). g 74
(*) ¥ . Sohnsion, M. W. R., U. 8., 1924, Feb.. 100.

('Y M W.R., U,B5., 1924, 100,
Lake, California, which

The same paper gives ex

5 showed the effect of varying specific gra

- &r.of the brine increased, and for sp. gr. of 1-278 was about
o8 wel 3

imfental resulta with water taken from the Owens
upon evi t v sdecroased nsthe
cent. . It is believed that

27 per Toun than distilled wi

:J-r-n ult may be applicd to other bodi d water. Butface cpustatign aficcla cVRp ion very cen.

Jy' » 2 . 2 =

h-(-:.) ‘:"'b U""'WWR-(]&IM“%MW“).NWII:‘ ap was to be about 67

nc annuslly (M. W. R, U. 8., 1924, .. 100). o e

dai - . nual evaporation pan M? in Gstun Lake (Panama | Zone) in 62 inches. The greatést
ly e was 0-47 in Im-h-lﬂlHll. . Cornthwaite, “Evaporation in the Canal Zone —M.W_ R, U.8,

1919, Jam., 29). *
In

the Swiss
(0-303 in.) per day

> on
1921, was 2-2 :n. <10 in. nearly )

wind- 2- 8 metres per and
was %26 in. out of a
o E from a channel, 100 miles
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76 per cent. mwbn-r . W
i::)é.'AV-w‘l-(h.ﬂ).". R, U 8., 1925,
(R B &

(1% * Streamflow * log. vit,, po 29,
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duy, or in.
J

rv from 02 mi#é (0-01 in.) per day to 7-7
e o.lw 0-‘ period J;w» October
At & mosn of 12-3°C and with a mean

1024, March, 111- 114).
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year (e.g., 1921) as much as 63 to 65
per cent. may be lost through precipita-
" (4) Underground A . con-
siderable portion of the monsoon rain-
fall in North Bengal is used up to replen-
ish what is generally known as the
** underground waters,”’ from which is
derived the perennial supply of sprin
and  streams. This is a relatively
abundant supply, and is also drawn
upon for loss by transpiration.

The total amount of under ground
storage in any specified area may be
approximately determined by mea.surinf
the decreases in discharge th 1
streams during .a given period when the
flow is not influenced by rainfall®.

Many of the rivers in North Bengal
become very shallow during the hot
weather and some dry up altogether.
In normal years the underground stor-
age is, however, replenished during the
first half of the monsoon (roughly in
dJune and July), and it is only the rain-
fall in the latter half (August and
September) which is usually effective
in causing floods.

An approximate estimate of the total
loss of evaporation and transpiration may
now be attempted. From the American
data. it would appear that the inter-
ception loss is not likely to exceed 0:10
inch per day on an average. Loss by
surface evaporation in North Bengal is
likely to be greater than Europe, and a
loss of 04 inch per day from open water
surfaces is probably not an overestimate.
Towards the middle of the rainy season,
when the whole country becomes more or
less waterlogged, condition becomes not
dissimilar to the ‘‘ grassy marshes ' of
the Panama zone, and the evaporation
frem such marshy grounds may be esti-
mated at from 50 to 75 per cent. of the
evaporation from -water surfaces,
ie., from 0-2 inch to 03 inch per day.

o E———

Loss by transpiration is i
cxoe:d O-Illhm?;ch per da;ot 'l!lllk:ltyol'do
maximum may, theref! taken
as 04 to 05 inch ;’)'er da;f -

The average daily rainfal

whole of North Beng)x;l) is o~54]i:§:§'

the Rothamsted basis (50 per cent. foot-
note 19), the total loss by ev;pora-
t‘I(.)n and transpiration would amount to
}-27 inch per day. The English climate,
owever, 18 much colder, and 027 inch
per day is probably too low an estimate
for North Bengal." The summer figures
for England (Petersfield, footnote 12
p. 36) yvnuld give 64 per cent, or about'.
0:35 inch per day. The Colorado
figures (70 to 90 per cent., footnote 18,
p- 36) would give 0-38 inch to 0-49 inch
per day, which agrees fairly well with

our own estimate of 0-4 inch to 05 inch
per day.

~ On the whole a total loss of 0:3 to 05
inch per day appears to be a reason-
able estimate for North Bengal.

(5) Surface and sub-surface drain-
age.—Under ordinary conditions the
remaining portion of the rainfall flows
away as the run-off through streams.
With a saturated soil, precipitations so
small as 001 inch may produce a
measurable response in stream-flow™.

During and for a short while after
rainfall, innumerable rivul ts of surface
water form everywhere in a water-
admdi and all flow towards some portion
of the nearest stream. In heavy rain
much water may actually reach the
rivers by surface flow. If the drainage
channels are functioning properly, sur-
face flow, however, is not sustained for a
leng time. and is eliminated within a
few days after the cessation of rainfall.
But if the rivers themselves are full, the
surface water would naturally be held
up, and would thus give rise to floods of
some kind or other.

3 1%, * Rainfall and Percolation in Rothamsted, 1921 "—Quat. Jour. Met. Soc., 1922, Jan., 48. The following figures
mémtor, lation at Rothamsted :—
” e
s Percolation through soil.
w A 1 fall -
% 207, wr 80",
. Fnch.
B0 yoars' average 0 ve 1l 28608 14,834 15,482 14,659
T TR ! - 16-008 Vames 5,084 5479
- e il Ay S—
| S —
(%) For exsmple, if five days’ discharge of 100,000 cubie feet reduvos ghe rate of fow by | por cent., We may assume
that the residual water is 100 by 10,000 oubic feet. o i .
(* SAow Eaperiments, 1922, p. 23, Y .
P —



ic laws, " the velocity varying in
S::act proportion to the first power of

of the underground water
table '* . When the river level is lower
than and intersects the unde nd
storage, the sub-soil water seeps through
the banks and bed and augments the
stream-flow™.

The run-offi in streams and rivers
naturally increases with the precipita-
tion. In European countries, a linear
relation has been found to exist between
rainfall and precipitation®. In America,
the run-off from a stream has been found
to conform fairly well to a formula of
the type Q=(c-d) e, where Q is the
magnitude of flow, and " e¢ '’ a limit
which this magnitude approaches. It
has been found that “ ¢ has a direct
relation with the annual precipitations,
while ** ¢ " has a direct relation to preci-
pitation and slope. and an inverse rela-
tion to storage®.

The flood-flow of a stream depends
upon the size and shape of the water-
shed and its geographic position with
respect to the prevailing direction of
rainstorms. In North Bengal, the drain-
age is from north to south, that is, in a
direction opposite to that in which the
cyclonic storms from the Bay advance,
the country is thus favourably situated
with respect to the occurrence of floods,
since a portion of the flood-water has an
opportunity of running off before the
flow from the head waters can reach the
lower part of the stream.

The influence of forest-cover is to make
the run-offil slower on the whole, and
damages caused by floods have been
acknowledged in certain cases to be due
to forest denudation®. Movement of
ground water is also believed to be re-
tarded in timber-soil”, and clearing of
timber in certain places most strikingly
increased the stream-flow of rivers™,

In the submontane area of North
Bengal, the country has been extensively
cleared in recent years for cultivation.

This may have had spme

run-off of the Tista and the other
mountain streams. The districts lying
further south have been under cultiva-
ticn for a leng time, and no important
change due to forest denudation can

possibly have taken place there in recent
times.

(8) Drainage Channels.— i
of the Tista and other hill-;\t.rl;g: |::;3
as a favourable condition for the occur-
rence of floods in the submontane country
(areas A-2 and A-3), and in the north-
eastern plain (area B-1); it sometimes
also becomes directly operative by
actual overflow A high level of local
streams is an important factor in other
areas as well, but usually acts indirectly
by hampering drainage rather than by a
direct overflow.

The level of the Brahmaputra is a
factor of outstanding importance in area
(B-1—the north-eastern plain), where the
severity or duration of floods would be
appreciably increased by a high level of
the river, and where, provided the river
level was low, floods would not-occur
even for a considerable excess of local
rainfall.

It is naturally a dominating factor also
in area (B-2—the spill area of the
Brahmaputra). where a high level of the
river may easily lead to local floods, if
the rainfall is slightly or moderately
above normal. or in isolated instances,
even when the rainfall is not in excess.
A high level of Brahmaputra would
alec hamper the quick draining away of
water from the eastern portions of dis-
tricts Bogra and Pabna, and once a
flood had occurred, would prolong its
duration in the east of the central area
(C-3). It has, however, practically.no
influence in bringing about a flood in
the central area, or in areas other than
those mentioned above.

The lovel of the Ganges is the dom-
inating factor in area (B-3). A high
level of the river would cause floods in
this area with a slight or moderate
excess of local rainfall, or as in 1870,

(*% Reaks, 51.

i i ins, 1 hecomes practics

(*%) The pereolation supply is highest after the u-::’-:r:“r:pgn;;-;:‘:':”: I e catimated to average between
four and mx hundred cusces during the dry season —( Reaks, 51). “

% i he drainage basin of the Oder N

North Germany, Bpecial Communication, Vol. 3, ﬂnn‘ l(.htm‘;n 3’1 W. R, U, N, 1918, 01, 743).

("% R. L. Moyer: ™ An A b 1o Run.off Expetancy,” M. W. s

‘ i i m‘mnlm—u and Atmospheric and  Soil Mowsture in India

the dry season, i.s., in May or early June.

(7% M. Hill : * Relation
Caleutta, 1016,

cally mil towards the end of

Yearbook of Hydrelogy of

(4 Novr., 536,
R, (8. 1084, Nov 836, ot Tndiak

o) J.9% : * Influence of Forest Arcas, ote.,”" M. W, R, 7. 8., 1920, Nov , 637, :
: "; 2 l:ﬂ‘::zl Run off from Avoca Basin.” Proe. Roy. Hoc, Vietoria XXXV (abstracted in M. W. R, U.8, 1923,

June, 263).

“'5'" M'-ﬂ“' ‘V..:;-nmu showing the Effect of Forosta on the Height of Ktreams,” Zurich, 1919, gives & com.




even when local rainfall was below There is some evidence to

normal. On the otha‘ hand so as the d]‘l.il‘:ﬁe of the central ‘E:r:at:::
the level of the G remained low, deteriora considerably during recent
ie., the drai of country remain-  years. The chief natural factor at work

ed uni red, floods would not occur, has been the gradual raisi
o;z with a considerable excess of local ground level ixgn th‘:ea bﬂa'?r'lﬁ (T)fv 3::
rainfall. deposit of silt), and the consequent

A high level.of the Ganges m,'.y aden decay of the river channels.
become a source of complication in the .
central area by sending in a consider- The railway embankments®, parti-
“able volume of water in the Chalan Bil. cularly those running from west to east,

have also helped in this process by offer.

On the whole, the }level of the Ganges ing a certain amount o;' obstmciionet:)
does not appear to have exerted much the nagyra) drainage of the area. They
direct influence on the occurrence of ‘ :

j have also occasionally acted as barri
floods in the central or other areas of hciding up the flood waa;r (rlrz-:;;;

North Bengal, with the exception of area 1922' and have thus helped in either
(B-3). giving rise to floods or 1 prolonging
(7) Obstruction to Drainage.—We their duration.

have seen that, with the exception of

area (A), drainage is generally poor Other embankments or high roads or
throughout North Bengal, and in many even minor artificial obstruction may
places is hardly sufficient to cope with also have contributed towards the con-
the normal precipitation. The extreme tinued deterioration of the drair It
flatness of the country also makes the is, however, not possible to m an
drainage peculiarly susceptible to even estimate about the exact nature or extent
very slight changes of level®. 5 of their influence without. local surveys.

il

(**) “ In » flat country, such as the plains of Bengal, it may be cxpected that & water-channel will be affected
comparatively insignificant events, which may neverthcless, hgsafliciont to give rise to changes of its course.”—H. }
Hayden (Director, Geological Survey of India) and E. H. Pa-cwe (Superintendent, Geological .\'ur‘?‘ of Tne
** Note on the Geological Aspect of the changes that have 'm plage in the Rivers of Bengal,” p. 20,

,Hooghly River, Vol. I, 1919. i : :
(%) Dates of opening of vraffic of the impertant railway lines gev given below : —

:;) :‘u: to Parbatipur (metre, J!mh Aur:;: IR77. P ) .
© () to Atrai (metre)—1 an X -
(3) Jalpaiguri to !‘Siligun' ( lmum INT8 (ronw’d ta broad-gauge between 1914 and 1924). p :
{4) Parbatipur to Chirirbunder (metre)— 15¢h July 18x3. & ¢ , . gt
(5) Chirirbunder to Jingapur (metre) —16th May 1884, «
(#) Jingapur to Raigan) (metre)— 15th February I8SS, ) i
(7) Raiganj to Katihar (metre) - st July 1889, R {
(8) Santahar to Bogra (metre)-~1st Apnl 1888, w .
(9) Ishurdi to Bhangoora (broad) - 1st July 1915,
(10) Bhangoora to Serajgunj (broad)—268h July 1916
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SECTION V.—8SEASON AND FRE-

"~ QUENCY OF FLOODS; FLOOD
PREVENTION = AND FLOOD
WARNINGS.

Season of Floods.

We have seen that more than three-
fourths of the rainfall in North Bengal
is concentrated in the four months June,
July, August and September. We have
also seen that there is comparatively
little rainfall before June. So that in
June, the soil, as well as the rivers,
tanks and bils are usually dry, and con-
ditions are definitely unfavourable for
the occurrence of floods. Tt#dis therefore
not surprising to find (Table 19) that
almost all the floeds in North Bengal
oeccur during the three months July,
August and September, amd frequently
towards the middle or end of the rainy
season'.

4

Table 19.— Classified list for North

Bengal.

-

- -

Catas- | Severe. | Mode lht. .
Moath. trophie. ate. Totsal.

) ) ) ) =

July .. 1 2 2 5
August 3 3 7 13
Beptember p 2 ‘ ‘ e 12
October 1 - 1

: IS S S TEEEE S

Total .. T ° ° 1" l P

We may now. consider the frequency !
and season of occurence of floods for
each area separately. o
\

Table m—-chnini list for Area (A). «

3 v u‘:“f- lr;r Mode- | Slight. s
i (e ) o | @
July .. = . | $ 1
A agust e . 1 ( 2
Beptember e L I'; 2 2 5
€
-
Total .. 1 4 3 L]
- LL

floods are caused¥almost
- heavy local raipfall. F
pitatiop in the Mills

rinetoﬂood:nt.be'l"
(') The of flooda
than

¢ -~

streams, and sometimes cause

hods.by an overflow from the rilv(:ecr:\'
As will be seen from the above table
floods are uaually of considerable inten-
sity, and occur more frequently towards
the end of the rainy. season, when the
ground has become thoroughly sodden
with water. Owing to the slope of the

:guz:vrzyt..hey are however quickly draip-

Tﬁl‘l 21—=Classified list for Area AB-1).

.

Catas- | Sevare. | Mode- - g
- s~ } mal o w:: Total.
- E

July .. et - 1 1 P
August, o .. i 1 1 s .

Sep'(mhrr 1 . ‘b . 1 3
v || s S|

T

Ind the north-eastegn plain, drai; w
is na satisfactoy anrth‘l intensity :ﬁ
duragien of floods is. dolgrsimed to &
greéat extent by the level of the Brahma-
putra, and also partly by the level of the
Tista and other hill streams. Floods
generally occur in the middle of ghe rdiny.
season, and are usuqllyu cm:ﬁdéﬂ
intensity. : s ;

Table 23—ch-iﬁo¢ list for Area (B-2). ¢

Catas- | Severc. | Mode- | Slight.
Month, trophic mte Total.
(@) ® 4 @ “ .
st - —+-‘—< «
‘e .o 1
July b eﬁ & L
August ve 2 LS
Neptember e s T } - "
CAME R 5 W B s
Total .. i ks gy 4 ° 10

. The country adjoining the right (west) *:
bank of the ‘Brahmaputra is

flat lowlying, , and durg?.~@-

rairy n, thelevel of the river acju
y higher than the surrou
country, and fails to function as

ally rises

. channel. The drainage converges

wards the easternfringe of the marshy
rop ; “abna,, from; where ther
‘water <

its way o
into the BJ .
s ti(i‘nu‘h d:m-

. of ahmaputra;
by Siovel ' {n'1) aeo acts.
factor, by raising the -

=T | g
Table 26, booasise sometimes &
o once in Table 19. t

-



J ) e | : 11
. ver. Floods ocoyr quite Thé drain, of the
that . ' central
g oftep mmﬁ for a“o g« (which may be likened to a ver ﬂntnar:a
i 9‘ y serioyg in  shallow basin with a hollow Pression
TRy = Cuntan i S, Lowaris. the
-4 n ot and the adjoining swampy
Table $3—Classified list for Area (B-3). :.::’d, l:h«: A:t'i:'ll. thc"Jumnu.gtlu- Nngl;)r
- d severa er small streams flow into
‘ ~g_. } "'m"' 3 ‘: Total. this area, and rainage takes place slowly
5 Illrough. the water-logged and marshy
o : - W ! . ,.‘glq.aresmonn;_!he water ultimately finding
pec. -l Pe 5 ° yits way out into_the Brahmaputra. TPhe
: " 4 . s . » level of the bil area is being continually
b < : . rai by depesit of silt, and consequ-
N o s o w | 1"  ently the river channels are steadily

The riparian tract on the left (north).
bank of the Gﬁg‘s is also extremely flat
lowlying. ring the rainy season,
:’]ﬁl&etﬂe Ganges often rises high-

ef th level of the snrrounding
country, and “ sends in_s*eonsiderable

., volume of silt-la water into the bil
area; floods cau by an actual over-

flow of river are'therefore nog rare.
_+As will be seen from the a table,
hgfoccur very fl‘ﬂ]uontly,_g‘rticnlgr-

ly togards the end of the rainy season,
qu. are usufilly of slight or moderate-
_intensity. -«

_ ' Table 24— Classified list for Areas

W (C-1) and (C-2).
_I'. en: Severe. | Mode- | Slight. "
Q-f 170" o || @ ™
p i . - -V . 1
:: ﬂ . v 1 l. 4
: 3. T
‘. Total .. ( Lt € ',

| : vy ¢ _— &
TB"lorth’eatem coun areas
o1 kd C‘a miu:wd n:ﬂt‘ﬂ,"ﬁgp-
er level, . 48 well drained a net-

A of fai active rivers. Floods,

rrence, have begn*"
R iy
ion, and have been so

b

»
very heafy local ¢

deteriurating.

Local precipitation is the most in
tant direct cause of floods in this
while obstructions to d
orartificial, constitute the most, nnportant
indirect cavse. “Water comin 2irom the
north is not a factor of great. wrtance,
while a high level of the Ganges or of the
Brabmaputra also do not appear Lo exer-
cise much direct influence. The latter
factors can aggravate and prolong ;the
duration of floods to some extent, but can-
net by « themselves,cause a flootl in the
central area.

l'l)l‘-
d areq ;
rainage, natural

Floods have been of comparatively rare
occurrence in the past, but now that the
drainage is steadily getting worse, are
likely to occur in futire with greater
frequency.

Flood Frequency.

The following table gives the number
of years in which floods had occurred 1n
North Bengal during the period 1570—

, L.e., I 55 years. Nometimes more
than one flood occurred in the same vear;
40 column (2) such cases have been en-
tered only once, under the most severe
eategory; while in column (3) such years
have been effered more than once under
*each appropriate category.

Table 26—Frequency of Floods.

5 Iy

1
or prol by serious 2 - | o
o ‘ & Mr by railway , 7 Nusber | 2
~embankments. _ ¢ P . 3 Nature of 866d: of years | o moed.
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It
of some kind or other are li
in North Bengal a little more y
than once in every three years, or almost
practically in every alternate year;
moderate or severe floods about once in
four years, and se~®re floods about once
In seven Years.

Catastrophic floods are also recorded to
have occurred in 1787, when the course
of the Tista was diverted eastwards’, and
in 1820, when the channel of the Kara-
toya was profoundly modified’. Catas-
tophie floods thus appear to have a fre-
quency of two or three per century or
about once in 35 vears.

Severe floods are recorded to have
occurred in 1835 in KRajshahi and other
parts of the country’, in 1564 in Rajshahi
and Bogra, and in 1865 in Rajshahi.

Frequency of floeds in other countries.

In the US.A | in the extreme upper
Ohio river, a flood stage may be expected
about once in each year, over the middle
and lower reaches about once in one-and-
Schalf year, in larger tributaries once in
two years, in Mississippi and  Missouri
rivers once in two-and-a-half years; in
the lower Mississippi river and in the
Arkansas river once in one and one-third
years, and in Red river once in four years.
For severe Hods the  frequencies are:
upper Ohio 1 in 25, or 1 in 2 years; larger
tributartes 1 in 3, lower Mississippi 1 in
5, Arkansas | in 5%, and Red viver 1
in 3%,

Defining flods greater than the aver-
age by a specified amount as © great
floods “, A, J. Henry' states that the
records of both American and European
rivers show an average of 7 to 10 such
great flods per century. The Danube
has had 15 great floods 1n 175 years; the
Seine at Parvis, 22 in 271 years (1649
1919); the Neckér in Germany, 8 in 73
years (1524-—1019) . the Main at Frank-
u;n. K in 89 years (1831—1919); and the

to occur

hine at Coblenz, 11 great floods in 100 |

years (1819—1919).
Assuming that our category of * severe
floods " corres to Henry's category

existence of a cyclic period
great Hloods are repeated’, nor does the

in  which
mterval in years

bear any
successive

_In fact the occurrence of great floods
18 conditioned by the synchronisation of
a4 large number of factors. R E.
Horton’ bas explained that * the combin-
ation of causes which can produce an
absolute maximum flood is very much
more limited than the number of com-
binations which can produce an ordinary
flood ; 1 fact, it seems to me that the
occurrence of increasing magnitudes of
such events is essentially of the nature of
phenomenon of exhaustion. The larger
the magnitude of the event, the greater
the dithculty of its occurrence.”’

Although the normal curve is not at
all adequate for measuring the probab-
lity of very high excesses of rainfall;
still it will serve to give some idea about
the increasing difliculty of occurrence of
floods of increasing magnitudes. 1 give
below the departures of rainfall
(expressed in terms of the S. D.) for the
different areas, for the more severe floods
in North Bengal.

Table 27—Rainfall Departure (in terms
of 8. D.) for each area.

_between great floods
relation to the mtensity of

Year. e, l 1902, l 1908, I FLOLY 1922
Nunsber of days - v | - I = ] " T
ron - 2 A-| AL ‘ﬂfk ‘*'i:_" S_{-
Area affected Ag:‘l'..' s gt“
P pi | 1| 38 '5 238
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?:-ﬁud‘-m ( magni ‘rain-
the S. 3.). we get the following otbrvsz
1922 (+11:74 in C-3), 1918 (+6 85

in C-3). ;

1892 (4572 in A-3), 1906 (+4-l§
in A-2) s
1902 (+2-17 in A-3).

It will be noticed that the order of
- intensities of the floods is also the same
as " that given above. The excess
departure s thus a convenignt feasur:
of the severity of the rainfall, ane
hence also of the intensity of the flood
New the probability of occurrence of
any given departure increases very
rapidly with the magnitude of the
departure’.
Hence it is clear that the probability
of occurrence of great Tloods diminishes
very very rapidly with the magnitude of

the

Prevention of fleods.

It will be going out of my province
*to discuss the question of prevention of
floods. T merely wish to note a few
points in this connection.

Preventive measures may he con
sidered under four heads :—

(1) Erection of retarding basins,

(2) Erection of embankments,

(3) Tmprovement of surface drain-
age, and

(4) Educating the inhabitants to

take precautionary measures,
and the issue of flood warn-

ings.

boComiizin:um in North Be: do not
wever appear to be at all suitab)

tl'na Inet.hmi We have seen tln: fg
w Bengal floods occur just where the
Weaviest ﬂl*ﬂ fall, and that water com-
ing from adjoining areas is usually not
® facthr of great importance, The
Matural lie of the count#y is also such
that the chief ~purpose of retarding
basins .is automatically achieved.” The
rainstorms weually advance from south
to north@while normal drainage is from
north to south. 8o that a portion of the
flood water in the south can easily get
away before the heavier precipitations
in the north can come down. We have
also scen that the actual site of the
heaviest  rainfall fluctuates  very
irregularlv  from season to season
Taking all these into consideration we
must  conclude that the erection of
retarding basins would not serve any
useful purpose in North Rengal

(2) Embankments.—In the riparian
tracts some protection might be given by
the erection of embankments, but this
remedy is not available for a large area
in the central districts. The inevitable
result of the erection of river embank-
ments will however be the raising of the
river beds, which in its turn will lead to
a  progressively rapid. deterioration of
the other river channels in North
Bengal, and will also make it increas-
ingly difficult for the water in the
central area to get away at all
Embankments, at best will therefore
prove only temporary expedients, and
are likely to make fhe situation far
worse in the long run®. They will also
be quite ineffective over a large part of

the country. ..
— -

Bengnl "' (J. A.8. B, V,
M-‘vﬂ. '.:




water in the central area.
Attempts should be made to remove (and
prevent). as far as practicable. artificial
obstructions to drainage, such as rail-
way and road embankments, and to
ensure the provision of a sufficient
rumber of culverts and openings Yor
the passage of flood water. TImprove-
ment of existing channel and systematic
river-training are also likely to prove
nseful.

(4) Precautionary measures and
flood warmings.—It must not however
be forgotten that the basic difficulty of
the situation lies in the comperatively
low level of the central area. which can-
not be remedied by anv artificial means.

Floods of more or less severe intensitv _

are sure to ocenr until the level of the

conntry is sufficientlv eaised. and a
stable hvdrological régime is estab-
lished.

It would be _ necessary therefore to
advise and educate the inhabitants to
adapt their life to the changing condi-
tions: to build their houses. as far as
possible. on hich orounds: to make pro-
visions in their houses for raised plat-
forms where human beings mav take
shelter during high flonds: and also to
construct raised monnds in the villages.
where grain and valnable bproperties
mav be removed in times of danger.
This plan has met with considerable
success in America, and also in certain
other countries. and there is no reason
why it should not succeed in North
Bengal also

Flood warnings.—Much could also
be done by the issue of timely warnings
for mitigating the evils caused by
floods.

The Indian Meteorological Depart-
ment issues warnings of storms and
heavy rainfall to 74 police stations and
31 distriet and swbdivisional officers in

lh. 1l D. C. Bates, ugwu:'o.
m - X »
w Zealand ** (1919) huo vores

the records of rainfall in the
!)asma,_ and (¢) the actual rise of streams
in their upper reaches. Owing to the
n uncertainty, especially in
of locality, in forecasting heavy rain s
the first mentioned method is only ap-
plicable in a general manner, the second
source of information is nndoubtedly
capable of development by provision of
more observing stations® and improving
means of communication of records®,
but the actual rising of the river affords
the most certain and striking means of
forecast, not cnly for the time but for
the height of an inundation *.

Conditions in Tndia are in manv
wavs similar te those in the United
States of America, and it mav not be
out of place here to give a brief deserip-
tion of the sreanisation of flood warn-
ines in the latter country.

For purposes of administrative con-
trol. river and flood service is organised
under the River and Flood Division of
the Weather Burean. For forecast-
ine, the division is divided into 68 dis-
trict centres, to each of which is as-
signed one or more rivers. While
special attention is directed toward the
issue of flood warnings. a daily fore-
cast of the rise and fall is made for
those streams on which navigation is
carried on. The total number of sta-
tions makine daily readings of gange
heights for at least a portion of the
vear is 542 (in 1922). The number
making occasional readings is 75,
Most of the eange-reading stations are
also rainfall stations. The rainfall
measurements of all classes of stations,
of which there are abmt 4,000 in the
TTnited States. are available for Hydro-
logical Studies® During the last 30
vears, at least. tt':i i:ue of ﬂfoo‘f‘l w::::
i in the Uni tates o me!
A : to have been almost uniformly
successful. In  the beginning the
authorities were charged with unduly
alarming the people of the threatened

North - Bengal. are

based on the daily weather chart, and
(1%) Thia s not

A few more stations in

w-.—‘-m.‘---—wh““"‘

stations send rainfall roport by telegram on the
ﬁn (1921), published “by the United Statcs



casts has * however brough

wholesome change of attitude, and fore-
casts are now readily accepted and act-
ed upon without question”. Organisa-
tion of flood warnings on the lines of the
Lnited States Weather Bureau is
feasible, and is likely to prove quite
useful in North Bengal.

River gauges are at present main-
tained at Gauhati on the Brahmaputra,
and at Mirzapore, Benares, Duxar,
Dinapore, Monghyr, Rajmahal, Rampur
Boalia and Goalundo on the Ganges
There are no gauges on any of the other
rivers in North Bengal. In case the
issue of flood warnings is serionsly taken
up, it would be absolutely necessary to
start and maintain a large number of
eauges in all the important rivers of
North Bengal, and also to arrange daily
telegraphic - communication of gauge
readings as well as of rainfall informa

tion to a central office.

; | A few more
rainfall stations would also K:m -
¥

ful. - Arrangements will also have 1o be
made for the analysis of (he gange

readings and rainfall daty {, \
of flood forecasts, s

The witnt of reliable flood records s
A great handicap. Considering ity
importance, it would be desirable to
make arrangements for the  svstematic
“mpilation of a flood register in future.
The date of occurrence and subsidones.
the period and character of rainfall, the
area affected, and the nature and extont
of damages are some of the points  on
which information shonld he  wathered
from all over the countey, and the avail-
ahle information compared and analysed
for record in a consolidaced  pogistor
This would take time, and wonld involve
A certain amonnt of recurring expendi.
ture, hut wonld nrobahly [ worth 9
good deal more than what i wonld ost

(') New York Herald, April 29, 1922, noted that “the work of fomcasting the water stage at varions pointe

between Cairo and New Orleans is helpful, as it gives timely wamings when the peak may bo expected. The degrve of
sccumcy attained by the Burean in remarkable,  For example, between 425 and 43 foot was fomenst for Memphis by
the end of Mareh, - On March 315t and April 1at the stage was 426,

The amonnt of property saved in the United Staten of America theough the issie of Soel warnings is often consider.
able, - During the Spring Floods of 1922, the value of the property saved has boen estivated t 000,000 dollars (ngninut

an actaal loss of 7,000,000 dollars), The estimates were

on information obtained from relinble oures, snd may

be taken s approximately cormeet  Nune of the estimatos was made by any Weather Hurean offcinls, (* Spring Ploods

J 1988" pp. 29),




Part II
Description of Floods



" (Map Nos. 4/1870/1 & 5/1870/2)

August at many places in North

The Amrita Bazar Patrika (transia-
tion).—

July 21.—Flownds ave doing much harm in
many places. Pabna has been flooded and awe
and amen crops have heen MM“‘.

Awugust 17 —This year north and south
Benygal have been flooded severely.

August IS.—Ome correspondent writes from
Pabna that crops have suffered severely from
floods. Rice is selling at & Ligh price.

Bengal Administration Report, 1870
ipage 47)

In the mounths of July and August the =in-
fall was exceptionally high, espeeially in the
northern and eastern districts of Bengal : and
this led to inundations over a lange extent of
country in those directions,

Patna hrision —1In the Patna division. the
districts which suffered most were these of
Chumparun and Tirhoot.  Of the former, a
great portion was inundated by the overflow
of the Nurainee, or big Gunduek: and there
was much  destruction of crops, especially
indigo. The latter district sufiered from the
overflow of the small Gundack and the Bhag:.
rittee rivers; the crops suffered, and the rords
were unusually cut up. A spill from the
Soane also inundated a portion of Shahaiad
viz, all the country between the river and
Arrah, The damage cansed wis nowbers so
Severe as to cause any serious distress, In the
Baungulpore division the crops suffered -cme
injury in the distriets of Bhavgulpore and
Monghyr from the overflow of the Ganges.

Bhaugulpore  Division —The district of
Purneah suffered more severely from the flood-
mg of the Punar river, which was at first
supposed to have heen aggravated by a buwd
erected on the river Behra for the preservation
of the station of. Purnenh. It was found on
Inquiry, however, that the bund had in reality

n the saving of the distriet on the left bank
of the river. Much damage was done to the

Er_urn. but not to such an extent as to cause
is ;

. Rajshahi Divivion—Tn the Rajshahi divi-
fon, the inundation of the Pudma cansed
Ereat dumage to crops in the Moorshedabad
trict, espaciully in the country, round
huewangolah, where some distress was fel,
ief however, when Hecessary, was mnp(ly
ﬁ""."ulem!. with the ussistance of tL neigh-
PalU& semindars. amage done in the
‘:""s":"iftm, in the :li:::tia- of g...:'mu,
ange, was great ; ers,

rvat small, the Ganges, Brahmaputra,

Raintall Analysis.
In July very heavy rain fell at Buxa,

the actuad amounts l.u‘.g on the
1700 inches: 2nd. 999 inches: Tth.
1550 i"l h!',\. N[h, 9'«‘ i‘u'hﬁ. “'
1850 inches; Mth, 10 50 inches: i1th,
1200 inches: 13th, 1390 inches: 14th,
500 inches; 24th, 650 inches: the total
for the whole month being 13500 inches
or an excess of over 216 per cent. The
rainfall i Upper Assam was also in
lirge excess T}w level of the Brahma-
putra must therefore have been excep-
tionally  high. The rainfall at Dur-
jeeling was not excessive. was in faet
helow normal, the only heavy fall bei
$:5% inches on the 21st. At Jalpaig
the excess was 36 per cent., the heavy
falls being on the 1st, 375 inches;

525 inches; 6th, 817 inches: i1th, 359
inches; 13th, 536 inches At Rungpore
the excess was 119 per cent., an the
heavy falls were on the 1st, 400 inches;
2nd, 4 24 inches; Tth, 375 inches; 13th,
300 inches; 14th, ﬁ-l;ﬂsllm'bﬂm aj-
yore had an excess o per .

t')m' heavy fall of 385 inches on the 7th.
The rainfall was in slight excess at
Malda 19 per cent. and at Pabna 8 per
cent., hut was actually in defect at
Boalia by 10 per cent., Natore 6 per cent.

£
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dations in Bajshahi as in other districts that

z week of  September
ably  greater rainfall than  the ¥
Mmoerage occurred in the east. the eseess
varying from it 3 per cemt. e o
:\ per cent. vy falls were om the
el 304 Tnches at Gailwhdba: on ghe
3rd, 600 inches at Natore, 5 inche
at Buxa, 3-70 inches at Rungpur; on ghe
#th, 546 inches at Darjeeling .‘m-bzu <
the Sth 401 inches at Pabna
From the ¥2th to the 16th rainfall was
large excess thronghomt the  south

z

" eastern portion of North Bengal, actual

entage departure being Malda 1396, 3
fonlia 101, Pabma 295 Sirajgan) W65
Bogrg 207, Gaderdha 208 « Pinajpur
153 afd Rungpur 635 Heavy Talls were

i

437 wmches ot Parjecling on the Bh,
598 inches at Gathandha en the 1ah,
32 mches at Bogra on the 15th  and

348 mches at Bmajpur on the  Wrh
Rainfall was bowever again  below
normal in the north.

From the 23rd to 3th, rainfall was m
1 or moderate excess over the central

of the area but was in defect at

(--10) and along the Ganges at
ia (- 42) and st Pabma ( )
i S20anches on the 2nd,
i 390 inches amd Darjeching
on the 23rd and Buxa 4080

I

i

H
]
¥
:

”thd“w-rnuuu_u
showed eRees WA
Mfm"m" vent.
south-cast. Iln‘dﬂu'" guri was
h“”‘r"-‘ at Buxa by
19 per cent. -

We thus sec that the local rainfall



the

calamity in the district is quite un dented.

-Inz ;l life miun:‘a b :’ho '.Jj::ll::ll
houses and specinlly by that of the mu

ones is -ulmt the injury to eattle is beyond

ption, ¥

The Adminigtration Report says—

Rajshahi is subject to tloods caused by the
annual rising of the Ganges, und often aggra-
vated by excesive minfall,  In moderation,
these annual inundations instead of being a
source of mischief are of the greatest possible
benefit by fertilising the soil.

The Malda District Gazetteer gives a
more detailed description :—

These floods result not from local rainfall,«

but from an abvormal rise in the rivers, of
which the most important is the Ganges. Most
of the rivers, and streams which flow through
Malda take their rise in the northern moun-
tains, and are therefore pecalimly  lLable to
sudden freshets caused by the melting of snow
and excessive rainfali in the hills. The crops
damuged are the bhade: and aghan, particu-
larly in the diara and the lower portions of
Tulshihata and Kharla thanss. Much damage
inalso done to the mulberry, as a flood renders
the leal useless for feeding the silk-worm, As
a rule floods are vot accompanied Ly direct
loss of human life or cattle, The main loss to
property, other than standing crops, is, that
in the diara tracts the floods cause changes in
the main stream of the river, with the result
thut areas of cultivated and homestead lands
are cut away by the river, and the inhabitants
of whole villages are reduced in a night to the

ition of landless labourers. On the other
and, of course, new chars form, and the layer
of milt which a high Gan flond  deposits
everywhere ensures as a rule good crops for
several suceeeding years

In August the main source of danger
was the rising of the Ganges. The
Amrita Bazar Patrika has the following
(week ending August 26) (transla-
tion ) & - : .

A corres Rajshahi writes that
they fear m‘.t:‘qh::y lbj washed away by
the Padma (i.e., the Ganges) at any moment.

o
%

diree-

Evideutly the exceptionally hi

of the Ganges was l.heptchief mnt‘rsnhbul&'r'vl :
read and | conti
nued excess of rainfall 'rn‘\'r?;ad th: g
situation. If rainfall had normal,

« the Ganges in spite of its high level

might have succeeded in carrying away
;:l“ tm:b& I the river level had

I nor excess water might have
drained off through the normal cﬁnnelu.
But the two together produced an
exceptionally severe flood.

It uho;lld_bl; lxlloted that the actual
excess of rainfall was never very hi
but with the rising of the Ganges uJ' gh;
g:;::i of it accumulated and ca the

In the first week of September rainfall
at Boalia was in defect. It is signifi-
cant that the following appeared in the
Englishman on the Tth . —

The Jatest accounts from the flooded
districts of Bengal show that the flonds are
everywhere @bating. The people seem to have
got over the floods pretty well and they are
apparently accustomed te be inundated more
or less every year, There beeu some harm
done to the mads in Rajshghi.

Witk the increase of rainfall later on
the floods also increased in intensity.
This shows that the drainage was almoss
balancing the normal rainfall. Even a
slight casing off of rainfall led to a
partial subsidence of the floods while a
shight strengthening caused an increase.

It seems clear therefore that when the
Ganges level is above normal severe floods
in Malda and Rajshahi are likely to
oceur t h even a moderate excess of
local rainfall. ;

It must also be noted that the rainfall

ie, in “
north was not an important factor. '



. (Map No. 7/1874/1.)

Moderate floods occurred in Rajshahi
and Pabna. The Amrita Bazar Pi:rika
wrote (translation):—

Week ending September 10: In the morth-
western part of the country the Gauges flooded
the fields into a vast sheet of water. Water is
steadily rising, he Padmu_swelled so much
that Goalundo is nearly under water and muny
parts of Pabna have "1 WIS away, and
erops have been destroyed....... Gradually the
water will spread all over Bengal and if the
water of the Ganges incrcase at this rate then
within a month a®great floed will occur in
Beugul.

Week ending September I4: At Iabna the

water rose abnomally and destroyed all crops.

During the period 29th August to Sth
September rainfall was above normal at
several places: the excess percentage
being Natore 178, Pabna 41, Bogra 16
and Jalpaiguri 17. Elsewhere it was
normal or in defect. Heavy falls were, on
the 3rd Natore 3-14 inches, Jalpaiguri,
495 inches: on the 4th and 5th Natore
3-45 inches and 3-39 inches; on the 7th
Jalpaiguri 3-32 inches.

From the 9th to the 15th September
there were heavy falls throughout North
Bengal.  Chief amounts were on the
10th, Dinajpur 3-26 inches, Chanchal
5-84 inches, Cooch Bihar 360 inches; on

the 11th Jalpaiguri 524 inches,
Gaibardha 3-00 inches, Cooch Bihar
340 mnches: on the 12th, Jal aiguri

6-60 inches, Cooch Bihar 3:78 inches: on

the 13th Gaibandha 3-00 inches: on the

I5th, 4-58 inches. The excess was from

100 to 200 per cent. at most places and

Bver 200 per cent. at Jalpaiguri and
uxa.

The levels of both the G and
the Brahmaputra were ly high.
The xmbr:dmg. (for which records
are a from 1874) at Buxar,

Dinapore (87 miles from Buxar),
M 197 “miles), 201
i A e o b

( miles) on the Ganges and
G"lh&ihm the Brahmaputra amply

The mi readings over low water
before the flood were 228" at l‘;unr
i S, Disspore. oo
n'y at .Mgnngo"on‘-lb 19th,

e
.~

) 7" at
foage on the 2nd, 26'3" at Ram
14 on the 5th and 20'1”

on the 16th. A considerable volume of

water, was also coming down the Brah-
Imaputra. . At Ganhati the auge read-
ing rose from 22°0° on the lglh A

to 7°7}" on the 7th September. is
1!30 explains the persistent character of
the high level at  Goalundo where the
practically npever fell
throughout the month of

gauge reading
below 1977
September.

The excess rainfall was confined, it
will be noted, to the extreme south-east
and the extreme north and was never
very large. The flood in Pabna mmust
therefore have heen mainly due to the
high level of the Ganges aggravated, no
doubt, by the high level in the Brahma-
putra coupled with the local excess in
rainfall. The Ganges evidently failed
to carry away even the slight or moderate
excess  of rainfall and consequently
caused the flood by backing up the rain
water.

It is interesting to note in this connec-
tion that several heavy falls occurred
between the 25th and the 30th September.

On the 25th, Boalia had 335 inchea,
Malda 314 inches; on the 26th Buxa

4-42 inches, Darjeeling 3-47 inches,
Gaibandha 300  inches, Rungpur
4-13 inches, Bogra 3-30 inches, Malda

6-14 inches. Chanchal 5-64 inches, Cooch
Bihar 5-74 inches: on the 28th Jalpaiguri
6-57 inches, Darjeeling 4-84 inches. The
excess percentage was Darjeeling 868,
Chanchal 585, Malda 486, Jalpaiguri
357, Nator 268 and over 100 per cent
nearly everywhere else. But apparently
all this water flowed away without
causing serious floods.

The gradient of the rainfall excess was
from n%nh-wm to south-cast and thus
T

y
to spread n':\d flow away through
normal channels without accum
The railway lines were not in existence at
that time and apparently there was no
obstruction to a smooth even flow of the
water from north-west to south-east.



The Amrita Bazar Patrika records a
slight flood in Pabna towards the end of
August :—

w f:i (translation): Floods are g.:
I::n suffered imhl.

Rainfall was in slight or moderate
excess in the south during the whole of
August, actual figures being (‘hanchal
02 per cent,, Malda 4 per cent, Boalia
17 per cent,, Nator 13 per cent., Sirajgan]
33 per cent. and Pabna 58 per cent. In
the north rainfall was in dcfect.

Towards the end of August heavy falls
occurred in the south-cast corner. (Chief
amounts were on the 24th, (‘ooch Bihar
420 inches, Rungpur 492 inches, Bogra
370 inches, Pabna 4%0 inches, Sira jganj
350 inches; on the 25th Buxa 330

gauge

level of the Ganges was steadily rising
throughout the month of August. 1t
became 318" at Buxa, 2610" at Dina-
pore, 263" at Monghyr, 289" at Saheb-
w on the 11th, 253" at Rampore

ia on the 12th, attained a height of
21’4 at Goalundo on the 10th and was
actually washed away on the 20th. At
Gauhati the reading was highest, 27'6°
above low water on the 8th and the 9th.
At Goalundo the gauge reading remain-
od above 20 almost throughout the
month.

There can be very little doubt that the
present flood was again a river
aggravated by heavy local rainfal's and
was chiely due to the _failure of the
Ganges to drain away the flood water.



ug ‘émﬁgm- £ be moderats
The Amrita Bazar Patrika writes
(week ending August 28) :—

Doleful accounts of the approach of a great
inundation are reaching us from several parts
of the cour 'y, A Rajshabi correspondent
says. “Water (in the Ganges ) is inereasing
alarmingly this yvear. A hittle above ong foot
of water more aud the whole town will be
washed away.  The dumage caused by the un-
usual flood can better be  imagined than des-

cribed.  We have a dreary prospect before us
indeed.”

Rainfall Analysis.

Rainfall in the north from i6th to
20th Aungust was very large, more than
100 per cent. in excess at most places
and more than 200 per cent. over a large
area.  The excess was at  Meckhle-
gan) 201, Mathabhanga 221, Din-
hatta 315, Kurigram 260 north of the
Teesta and Jalpaiguri 155, Nilphamari
322, Rangpur 253, Dinajpur 152, Gai-
bandha 185, Panchbibi 194. Churamon
175, Chanchal 224, Mahadevpur 156 and
Sherpur 159 to its south.  Heavy falls
were on the 16th, Panchbibi 3-73 inches;
on the 17th, Churamon 350
Dinajpur 3-06 inches; on the 1sth,
Rangpur 313 inches, Chanchal 532
inches, Dinhatta 415 inches, Matha-
bhanga 3:65 mches; on the 19th, Buxa
436 inches, Nilphamari 552 inches,
Dinhatta 455 inches, Meckhleganj 300
inches, Mathabhanga 304 inches; on
the 20th Kurigram 328 inches, Nilpha-
mari 3-11 inches, Cooch Bihar 335 inches,
Meckhleganj 686 inches, Mathabhanga
412 inches; on the 21st  Jalpaiguri,
512 inches, Kurigram 338 inches,
Dinhatta 3-75 inches.

As a consequence the level of the
Brahmaputra remained — exceptionally
high throughont August and September.
The gauge reading remained at 30-40
feet over zero for three successive days,
21st to 23rd  August and practically
never fell below 25 feet.

In spite of the heavy rain in the north
no fleod appears to have occurred in the
land lving to the south of the Teesta.
The Teesta and its tributaries were
evidently functioning well and succecded
In carrying off a large volume of water
from the north. The central area also
was free from floods showing that the
flow of water from north to south over

the Nagar and the Karatoya basins was
even and smooth

inches,

tion of

o e j;‘;‘:*mm t the
st lines  had : o
eXistence, " oy T oot

much more
It seems probable
W construction of
natural drainage

extensive at that time,

therefore that before t)
the West-East lines the
o.f the tract between the Teesta and the
Ganges had been sufficient 1o cope with

even a - large excess of rainfall in  the
north.

As will be gathered from the above
analysis  the fHood in Rajshalii was
ulmn.x.l entirely due to the high level in
the river Ganges.  Exceptionally heavy
rain fell in July and August at Morada-
bad, Bareilly, Shahjahanpur, Naini Tal,
Almora, Gorakhpur,  Muttra, Etah,
Farukhabad,  Partabgarh, Chakrata,
Mussoorie, Dehra Dun, Jalaun and Lalit.
pur, the excess in many cases being con-
siderably over 100 per cent. (Report on
the ."l'l:'urn/u!ly of India for 1579, pages
150, 144). In August there was an excess
at most stations in Bilar, and especially
at Purneah; where, on three days, heavy
falls were registered, #iz: 5%3 inches on
the 6th, 522 inches on the 15th and
479 inches on the 20th.  Towards the
end of the third week other stations also
received heavy falls.

The level of the Ganges rose very con-
siderably in the last week of August and
the gauge reading became 31 feet at
Mayapore and 2550 at Benares on the
11th, 2375 feet at Buxar on the 12th,
20-55 feet at Dinapur on the 13th, 21-62
feet at Monghyr on the 14th, 2366 feet
at Sahebgunge on the 16th, 21-66 feet at
Rampore Boalia and 20 feet at Goalundo
on the 17th. At Rampore Boalia and at
Goalundo the level continued to rise
steadily and remained over 23 feet and
20 feet respectively for a long time.

During the period 16th to 22nd August
rainfall along the Ganges basin in Raj-
shahi was only in slight excess, actual
yercentages being  Malda 12, Rampore
'lkmliu 13, Natore 20 and I':Ihll:l‘ 24
There were no exceptionally heavy falls

The flood in Rajshahi was thus a
tvpical river ilood primarily rxlllscwl'h)
the heavy rainfall in U 1" and Ri |'.|r
aud the conssquent rise of the Ganges
ievel.

© waterw he Sars-
Parbatipur line had alﬂ: e




pur 131, Muttra 82,
167, Furrukabad 241, Etwah 116,

_The level of the Ganges rose excep-
tionally high. Lhe gauge-reading rose
10 40-92 feet at Mirzapore and 3567 feet

on the Yth August, 32-70 fect at Dina-
pore on the 10th, 2517 feet 11 Rampore
Boalia and 20-33 1eet gt Goalundo on

the 18th. At Rampore Bolia the level
to rise until it attained a
value of 27-08 feet on the 9th September
after which it gradually subsided. The
level of the Brahmaputra however
to have been not far from nor-
the G . uhati gauge fluctnated
between 19-5' and 24’ during the month
:lighﬂqntemher, and was not abnormally
In September rainfall was above
normal almost throughout North Bengal
except in the extreme north-east. Heavy
falls were on the 1st, Buxa 3-64 inches,
anj 6-568 inches; on the 2nd,
Dinajpur 5-67 inches, Dinhatta
462 inches, Cooch Bihar 4:45 inches,
Mathabhanga 3-94 inches; on the 3rd,
Pabna 4-92 inches; on the 4th, Darjeeli
488 inci Nilphamari 3-87 inches,
Panchbibi 21 inches, Meck
325 inches; on the 5th Maldah 3:15
inches, Gajol 3756 inches; on the 6th
Sibganj 4-02 inches; on the 7th Nator
300 inches and Pabna 3-95 inches. After
a short break in on the 12th, R‘_"E‘I;e‘:’
310 inches, Mathabhanga 3-21 inches;
on the 13th, Jalpaiguri 568 inches
and Kalimpong 300 inches; on
the 15th Jdpllﬁ-l'i 355 inches;
the 16th, Buxa 4-44 inches; on the
bN’ﬁ.on 775 inches. After lmthel'
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and v heavy falls
numerous ' ery vy 384 i :
Raiganj 4-78 inches, Dinaj 490
inchea . J guri 708 ..ﬂ, Sili-
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very beavy flls occurred, ~ Oby
rler o partial bsdence o the
following the break in rinfllfrom
17th to the 2nd. 1t brings out clearly
the - critical balancing between rainfall
aud river drainage in the flooded ares,
The peculiar southerly dip of the rain-
fall line near Dimjpuz »Kowing Conr
paratively heavy local rainfall n that
ton, and the consequent occurrence of
: m should also be carefully noted.
Fhods ke ew sl thee eluiing 1 gyl o e ke ht in op-
' subsiding in many places . :
P i epe il i il tenbe “"‘"d'"b"ﬂ oy of ﬁ'"‘{&“
rotire wholly,......... Rajshahi, Maldah and  in the central area fow uway il
jpur have.......... seriously suffered by out causlnf a flood, probably owing to
e the good drainage offered by the Brah.
maputra. The Nara-Sirajganj (1913
This report must-of course have been  15), and the Santahar-Bogra | N03-0)
written before the 24th, the day on which lines were not then in existence.




1886,
(Map No. 10/1586/1.)
The Awmrita Bazar Patrika—weel

_ ending 23rd September - —

.

Heavy rains and floods have all but: destroy-
B R Rt s e .
in g ia, a and
Maldah............. Houses of several lakhs of
have been washed away. Ihese aimost
y belong to the agricultural classes,

The Bengal Administration Report :—

The flood in the G at Rampur Bauleah
was  abnormally high during the year
I886, causing o breach neur Kalifola,

und uecessitating the comstruction of a
retived line of embankment ot Nawab.
gange. The floods in the Jessore district
were less severe than wusual, but damage
was nevertheless done to the Caleutta and
Jessore road.  The viver (foomte, in the
Tipperah district, overflowed its embankments
and inandated the whole country, causing
da to the Chittagong Trunk d near
the Meghna. In the Dacea and Faridpm
districts: there were ulso high floods which
submerged most of the villages in those parts
and did much damage to the district roads

and bridges.

The diversion road from Mattigurrah to
Kurscong at the th mile was washed away by
the heavy rain which fell during October; the
unusually heavy rains of June, July, August
and September eaused serious landslips on the
Hill Cart Road, Peshoke and Teesta Valley
Roads, and damage was also done te the
suspension-bridge over the Riang Jhora on the
latter. A heavy slip also occurred on the Hill
Cart Road at Tindariah, which blocked the
main drain of that place und caused other
mischief,

Rainfall Analysis.

‘ .

Rainfall was very heavy on certain
days in September. On the 7th, Raiganj
had 541 inches, Buxa 336 thNj on
the Sth, Nator 510 inches, Raiganj

. Rangpore 330

_ RLIIETT
inches, Kurigaon 4-19 inches, Chanchal
402 inches, Dinhatta 354 inches on the
10th, Dinajpur 4-53 inches, Ba.iurghu
474 inches and Darjecling 395 inches
The excess was over 200 per cent. at

most places in the south, while rainfall

was actually in defect at most places to
the north of the Teesta,

Heavy falls again occurred towards the
end of September. On the 23rd, Maha-
devpur had 540 inches, Alipur Duars
4-518 inches, Gajol 423 inches, Cooch
Bihar 382 inches, Meckhlegan; 347
inches and Mathabhanga 397 inches:
on the 24th, Naogaon 310 inches,
Churamon 395 inches, Balurghat
625 inches. Darjeeling 316 inches
and Panchbibi 337 inches; on the 25th
Rangpur 387 inches, Nowkhilla 342
inches and Dinhatta 55 inches. The
Teesta must huve risen very high.

Ganges level above Rampore Bualia
rose very high towards the end of August
aud the beginning of September, but fell
rapidly towards the end of September.
At Rampore Boalia and Goalundo it re- *
mained high, practically above 23' and
20" respectively almost throughout the
month. The level of the Brahmaputra
also was exceptionally high and the
za reading ai Gauhati registered
above 25" practically throughout August
and September.

Heavy rainfall in the central arca is
Iikely toycaun extensive floods in Maldab
if the G‘::f‘ level is high, and in

n

if the B utra level is high in
i’ahm ileithl:rpdzhc two river levels is
high



vision 1o 1890,

The Pabna Distriet Gazetteer .-~

ﬁmmh‘vyluodg in the Sadar Subdi.
In the town of Pabnu the
il and Crimiyal

Courts was flooded by the Ichamati, which had
ma,

Joined forces .with™ the Pad many
metal unmetalled roads were subme
ed and seriously damaged. - Almaost the ‘lmr{-

right bank of the Iehamati to proteet the town
from further inundations.

Rainfali Analysis,
In July, rainfall at Pabna itself was

below normal althongh heavy rain fel]

at Rampur Boalia
uEmon
above normal to the north of

and Sib'fanj higher
the Ganges. Raiufall was also

Pabna but
only to a slight extent. 1n A t
rainfall was bﬁow normal thronghout

the southern districts. From the 20th
to the 31st Au ust rainfall was above

normal at many
* whicl

i

J

uly.
versed Northern
month

places 'but ?l’e ?T]‘
very exceptional in the rainfa
can explain the Pabna flood.

Heavy rain, however, had fallen

the Ganges in throughout

A series ofls dgopmgom tra-
n

3 “ either

h 25. inches 3

284 (116 pe

I-L::su), Inhl:'n;"‘-l)z-l-:iﬂ inches ¢} l!r
affarpur 23-02 inches | firs ihar
received an RVerage c-;rvu tvf’”}’-‘?’;n:l;::blii or
:i;; per ’r;{nt. above jt, normal  auseunt.
nrua ort the Mctenrole B
7y pay"e-gzs)' on the Motenpol, vy of India,

_ In August rainfall was below wormal
i North-Westery, Provinces, but Was
te excess ipn Bihar, heaviest
in the districts of
s (01 per cent. in CX0ess),

i per cent.) and
59 inches (60 per cent.).

The level of the Ganges must have
risen abnormally high which pro
ed to an overflow of the Ichamati. At
Rampur Boalia the gauge registered
2508 feet on the 5th August and remain-
ed above that figure, throughout the
month attaining an almost record value
of 26°21’ on the 26th. At Goalundo also
the gauge reading was above 21
feet  throughout the mouth, the
highest value being 22:33' on three
successive days 7th .l:;h 9th A '-'”1;’"2
Zauge reading at Gauhati reac) 27 -
;nuan(- 5th Land became still higher
towards the end of the month.
The slight or moderate _excess in the
central and southern districts
vated the situation to some extent. It
is significant however that *“ the rain-
fall of the month (Jaly) in Assam  was
in slight defect in the western districts

Brahmaputra valley "’. Rain-

?:ll in the northern districts (south of

also in defect. Water from
t'll;:“ l::.)'t:.:onld not therefore have been
a complicating sourc>. We conclude
that the Pabna flood was a local one and

was mainly a river, or more particularly,







.-rw_"'- e 3
o el
(Map Nos. 1n/msee/1 & 12/1502/2)
and severe oocurred

The
12— Owing to a rise in the river
&:: the railway  het Kurigra, d
gl b oo B T e i
to be de
e s ]
the Eastern Bengal State Railway at Kurl.
gram instead of ut Dharcla. O the M at
branch teafic has heen mterrupted the
simbking of o but arrangesents  have
been made to t Ip passengers and
The Behar' seftion of the Fastern B
M’h‘._.il:.‘v::b;lwn- Parbatipur snd Bai
'h‘hd two days from floods due to hesyy

rainfall in the districts north of the line
Saturday afternoon the river of the Hood waser
to the north of the line was rising u!u‘y and
in one place hetween Dinajpur and Chiriehan.
der the wuter wos 3 inches above rail lovel.

first bemeh in the line occurred on Satur-

gg 1;
H B

Hhere was nearly -b , w‘h"
um W brenchen wnd the telogrraphs,
.*. :‘.::‘A“ ml. all over the hank-
has heen entively tapped Mlb’:u I.l
: The inhabitumts huve hoen --h-‘-: -.::‘;

a larg. of cattle dawwned The

h o take wiuge on  the Turnprke

. Jatrapur 1o Raiganj
and .

less “-'lm- s ol ot fromm the Ttk

l" t;'::i for a distasee of 2 miles

Pwo hallust tenie. ate blocked ot Chirichan.
PaSehger train 2t R

Fuly = Flacds in Noeth Bengal
M 1 the Wipur and Kurigram See.
from. —ft that the wbsdiief began on

the line on the Teh imstant whee the avy

rains whieh lhad sously fablen Moced the

ot Wikvnadt, Whurly and Atre: oeatl

other streambets 1,

of the hills added 1o the catastrophe. €y the
instant the Atrai wmehed o e 0 1t ot
bani the shmtment of o baidge

about 6 mkes from Siliguri but by Satarday

: had

the

b mile wt r?w but it is hoped shat
' e ol by filling up the
i e o & from b ille
Sadisbgran ) Between Kurngram
urla two J-vrinﬂo bivaches, one of 120

fowt und one of 150 feet, have occurved.
duly 21: The Floods in Bengal —In the
4 u'-.l f.mrﬁn -‘oro:. the Teesta shows
signs  of  another "’”M
rise the water is not at present l;w
' t i ry 1% o o
& “&hdh‘-cl': :::ll.:‘: al presept
vewerd is within 6 inches of the
Bank and thic is comedered photo.



. dent writes to us under
yukuh‘y: date:  Letters received yesterday
to-Cay from Dinajpur would send & thri |
through the heart of everyone, You have
been  recently  informed by the Manager,
Fastern Bengal State Railway, that the truin
service between Raiganj and Parbatipur (in
the district of Dinajpur) has been teanporanly
suspen owing to heavy floods 1n that
district.  But you do not know what amonnt
of damage the recent flood has done to the
residents of the town of Dinajpur. The whole
old town was under water for 24 bours Water
n to rise on the eveming of Saturday last
at the tremendous rate of 13 feet per hour,
By midnight the town was submerged. The
next morning ot looked like one vast sheet of
water, the top of houses and trees only reliey-
ing the monotony. The quarter of the town
known as Kalitola, Marwari-bazar and Balu-
bari suffered most from the overflow. The
town of Dinajpar is cowmposed mainly of mud.
built, dutcha houses, Lml of these houses
gave way and many people huve been rendered
homeless. Some have taken shelter under the
roots of kindly neighbours and some in the
spacions building of the town police-station.
Xeept two infants and some cows no loss of
life is reported. The loss of money is estimated
at a lakh of rupees. Fortunately the water
began (o subside at 7 rom., on Sunday. [t is
certain that such a flood i« unprecedented in
the history of that town. Iu 1841 the town
was once flooded but the water hegan to sul.-
side after an hour and s half. The cause of
the recent flood is that the Teesta has flooded
its banks. The Atrai is a branch of this river
and the Purnabhawa is a branch of the Atrai
Purnabhawa flows down the town of Dinajpur
and the Atrai some 5 miles to the east of it.
Mails from and to Dinajpur ure now carried in
bouts und by runmers.” It is rumoured that
through railway connection cannot be restored
under & month.

July 19— The report that 5 bridges on the
Y u-r.- Beugal hl::u- Railway had been
away turns out to have been exag-
. Beyond Parbatipur 34 miles of
permanent way bave been inundated and
where the water has subsided 14 breaches are

i

to be observed Inlv;n 'Cal.nnrh::dv:w‘ and
Berole. At the miles o nr ion
a Si-feet by its west abutment

scoured out and the girders on that side have

been sunk A iles anothe
hridge is .h.::' Al‘bolf‘s;-: - o-'
t since

En et
number of cattle drown-
AR LT B

coun rom

washed the
i-"-'l-a"o.u':h's
e ekt e, Tes et
the eye showing very
waters must have risen.
recedod about 9 inches since

. i, a distance of 7
between the 13th n.m; 16th miles
L & miles at
he Barsoe and Kissengunge exten-
at present subsiding but
'.l.‘«“ month. The crops hn\":"::::n::l:.ﬂ.
wa ballast trains are blocked at Chirirbander
and o Passenger train at Raiganj.

The Hindu Patriot—

Iuly 28 —1q Dinsjpur the first intimation
of a flood was the overflowing of a small
stream Un!(n, on the afternoon of the 9th
instant. The greater part of the town became
submerged and matters gradually got worse as
might advanced. The people seem to have been
' & great state of panic und tried to cut the
main road wcross but this was put a stop to
l‘y l_ln- Collector, Ay 2 am., the District
Engineer found that the cause of mischief was
the overflowing of the Atrai river. The water
had risen to within few feet of the bund but
as the water of the Punarvaba was two feet
lower, the Collector ordered the bund to be cut
in order to direct the waters of the Atrai into
a different channel. This is stated to have
pructically saved the town for the consequence
would have been terrible if the flood had once
topped the bund. The railway on either sides
of Dinajpur was breached and a good deal of
destruction 19 nronerty is reparted not so much
among the poorer as the middle classes,

The District Gazetteer, Dinajpur—

Floods.—As to floods—though small local
ones, caused by the rivers overflowing their
baunks, are of slmost annual occurrence and do
more or less damage to crops in particular
localities—the only really serious one of which
any account has been preserved was that of
the 9th July I892. This appears to have been
ap inundation from the Atrai which by way
of the Gabura and Ghagra streams swept down
on the town of Diuvajpur from the north-east
and washed large numbers of the inhabitants
of the northern and eastern quarters out of
their houses. At one time it seemed likely
that the whole of the central r:riignn of the
town might be destroyed, but the timely cut-
ting of :Le Darjeeling road let the water off
and relieved the pressure. A dangervus feat-
ure of this flaod was that it made its first
appearance in the evening, and darkness which
ensued added greatly to its terrors. By the
exertions of the local officials the poorle of
the quarters most affected were got out o :
houses without loss of life and collected in

: as
Atrai, learn that the water level in
‘l:h-;:u':nfmbmﬁnthw"‘
the flood irom the northeast. Any

i
:
i
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L
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viate this, the water-way was greatly increas-
ed with, it would seem, satisfactory results, as
no worthy of the name has occurred

The Administration Report (page 426)—

Mishaps on account of floods appear o have
been confined to the Darjeeling district during
the rainy season of 1892.° On the Tista Valley

traffic was stopped for 22 days, owing to
the scouring away of the timber bridge over
the Galij temporary structure of 80
feet span was, however, constructed during
that interval to replace the bridge thus des.
troyed ; heavy slips ulso occurred in several of
the miles. On the road from the Tista brid
« Rishi the heavy rains of the 12th Juﬁ.
1892 caused serious damage, a GO-feet timbe
bridge and three of 20-feet heing carried away
and traffic interrupted for some time. The
damage from floods on the road from Rikisum
junction to Jungirguard was slight, but on
that from Darjecling to Tista rii the Runjeet
there were heavy slips and the road sonk badly
in the I4th mile. The approach road to the
Runjeet bridge was cat away entirely, but has
been renewed. Serious slips occurred on the
road from Jore Bungalow to Tista rid Peshoke,
and eart traffic was stopped for a while,

Considerable damage was done to the Terai
roads by the extraordinary heavy rainfall
between the 2nd and Tth July 1892; one span
of the Champtu bridge on the road from Mat-
tigurah to the Hill Cart Road was destroved
by floods, the wingwalls of bridge No. 15 on
tﬁe road from Mattigurah to Kurseong were
scoured away, while the road from Mattigurah
to Naxalbari suffered most severely, several
sections of the bank being breached, but the
damage to culverts and bridges was slight. A

20-feet masenry culvert on the Ganges and
Darjeeling road was badly damaged. Com-

red with previous years, however, _the

rjeeling Hilll Cart Road suffered very slight-
ly. A small settlement occurred at the Lower
Paglajhora, and the railway line was blocked
for a short time on the 24th May, owing to
the wall of bri No. 61 having yielded :
the bridge at Rungtong also gave way
on the 20th June and on the 17th
came down at the

back of the Convent, which blocked the road
and caused some damage, but the slips were
cleared and a revetment wall was subsequently
built: in the second section a slip occurred at
“ Bachelor’

Cot ", belonging to the Kuch
Bihar Raj -t.b. and i the buildin
of a revetment wall to avert any $
W to the md-: a of the Birch
the third section several slips oceurred, 'lk:

The following eatract

s : s taken m  the
”;;‘ h:l. l_rr.puru of the Tagore l:l'-u n
ath to 28tk July :

. L Rain 1, et
every day and the fload l’l::"‘ I::\lf g:::lﬁ;“y
Rainfall Analysis,

Exceptionally

heav: rai
throughout North 4 . o

| Bengal during the
first week of July.  Chief amounts were

Churamon 7-63 inches, Rai i 7

inches, Balurghat 4-80 im-l‘ntguéjili‘ l:
3 73 inches, Kurigaon 454 inches, Nil-
phamari 345 inches, Panchbibi 505
!uches, Chanchal 3-%0 inches, Gazol 4-33
inches on the 1st; Kurigaon 563 inches,
Ulipur 487 inches on the 2nd: Jal.
paiguri 375 inches, Alipore Duars 320
inches, and Mathabhanga 632 inches on
the 3rd: Alipore Duars 3-52 inches,
Falakata 415 inches, Nagarkata 3-93
inches, Buxa 1127 inches, Kurseong
550 inches and Nowkhila 315 inches on
the 4th; Raiganj 3-12 inches. Falakata
335 inches. Buxa 7-19 inches, Nilpha
mari 848 inches, Mecklegani 479
inches and Mathabhanea 687 inches on
the 5th: Churaman 644 inches. Raigan)
373 inches, Dinajpore 3:10 inches, Jal

paiguri 522 inches, Alipore Duars
S-17  inches, Falikata 318 inches.
Buxa 724 inches, Rangpur 323
inches,  Nilphamari 525 inches,
Chanchal 363 inches. Dinhatta 416
inches. Cooch Behar 487 inches and
Mathabhanga 540 inches on the 6th:

Balurghat 345 inches, Jalpaiguri 728
inches, Alipore Duars 872 inches, Fala-
kata 7-25 inches, Nagrakata 10-73
inches, Buxa 1215 inches, Siligari 10:73
inches, Nilphamari 580 inches, Din

hatta 3:52 inches, Cooch Behar 883
inches, Meckliganj 487 inches and

Mathabhanga 425 inches on the 7th

The actual excess during these days
was more than 200 per cent. over a large
area (Map No. 12/1892/2).

The most important fact which emer-
ges from a study of this flood is that,
in Dinajpur and Rangpur it was
much aggravated by the holding up of the
flood water by the Raiganj-Parbatipur-
Kurigram line. Water fiom the hill swel-
led the rivers and serious overflows occur-
red from the Mahananda above Kissen-

i the Atrai below Siliguri and
"n:'a’-'lggnm' r and Chiri and
" from the rla below M and
near Kurigram.

Excess rainfall diminished towards

th i.e., along the natural drai
e e country. It appears p




¥ the flood water could spread free-
ly t the south the severity of the
S at rainfall from
Ist to July to the south of
the railway line was also in large
excess. eXcess  was

The
Churamon # Chanchal 227, Gajol

124, Balurghat 119, Ulipur 163,
Nowkhila 109, Malda 66, Panchbibi 52,
Gaibandha 23, Sherpur 53, Nator 40,
Sirajganj 18 and Pabna 65. The water
here apparently flowed away without
causing any floods. This was due to the
level of the Ganges remaining more or
less normal as will be seen from the ana-
lysis of the gauge-readings given below.
The gauge reading at Rampur Boalia
did not exceed 508’ in June. Up to the
middle of Tuly gaugereadings at
Mirzapore, Benares, Buxar were low
and did not exceed 6 or 7 feet, Saheb-
gunge and Rampur Boalia showed a
steady increase from the 10th July but
the gauge readings did not reach 20 feet
before the last week of July. This rise
must of course have been due to the flow-
ing away of the excess rainfall. The
Goalundo gauge-reading was however
high throughout the month, rising
steadily from 1617 feet on the 1st July
to 2008 feet on the 31st. The compara-
tively high level at Goalundo was
due to the great volume of water coming
from the Brahmaputra. The gauge at
Giauhati registered over 22 feet through-
out the month, the maximum 26:50 feet
occurring on the 13th. :
Rainfall in the Brahmaputra valle
(+0-54/1564=+3 per cent), in Nort
Bihar (+207/1218= +16 per cent.),
North-Western Provinces, East (+2:38/
1184= 420 per cent.), North-Western
Provinces, Central (+044/1152= +4

per cent:), North:Western

West  (+025/992= 43 1 cent),
?orzui'l/lf:am g smu..
-2 ‘03= ~15 per cent.

Oudh (+ 14310752 4 18 ok cent.)
and North Ou $+0-82/11-60= +17 per
cent.) was generally only in slight excess,
Botll:i ﬂ}lxe rahmaputra and the Ganges
could thus carry away the greater part
of the flood wau-.ry This exl}.)l';?m
the comparatively rapid draining away

of thq water in the tract below the rni(y-
way line,

It is also significant that water from
above Gajol, Balurghat and Panchbibi
did not produce a flood in the southern
districts,

We again see that both to the north of
the railway line as well as to its south
the main problem is one of allowing the
water to drain away quickly to the south
and to theeast. To the north of the rail-
way line water was held up by the rail-
way line and caused a severe flood; to
the south water could flow away owing
to the normal condition of the Ganges
and did not do any harm.

A flood also occurred in Serajgan]
towards the end of July. The States-
man reported on the 21st July (Seraj-

ganj)—

There has been a very high flood this year
and only a foot and a half lower than the
highest inovn flood of 1890. There was a
very good harvest both in dhan and jute but
the fields are under water and cultivators are

in great distress. . . .

The Sera] flood, as will be easil
gathered f *g:n‘g; analysis of rainf
and gauge-readings given above, occurred
iust after the level in the Brahmaputra
ane higbat and was clearly due to an
overflow of that river. :
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1808,
 Moderate floods occurred in September

in several paxts of North Bengal in the

area. The following extract is

taken from The Amrita Bazar Patrika
of September 25—

Darjedling~Mony brick-built houses which
were in & somewhat damaged condition after
the earthquake of 1897 have collapsed in

consequence of the rainfall. Many  parts of
the interior are fearfully ove.-‘.oocfod. Num-

berless people in the deora tracts of {ne district
are living on machans erected in their houses
where flood waters have entered. Unless these
waters recede at an early date the prospect of
Kalai crop is almost nil. The Bhador and
winter paddies have at places been dama

by inundation, The outturn of winter paddy
is still expected fo be a favourable one,

The Bengal Administration Report
also notes :—

The rainfall in the Darjeeling district was
some 8 inches in excess of noymal, and much
damage occurred on the hill roads in cons-
quence, traffic on the Tista Valley road being
interrupted for seven days.

Rainfall Analysis.

Rainfall was generally heavy throufh-
out September. From ' the 1st to 1lth
tember, rainfall in the districts of

. g:fpaiguri. Rangpur and Cooch Behar,
was over 100 per cent. in excess. From
the 12th to 22nd comparatively heavier
falls occurred in the south, the excest
| ter than 200 pe: cent. over i
considerable area. Taking the whole
period 1st to 2nd into consideration,

¢

there was an excess of more thay 100
mt.ﬂ:er the gmt[er part of North
, the excess at Daryeeli ing
about 200 per cent, The ajver:l; ::'
for North Bengal for the whole month
of September was 57 per cent. Excep-
tionally heavy falls were on the 16th
.F X ;T(mtberi".\h:thgbhangn 1310 inches,
i ila‘c :ex. 05 inches and Siliguri

. Apart from the moderate local floods
in the Dooars noticed above apparently
no floods of importance occurred in other
arts of North Bengal, in spite of the
arge excess of rainfall. There wege
exceptionall; heavy falls in both North
Bihar (average excess 164 per cent)
and South Beha: (average excess 112
per cent.) and 2lso in the eastern sub-
montane portion of the North-Western
Provinces (old stvle, now the United
Provinces). Rainfall in the rest of the
(iangetic valley was generally in defect.
This probably kent the rive: level below
Malda and Rajshahi normal or lower
than usual and did not interfere with
the draining cameity of the G A
The rainfall in the Brahmaputra valle
was in slight defect, so that the level of
the Brahmaputra was also probably
normal or lower than usual.

We see that in spite of heavy rainfall
serious floods did tlmt wgu{ w
Bengal owing to the quick draining
nwu%' of the water rendered possible by
a low level in both the Gangss and the

Brahmaputra.



A (Map Nos. 12/1/1899/1 &12/2/1899/2.)
Vi severe ‘and destructive landsli
u-?d in the Dnrmn.':linrh pil.l

September; but no of im
appears to have occurred in the plains.
In : , rainfall in Assam
R et The
cent. al
level of m :tn was thus
c d{mon or less normal. The
rainf in the submontane districts of
North-Western Provinces and in the

i

Punjab was, however, in very large
defect; the variation being from
7" per cent. to 100 per cent. below
normal. Rainfall in North Bihar was

about 16 per cent. above normal but
taking into account the heavy defect in
North-Western Provinces and the
Punjab it seems fairly certain that the
draining power of the Ganges was not
sariously impaired. If 'anything, the
river level was probably lower than the
average.

In the first week of September North
Bengal received daily moderate rain
but there were no particularly heavy
falls. From the 13th to the 18th heavy
general rainfall (connected with a
cyclonie storm which travelled north-
westwards through the Central Pro-
vinces and North-Western Provinces

as far as Cawnpore and re
carved to the east) occurred in
Bihar and North Bengal. Chief

amounts were on the 13th, Falakata
705 inches, Alipore Duars 5-22 inches:
on the 14th, in Bihar—Kissenganj 11-64
inches, Farvesganj 3-30 inches, and in
North Bengal—Thakurgaon 4:25
inches; on the 15th in Bihar, Go?:
j 5-31 inches, Rosera 5-26 inches,
ﬁnauq 515 inches, Motihari .449.
inches, and in North Bengal Devigan)
mmhea. Fulbari 4-%‘: u:;:lln:ué Br;h-
420 inches: on the 16th Sunder-
Enj 8:06 inches, Ramganj 6-17 inches,
inajpur 475 inche:, Ulipore 438
inches. ur 4-31 inches; on the
TE0 s ghogra 705 imches.
‘85 inches, . inches,
Chanchal 7-52 inches, Dinhata 6-44
inches, Gazol 3-56 inches and on the
15th Cooch Behar 5°15 inches.

The percen departure fm; this
period was greater than 100 per cent. over
a very large tract in the north and was

greater than 50 per cent. over the whole

of the central areq. Rainfall howe

was normal or in de i

g . fect in the south

On the 24th and 25th ex
heavy rains occurred which

iy emtrolg oo-,:t cyclonig:m:m which

near

and passed northwards to . i'ﬁf' Slnﬂa?::

b 1 Wwere numerous fall

inches on 24th Septan?;e:

ceptionally
were entire-

Mohagama 15-61 inches, Bark 235
lnchea,' Goodda 1012 inches.opﬁhlaagysi
8:50 inches, Barharwa 8-40 inches,
Pakaur 7-75 inche: and in Bh alpore
Banka 1181 inches, Bansil 9-07 inche-
and Bhagalpore 7-53 inches. In North
Bengal on the 24th Sibganj had 7-30
inches, Darjeeling 5:30 inche:, Kalim-
Fmg 480 inches, Kurseong 4-67 inches,
Pedong 4-42 inches and Mongpoo 325
inches. On the 25th Darjeeling had
19-40 inche:, Kurseong 1518 inches,
Mongpoo 1296 inches, Kalimpong 9-16
inches, Siliguri 398 inches, and in
Bihar Farvesganj 10-60 inches, Ararea
8:00 inches, Supaul 798 inches and
Chaupreon 7-51 inches. The rainfall
in the Himalayas began on the 28rd
and continued during the 24th and
early morning of the 25th on which
date the storm however disappeared.
The rainfall abruptlv ceased and fine
weather prevailed throughout the pro-
vince.

Disastrous landslips  occurred at
many places “causing considerable loss
of life and doing unprecedented damage
to roads, bridges and buildings, both
within the town itself and in the
neighbourhood and the Darjeeling dis-
trict, while some lesser injury resulted
to the roads in the Jalpaiguri district
and in Monghyr. Commumcation with
Sikkim was practically cut off by the
dam to, and deal,ruct{non;w of, impor-

nt bridges. The cost of the necessary
:-:pnin alg:? protective works due to the
fury of the cyclone has been estimated
at a total of sixteen to eighteen lakhs of
rupees ".—( B. A. Report, page 208 ).

The District Gazetteer of Darjeeling
(p. 105) notes :—

Upbthzlth the monsoon rainfall had
been some 17 inchies in excess of the :v.n.:
and although there had been a partial cesss-
tion during the previous week, there was no
break in :L rains sufficient to permit of any
appreciable d:]vim of th; :nl 3 -‘;‘-':; the un-
precedented 1 of the 24th and 25th.



The heaviest excess amounting to
from 500 per cent. to 1,500 per cent.
above normal occurred in the neighbour-
hood of Durjeeling. The excess was
more than 300 per cent. in the area to
the north of the Kaunia-Kurigram line
and more than 100 per cent. over d
lacge tract in the west, but was more
or normal over the whole of the
south-eastern area.

We have already seen that the jevel of
the Brahmaput-a was about normal and
that of the Ganges ﬁrobably consider-
ably lower than the averaﬁ.“'ﬂp

t volume of wate: falling in

Darjeeling district, although causing
unprecedented local damage, evidently
found its way out -through the Tista
and the Brahmaputra without giving
rise to floods in the plains. The heavy

recipitation in North Bihar wasalso
rained away fairly quickly by the

. We thus see that provided
there is no im in the river
drainage even unprecedented falls in
the Bengal hills will not, necessarily

cause floods in the plains.

The departure percentage for the
month as a whole shows the
same thing. Inspite of the con-
siderable excess of rainfall over

the greater portion of the northern
district there was no flood in the low-
lying lands to the south. Pres
excess water was all drained

thoough the ordinary river channels.
There is mo evidence of an_

of water from the north flooding the
low-lying southern districts.

/



(Map Nos. 12/3/ 1902/1 & 12/4/1902/2)

AUGUST.—In the middle of A t
slight flood was reported in Coochnﬂ.:.
The Amrita Bazar Patrika  wrote
on—

August I18.—The Cooch Behar Narrow
Gauge State Railway is reported to have En
badly damaged by floods and rendered not
very safe lo!' traffic but all the NeCessary s'eps
and precautions are being taken to restore the

line for safe working.

A slight flood was also reportd from
Rangpur. (The Amrita Bazar Patrika,
August 21.)

Rainfall Analysis.

Chief falls were on the Sth August
Buxa 797 inches, Mathabhanga 4-05
inches; on the 9th Kalchini 556 inches:;
on the 10th Buxa 9-09 inches, Mekliganj
550 inches, Kalchini 5-47 inches, Alipore
Duars 5-39 inches, Govindaganj 5-05
inches, Kurigaon 493 inches and {Jlipur
4 48 inches; on the 11th Kurseong 1325
inches, Fulbari 9:57 inches, Mongpoo
906 inches, Siliguri 9-00 inches, Alipore
Duars 865 inches, Darjeeling [Im 1
inches, Mathabhanga 7-42 inches, Cooch
Behar 692 inches, Bogra 514 inches,
Jalpaiguri 500 inches, Meckliganj 4 86
inches, Nagrakata 448 inches and
Dinhata 4-48 inches; on the 12th Ulipur
5-30 inches, Mongpoo 4-90 inches: on
the 14th Buxa 420 inches; on the 15th
Dinhata 5-09 inches, Cooch Behar 475

inches and on the 17th Buxa 924
inches Meckliganj 7°50 inches, Fala-
kata 7:05 inches and Fulbari 4-43
inches. The rainfall from the Sth to

the 19th August was over 100 per cent.
in excess in a large tract to the north of
the Tista and als» on a small strip on
the right bank extendi down to
Rangpur. Rainfall in t Brahma-
putra districts of Assam was about 22
l;glxi’eent. in excess and in the Assam
i
The

level of the Brahmaputra was thus
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heavy. The excess \‘Tun-. .
&hmm Panchbibi 103, Naogaon
116, 191 and Nowkhilla 158,
Exceptionally heavy falls were on the
10th Bogra 7-30 inches, Nowkhilla 3-50
inches; on the 11th Manda 511 inches,
! a 514 inches, Nowkhilla 4-10
:uhz l.’tl;algr hut}8~l7 inches, and on
alurghat 4-52 inc
Nowkhilla 3-42 ;ﬁcm. P

No flood either in the central or in
the south-eastern districts is however
veported. The comparatively smaller
rainfall in the south and a low level of
the GunPs was probably sufficient to
allow all the water to escape without
doing any damage. We again notice
that exceptionally heavy falls in the
north do not appear to conititute a
source of danger to the south.

SEPTEMBER.—More severe floods
were reported in the Jalpaiguri dis-
trict in the month of September.

The District Gazetteer (Jalpaiguri)
gives a very full account :—

The river began to rise rapidly at ahout
3-30 p.m., on September 27th and continued
to rise steadily till 530 rM. on the

28th when it reached a  height of
eighteen inches above the highest
flood

level of the rmeding ten years;
during these fourteen hours its rise was six
feet. It remained at its maximum height for
about half an hour and then began to fall as
rapidly as it had risen; 6-30 r.u. on the
28th it had fallen to the height of an ordinary
fl

™ . . - k3 -

On the west of the Tista the river began to
overtop its banks at Rangdhamali about-9
miles above Jalpaiguri snd spread over the
country ns far as the river Karla; in this area
the rise was gradual as the water had plenty
to Below Jalpa

it
!
is
i
b
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!
:
|
i
|

but the water
o i S e e
Domohani on embank-
ment runs at a ‘of not more than half
a mile from the river. and the water, maling



the railway in near the Bhotepati station

and rejoi Tista. The between
the railway line and the rim“;‘:‘ZoM for
several miles south of Jalpaiguri.

Damage done by the floods.—Loss of life was
not heavy and was confined to where
the rise of the water was rapid. herds-
men, who were grazing buffaloes on a larg-
chur, were not able to reach the high bank in
time and were drowned ; at Barnes (hatsthree
women and two children, members of a sweep-
er family living in a hut on the extreme edge
of the river, were swept away and drowned.
The total number of lives lost wus only ten.
Comparatively little damage was done.to the
crops; the winter rice benefitted by tue silt
deposited by the flood ; the standing jute was
un‘mrmwl, but much of the jute which was

+ being steeped was washed away and lost. The
loss of cattle was serious, but it is difficult to
form an accurate estimate of it; 200 dead
cattle and 10 buflaloes were counted along the
banks of the river and the Deputy Commis-
stoner put the total loss at 350 head of eattle
and 20 buffaloes. The villages on both sides
of the river were full of stray cattle which had
been carried down by the floods and it took a
long time before they were all claimed and
restored to their owners.
herd of nearly 50 buffaloes on the Nathua
Khal when it was submerged in the flood and
no less than 79 of them were rescued at the
Mandalghat village 15 wiles down stream;
nearly all the bufialoes go: ashore at one
village or another.

The damage done to the railways has been
already mentioned. The big breach on the
Fastern Bengal State Railway took over ten
days to repair und Jrd class passengers were
sent round by Lalmanir Hat and the Bengal-
Duars Railway. A bridge was carried away
on the Jalpaiguri road and snother on the
Jalpaiguri-Alipur Road, but otherwise the
roads received comparatively little damage.

Rainfall Analysis.

In the Brahmaputra division of
Assam rainfall was nearly 50 cent.
above the average while the rainfall in
the Assam hills was more or less normal.

normal,
the excess being 138 cent. in the
Barjeeling district, 91 rcen:ﬂb
Jalpaigur: district and 82 per . in
the Cooch Behar district. Moderate or

There was a large .

inches, Jalpaiguri 6-27
588 illchuprﬁtil:ri

inches, Siliguri 556 .
Mathabhanga 5-358“inches. Dinhata
503 inches and numerous other falls
of 4 and 3 inches.

The District Gazetteer clearly points
out :— :

The flood in 192 was confined to the basin
of the Tista river and was caused by general
and extremely heavy rain in the l;-rjeelill
hills on the 27th September. Darjeeling itself
reported a rainfall of 12 inches for the 24
hours and the downpour was even heavier in
other places in the hills. The rainfall at
Jalpaiguri during the month of August was
above the averuge und in September more then
twice the normal smount +f rain fell; the
Tista was in consequence very full when &
further volume of water was poured into it.

It is important to observe that rain-
fall was in considerable excess at several
places in the central area: Rangpur
107 per cent., Dinajpur 75 per cent.
and Panchhibi 118 per cent. Rainfall
in the United Provinces and in North
Bihar was also in moderate excess, so thag
the level of the G‘",']lz"‘ was probably
higher than usual his, of course,

meant diminished drainage from the
southern districts. On the 26th, 27th
and 28th rainfall was fairly heav; in

Bogra, Pabna, Rajshahi and Malda.
Yet no flood of importance appears to
have ooccurred in tfhio a.m Th ?ag:;:
t rceutages for the month of @

::bel:-.u a whole explains the general

sitnation. “An excess of over 50 per cent.

paiguri and Darjeeling districts
and certain r:.nhr isolated areas. The
excess in the southern area was generally
slight ( at Siraj umndmﬂmw
)" We e gl s el

in Jalpaiguri but



The Englishman (August 17) notes: -
1 Patna, fonthal sad Malds
crops sullered slightly :ﬁ

For the period 1st to 11th August
rainfall was from 20 to 90 per cent. 10
excess in the Malda district. The rain-
fall. however, was not excessive any-

where and the flood could not have arisen
merely from rainfall alone.

The rainfall throughout Bihar and
the United Provinces of Agra and quh
and also in South and 8 -East Punjab

was above normal The Moatw;
Weather Reriew for August 1904, p. 217,

notes

A very heavy fall of rain was received in

parts of North Bibar on the 10th and 11th and

this rain resulted i o flood on the
Granges, the water breaching . bund snd
flowing over the surrounding eountry near
Monghyr on the 17th. The flood was nolae
serious as ot first believed and the low of Tife
was smhll. The depth of flood water was about
i foet, The Uanges gauge at Monghyr shows

* that the river rose to 25 feet above zero on the

14th, attained its maximum height, 27 feet 3
inches, at noon on the 19th and on the 25th
still read 25 foet 9 inches, The river had thus
on the 2th been for 12 days above 25 feet.
The highest recorded reading on the guuge was
9% foet above gero at 6 r.x. on the Sth

tember 1901, but during the 1901 flood,

water was over 2 feet for 6 days only

The present flood is thus evi
due to the exceptionally high level

the Ganges Even a slight excess-of
Jocal mll may thus be sufficient 0

canse & flood if the river draivage i
seriously impeded. :
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thelr way imte

dying in wam-
protection. Saakes
the recesses of human

on and cases of snake bite are mot
Sufrequent. The beary flood has destroved
Jute and eus crops as well as the houses of
Mmany 2 peor man.  The other day the godown
of the B 8. N. Co's Nagartarn Ghat station
was on the way of being carried .“{‘b the

coarse rice is selling bere at Rs. 8 per maund.
Most of the people are living on scanty meals.
The prices of other necessary articles are also
rxceedingly high. Fruits and w
rare—they are all destroved by the flood.
farmers are no longer able to save their cattle
for want of fodder—th~ poor beasts are tied to
their posts in water «»- bigh as their breast.

The District Gazetteer has the follow-

v
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Rajshahi Famine Relief Committee hav.
started relief operations on a moderate n:.‘l:

ied men and women

: rriu- and with mtnilou!
distribution of food to those
starvation have becowe unfit for work. A
woman suffering from chronic starvation died
last mi inspite of all efforts of the Commit-
tee to save her life. Her two infant daughters
saffering from chronic starvation are merely
Funds are vigently wanted to
continue the relief operations without which
from starvation is apprehended to be
Kind hearted ladies and gentle-
men are earnestly requested to come to the
help of suffering humanity.

September 15: Distress in Malda—So long
our poor district did not feel the necessity to
give blicity to her distress as she did not
feel ': pinch so keenly before the advent of
the flood. Rice and all the vegetables and
other eatables have been selling at famine
price for these two months and a half and the
state of things has at last assumed a fearful

if

;!

3 3 oldest men
living and that was< the famine that devastat-
ed the whole province in the vear I876. It
will be no exaggeration to say that the present
famine is almost unprecedented in the annal<
of the district of Malda . We looked
forward with hope 1o the aws crop which has
also been washed away by the persistent and
high flood of the last few days.

The District Gazetteer for Malda has
‘the following : —

During the flood< of 1906 the price of rice
rose to 6 seers per mupee, and it was found
necessary to advance a lakh of rupees under
the Agriculturists’ Leans Act. The price of
rice was high on aceount of the unusual de.
mand from East Bengal a< the crops were in
the barind portion of the district which is too
high to be flooded.

It will be seen from the above reports
that the floods were extremely severe in
the districts of (Cooch Behar and Jalpai-
guri and severe in the district of Pabna
while in Rajshahi and Malda the dis-
tress was mainly due to high prices of
foodstuff arising indirectly through ex-
cesgive rainfall

Rainfall Analysis.
In July rainfall was above normal
the northern districts, the

excess being from 50 cent. to 100 per
. ot :
-“ E%thh&lk;::mln u por

2.‘*-‘(‘. ha: been in a
& sodden :ﬂ:&h "W.ll in the
llni:'A.!l was
above normal and in the

S Y

who by lnn‘

Rainfall in North Bihar, United Prov-

lil:“bn(h \‘omul East Sub-muntlmmd
Sout

above normal. Sliemiamnate . -

Towards the end of July the lew
the Ganges rose very high’ Th:ﬂgilug:
reading at Mirzapore became 30 feet on
the 29th, Benares 29-50 feet on the 31st
Dinapore 30 feet on the 28th, nghy;'
2325 and Rampur Boalia 20-10 feet on
the 3l1st. The gaug>  at Gauhati
rezistered 29 feet on the 19th July and
except for the first week remained over 24
feet throughout the mon*h. The level
of both the Ganges and the Brahma-
putra were thus abnormally high.

The rainfal! in August was above nor-
mal in the Brahmaputra valley by 24 per
cent . North U. P. 14 per cent.. was in
moderate excess in the Assam Hills 41
per cent.. Sub-montane U. P. 50 per cent.,
Sub-montane PPunjab 39 per cent. and in
large excess in East Bengal 57 per cent.,
North Bihar 7= per cent. and the Pun-
jab Hills 94 per cent

The gauge readings on the Ganges
comtinued to be high throughout August.
At Rampur Boaha it reached 26:30 feet
on the 25th (against an absolute record
of 2725 feet) and remained over 23 feet
over the greater part of the month. The
condition of the Brahmaputra was still
worse. The Gaulati gauge reading
practically never fell below 27 feet and
reached the record heicht of 3225 feet
on the 24th.

The level in both the Ganges and the

Brahmaputra thercfore remained ex-
ceptionally high throughout the flood
period.

Heavy rainfall began in the northern
districts from the 27th of July and con-
tinued almost unbroken for more than a
fortnight. It was controlled by a de-
pression which appeared off the coast
near Chittagong on the 25th with a cen-
tral depth of 0-25 inches. und' ithe {:-:'t
day had deepened to nearly 033 |ln-f r
had crossed the coast of Ht'ngn“ an¢
caused heavy rainfall in that uiu_\ll:; <
—(Monthly Weather Review, July )

Chief amounts were . :
-jecling had 4.98
On the 27th July Darjecling e
inches i s 4-46 inches; 29t}
Lua 'mll?np(":::; goth Siliguri :Iiﬂb
nches, Darjeeling 415 inches, Kal 1:;10
: ‘398 inches and Mongpos 308
4 inches, Jalpai-

! . .’.‘.; Siliguri 41 367
nches ; inches, Alipur Duars &°

f"m“:d:au 420 inches, “.im
610 inches, Buxa 402 inches, K

-




759 inches and Kumargram 640
inches: 1st Aungust Jalpaiguri 326
inches, Alipur Duars 455 inches, Buxa
121 inches, Kalchini 606 inches, Ku-
margram 3-46 inches and Cooch Behar
4-70 inches=: 2nd Kalimpong 3 60 inches,
Jalpaiguri 3 28 inches. "Alipur Duars
3-35 inches, Falakata 3-30 inches. Nagra-
kata 7-13 inches. Buxa 5-35 inches, Kal-
chini 624 inches, Kumargram 4-72
inches. Cooch Behar 320 inches, Meckli-
wanj 4-03 inches and Mathabhanga 3-30
inche<: 3rd Silicuri 321 inches. Debi-
wanj 3-06 inches. Nagrakata 11-54 inches,
*Buxa 522 inches. Kalchini 7-20 mches,
Kumareram 4-15 inches. Cooch Behar
316 inches, Mecklimany 492 inches,
Mathabhanea 3-02 inches and Kurigaon
349 inche=- 4th Silicuri 11-30  inches,
Rurseone 3-<7 inches. Jalpaigun 4-02
inches. Nagrakata 1574 inches. Buxa
=~ 34 inches. Kalchini 6-=3 inches, Kumar-
eram 3-~4 inches and Cooch Behar 3-72
inches: 5th Siliguri 4-53 inches. Alipur
Duars 3 73 inches. Falakata 430 inches.
Nacerakata 4-13 inches, Buxa 3-22 inches.
Kalchini 330 inches and Cooch Behar
6 45 1inches
The gaug= reading at Mirzapore rose
to 3000 feet on the 11th September. at-
tained the maximum 4325 feet on the
15th and remained hizh throughout the
month  The zange reading at Benarss
reached 4117 feet on the 15th. at Buxar
3000 feet and at Dinap re 3300 feet
on the 16th. at Monchyvr 2505 feet on
the 17th and 15th. at Sahebgan) 2392
faet on the 19th. at Rampur Boalia 23-05
feet on the 2is<t and 22nd and at Goa-
lundo 2225 feet on the 22nd September
1998  The Gankati reading diminished
steadily but remained above 25 fet
durine the first half of the month.

The rainfall in the northern districts
of Darjeeling. Jalpaiguri. Cooch Behar
and Rangpur for the period from 27th
July to 5th Angust is shown in the ac
companying map (Map No 13 1906 1)
as alw the excess percentage (Map No.
14 1906 2) It will be noticed that the
~xeess was considerably over 200 per cent
in the extreme north-west and over 100
per cent throueh the north-east and the
wuth-east s ortions of North Bengal
The rainfall was also in consi
evcess  thronghout the remaining por
thom of North Bengal

The severe flood in the northern
district< in the first week of August was
evidently cansed by the heavy local rain-
fall  The flood area coincided ronghly
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with the area of excessive rainfal

was situated a little towards th?“mluh’-
east. The flood in Cooch Behar and in
portions of Jalpaiguri on the left bank of
the Tista, however, began to subside fair-
Iy rapidly so that communications were
restored within about a fortnight. But
the flood on the right bank of the Tista
continued for a much longer period part-
Iy owing to the continued vy rain
and also partly to the diminished drain-

ing off. It is again important to
notice  that the extremely sever®
flood in the districts of Darjeel-

mnz, Cooch Behar, Jalpaiguri and por-
tions of Rangpur did not appareatly
cause anv appreciable flooding in the dis-
tricts lying immediately to the south.

The flood in Pabna was thus caused not
by the water rushing down through the
land area in the north but by the abnor-
mal rise of the Brahmaputra (due to the
great volume of water coming down from
the Tista and also from the Assam Hills,
the Brahmaputra valley and western dis-
tricts of Eastern Bengal) aggravated by
the local excess in rainfall. The situa-
tion was further complicated by the very
high level of the Ganges itself.
The severity of the flood in this
district was greatest in the extreme
south-e.st. near Nagarbari and the
confluence of the Ganges and the Brah-
maputra. It seems pretty clear from the
accompanying map that water gradual-
Iv  accumulatesd in this portion of
the district and the flood was mainly
dne to the serious holding up of the excess
water by a high river level. Tt is also
<i-mificant that the flood in Pabna al-
thouch less severe than that in the north-
ern districts apparently continued for a
much longer tine. This fact confirms
the view that the flood was primarily due
to obstructed drainage rather than to
evcessive rainfalk

We have already -noticed ’ﬂlﬂ the

Jdistress in Rajshahi and in Malda
ocen much later and was more or less
dllrtlvllwcwmionof'ew:;-w factors.
A considerable destruction of crops must
ln:'r ocenrred throughout North Bengal
and there was an abnormal rise in the
price of food-staff "hahg_anmto-iﬁ
-mndf.-i-em.duiollmllﬂsﬁﬂ
Malda.

The Malda District Gazetteer point-
2 secount of
i 1 high on 2

‘hﬂr price of rice '::; 3 :

4
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1910,
(Map Nos. 17/1910/1 & 18/1910/2.)

A moderate flood occurred in the first
half of July in Cooch Behar.

. The Amrita Bazar Patrika

July 13.—Owing to heavy floods the Bengal
Duars Railway eastern extemsion been
breached at miles 106, 109 and 111" Tran-
<hipment is impossible until the flood subsides.

July 15.—Owing to heavy and incessant
rains and tremendous rush of water from the
hills greater portion of Cooch Behar and its
neighbourhood is under water. The river
Tor-a and other rivers are over flooded inun-
dating villages and the localities on both sides
of the rivers. The cottages of the poor are
also under strong currents. Many have left
their home and hearth and taken shelter in
places not overtaken by flood water, People
are coming from here and there not knowing
where to get shelter. Many live under the
shade of trees without food or money, There
is no doubt that the flood is mostly due to
a rush from the hills. We are very glad
hear that the officers of the Cooch Behar State
are taking prompt measures to remove the
distress of the people.

July 22—Owing to tremendous rush there
have been several breaches on the railway
line between Dinbatta and Dewanhatta rail-
way stations and so the train services on this
vside of the railway have been totally stopped
and the mails are being carried by trolhies.
The complete stoppage of passenger and goods
trafic has entailed an innumerable loss to the
company. The public too is not less incon-
venienced. There is no knowing yet when the
breaches will be righted.

re-

In the same report it was however men-
tioned that the flood water was subsiding
and the people were going back to their
huts.

August 1.—The flood has nearly subsided...

" The rain has now ceased und the
sky is cloudless.
all the roads

August 6 : Sirajganj.—Nearly
under

and premises in the town are now
water, .

August 9 : Sirajganj —The Hood is subsid-
ng.

Rainfall Analysis.

Rainfall was in rate exvess nearly
everywhere in North Bengal. The heavy
falls were mnﬁmmmm exclusively to
the districts of C Behar, Jalpaiguri
and Rangpur in the north and to the
extreme south-east corner of Pabna.  In
the districts of Jalpaiguri and Cooch
Behar and in Siliguri heavy rain com-
menced from the Bth and continued al-
most  uninterrupted till the end of

month. Chief amounts
the 31st July) were (rom S
On the Bt'i Nagrakata had 320 inch
Buxa 530 inches, Kalchini 452 i
Meckliganj 325 inches and
bhanga 4-07 inches; on the 10th :
Behar 528 inches and Fulbari 390 i
es; on the 11th Jalpaiguri 3-40
Falakata 381 inches, N
inches and Meckliganj 434 inches
on the 12th Buxa 5°40 inches and K
chini 405 inches; on the 13th Bu
1120 inches, Kalchini 966 i ‘
Kumargram 3-75 inches and Cooch Behar
473 inches; on the 14th N ]
8-42 inches, Buxa 4 -30 inches and Kumar-
gram 5-70 inches; on the 15th Alip
Duars 990 inches, Falakata 464
Nagrakata 375 inches, Buxa 540 inches,
Kalchini 470 inches, Kumargram 450
inches, Cooch Behar 9-338 inches, Meckli-
ganj 3-19 inches, Mathabhanga 683 inch-
es and Fulbari 800 inches; on the 16th
Falakata 3-00 inches; on the 17th Kal-
chini 405 inches; on the 15th i
Duars 4-0% inches, Buxa 360 inches, -
chini 3-00 inches, Kumargram 3-60 inches
and Siliguri 7-45 inches; on the 19th

Siliguri  7-17  inches: 21st Sll:m i
3-54 inches; 23rd Debiganj 408 i g
24th  Nagrakata 4-59 inches, Buxa
3-20 inches, Kalchini 3-70 inches, Kumar-
gram 650 inches and Mu'km‘ ;
459 inches: 25th Jalpaiguri 3-34 i i

Alipur  Duars 505 inches, Falakata

3-45 inches, Nagrakata 5-46 inches,
Kumargram  4-10  inches, Dinhata
432 inches, Cooch Behar 496 inches,
Mathabhanga 492 inches, Fulbari

333 inches and Siliguri 3-29 inches: 26th

Nagrakata 3-35 inches and Sill.i‘ﬁ
6-55 inches; 27th Jalpaiguri Sl-llll i] /
Meckliganj 3:64 inches anc Sim i

712 inches: 25th Buxa 360 |
Kumargram 350 inches, Dinhata
6-43 inches, Cooch Behar 524 inches, :

Mathabhanga 565 inches and Siliguri
4-75 inches: 20th Jalpaiguri 3-90 i
Nagrakata 585 inches, Buxa 7-60 inches,
Kalchini 430 inches, (‘opoll Behar
305 inches and Siliguri 420 inches; Slst
Jalpaiguri 518 inches and  Nagrakata
440 inches. 3 ;
During the same period heavy rain
also  oceurred thronghout Assam i
East Bengal, the excess being 32 per cent.
for Assam and 37 'wr_ cent. for East
Bengal as a whole. 2ainfall in the Dar-
jeeling district was very unevenly distri-
huted. It was in very heavy excess
Siliguri but was not far from u

the hills.

Y



110 feet on the 1st July to 19-70 feet on
the 31st, showing the normal draining
away of the excess rainfall.

months of July ¥
gauge-reading 2430 (a very re
by itself) g e ?:ly.
The reading then steadily increased to
3010 feet on the 31st July, 30-20 feet on
the 1st August and remained above 2%
feet till the 9th and did not fall below
9% fet during the whole of the month of
August.

]

‘sided rapidly owing to good drainage.

The floods in the Jalpaiguri and Coox
Behar districts were due to the excessi
local rainfall and also perhaps due to
certain amount of water coming dow
from the hills. The flood however s

The flood in Sirajganj which occurrec
several days later was due partly to
rainfall and also undoubtedl puﬁ, !
theah:ornnllyhighlevelof& ra
putra. The Sirajganj flood in .
respect shows a close to the
general flood in the Pabna district in 1906.
lH'::lvy ﬂ(;:ﬁngof tbe:dm is re
ikely to be accompanied by a in tl
Pabna district, especi: "ly if helped
even a moderate excess of local rain
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1916,

(Map Nos. 19/1915/1 & 20/1915/2)

Exceptionally hea falls of rain on
the left bank of the Tista caused con
siderable amount of damage to crops
and communication in the Duars.

The Englishman reported :—

August 16—The Manager, Bengal-Dooars
Railway, Domohani, wires that owing to very
heavy rain in the Dooars, where a fall of 20
inches in 14 hours was received at ome tea
garden, 700 feet of embankment at miles 1ucy
on the Bengal-Docars Railway have been
carried away by the Jaldacca river.........
Firs. and second class passengers uwnd the
mails and parcels are being crossed on ele-
phants but the booking of goods, livestock
and lower class passengers is stopped for the
present.

Darjeeling :  August 16.—The Mahanaudy,
which of course is insignificant in size, is now
a swollen river in deep flood which extends
from bank to bank.

Heavy falls (due to a shallow depres-
sion in  Bihar) occurred in the Jal
paiguri and Darjeeling districts for
about a week from the 7th to the 15th
August. Chief amounts were: On
the 7th Falakata had 35 inches, Buxa
352 inches, Kalimpong ¢ 02 inches: ou
the sth Darjeeling 935 inches, Mongpoo
1134 inches, Kurseong =-51 inches.
Pedong 509 inches; on the 9th Kalchini
308 inches, Kumargram 380 inches;
on the 10th Kalimpong 335 inches; on
the 11th Nagrakata 14-1% inches. Buxa
1021 inches, Kalchini 3%4 inches.
Kumargram 380 inches, Siliguri 552
inches, Pedong 350 inches; on the 13th
Debiganj 490 inches: on the 14th Jal
paiguri 308 inches, Alipur Duars 5%
inches. Kalchini 440 inches and Kumar-
gram 7-52 inches. .

The Jaldacca food was clearly due to
the excessive local rainfall. The heavv
rainfall in the north however did not

cause any floods in the central or the
southern districts.
Floods also occurred in the Pabna

district in the first week of September.

. ight of th
rodame ey 578 feot should be  ded
taken after that date.

Goalundo gauge u:- I|IIU'I:;‘;|. . 7

Th. Amrita 'Bazar Patrika 2ot

September 3.—The floods i
of the Pal distri ‘:-'.‘Lm 4

Many houses are under
cattle are dying for want of (o'o‘dh
is prevailiug in almost all
district.

September 6 —Owing to’ heavy floods
whole village of Sthal ll‘.Ln) i:,u -
'l‘h:‘ 'l‘;:;ln Al.lil!‘i:l, the Li
public library in the village—has
Iy chnng\-d The floods are still increasing
and it is feared that famine will soon follow.

September 8.—Information has reached here
that there has been heavy flood in Mathura
and Shahzadpur Thanas. = Several houses in
nearly all villages are under water. Bharuga
and Shahzadpur High English Schosls have
been closed on account of the flood.

Rainfall was in slight excess in
Assam and i
Bihar (21 per cent) and United Pro-
vinces East (43 per cent.).

The gauge-reading at Rampur Boalia
rose from 18 feet on the 1st Auf\nt to
2250 feet on the 17th and 18th August,
to 24-0 feet on the 5th and 9th September,
and did not fall below 22 feet till the 14th

of September. The gauge reading at
Goalundo rose from 22:50 feet on the 1st

August to 2520 feet on

2sth, 29th aad 30th August and
did not fall below 250 feet
before the 15th of September. Remem-

bering that the highest gauge-reading
recorded at Goalundo® was 25-75 g
1906) the exceptionally high level of

river would be easily appreciated. The
level of the Br:;hmaputra also was ex-
.eptionally high.
‘(:‘-Lulmli remained above 28 feet th
out the n‘(,l‘:ih of ‘t:
below that figure belore LS,
l:n:h'r. The highest reading, 31
occurred on the 17th and 18th August.

There was also a slight or moderate
exceur;f rainfall in the east

first week of September W ich, coupled
with a high river leyel.P ac-
counted for the floods in Pabna.

578 feet

{
DY imge before 1st

in considerable excess 1n .

during the

wos Te A
st e s SRR
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' 1918
(Map Nos. 21/1918/1 & 22/1918/2.)

A severe flood occurred in the end of
August in Rajshahi and Bogra.

The Amrita Bazar Patrika (August
29) published the following :—

.\'--g-:l‘. August ﬂ—iﬁ.! is 'l'-\-e :r‘-

eden flood im )

::ﬁvi-io-. the town :: the moffusil
are under water. The people have become
homeless and are starving. The cattle are
drifting away in indescribable distress. A
Relief Committee has been formed. The local
resources are inadequate. Outside help in men
and money is urgently umired. Water is
«till rising. Any help will thankfully re-
ceived by the Secretary, Relief Committee,
Naugaon, District Rajshahi.

August 31—Flood in Bogra.—QOur corres-
pondent at  Bogra wires as follows under
date August 0:—Since my last wire
suthentic information have been received
from centres in the affected area which
i= about 100 square miles with a population
of 100, Houses being of mud cojlapsed in
the first rushing of water and are going down
daily. People are living on the high banks of
tanks, house tops and on railway embankments
exposed to wind and rain. Storage of food-
stuff is ripe (sic) and in some places w
away and in other 6 to 7 feet under
water. Transplan Aman is under 6 to 7
feet of water and there is no ho for it.
About 2,000 families are affected. People are
starving. Sevem to eight hundred rupees is
daily necessary to provide pe« with famine
food. There is no E:pr of early subsidence of
the flood. The standing water is strewn with
dead cattle, dog and other domestic animals
and their bodies are in a state of decomposi-
tion. Bamboo and plantain trees are not
available for making rafts nor boats of any
description. Money is insufficient. We are
badly in need of men and money.

Flood at Bogra and Rajshahi—Many
village in the districts of Bogra and Rajshahi
(specially  the adjacent villages of the Santa-
har junciion of the E. B. Ry.) have been
visited by a terrible inundation which has
rendered the pmrl- homeless. Inmates of
many houses including women and children
have taken shelter on elevated pieces of lands
and on the railway line. Sufferings of the
distressed know no %-mw are starving
and some are being ill-fed with unboiled rice
which sells 5} seers s rupee. We hope and
trust men of sympathetic and generous heart
will at once come to our help.

The Bengalee, September 1.—

Flood in Dinajpur—On sccount of heavy
r:b-obu'm June ot iderably i:‘
of ¢ verage of t previous years, t| pools,
- were almost gnll to the brim

tanks, « ele,,

and the continuous down from the Zird

to the 260h A yesulted in » flood in the

town such s pot been witnessed here

'llhi-.l.i;ia‘ -A:-h.:' ""l-nlo houses both
a kutel ve collapsed. I-ﬂz::.
ubari, Balmadangs, (hasi , and P .

'ub-u-ln-du—‘-‘d' y.l--dﬁa

“Jaoes of life is appre !

The flood is not limited to a certain

Rajshahi). It has
Bogra lll’d in some of ml.;"r.
The Amrita Bazar Patrika : —

.\'f_plr-lkr 7. 1913 : (Editorial).—Heart-
rending details of distress occasioned

tnlhc:;l:::e to come from the districts of
Rajs Bogra. Nauguon, a subdivision
in the Rajshahi district, has I..G:d most and

thousand« of have been rendered
T Wo uheiees e o

£

i

under water and the condition is similar to
what was comsidered in the area affected by
the . Relief work has been
started at Naugaon and the Relief
Committee is doing its level best
to remnder as much p a8 is
possible with the resources at s di

We that a sum of Rs. will

be necessary for the relief of the

the aff area in the subdivision of Nau-
gaon. Of the 4,000 vil affected by the
flood the Committee has able to extend
relief operations to 100 villages only.
September 9 : Natore.—The whole of the
Singra Thana is o owing to the
abnormal rainfall in the last week of August.
The water has gone 4 feet above the highest
flood level In other words the are
homeless.
.\'fplrmbrr 11: Naugaon—8ix deaths are
reported.  The water seems to be
though the river on the east is one foot
than that in the west but flow is reta for
wunt of openings in the railway, at
Adamdighi. .
The Amrita Bazar Patrika :—

September 3— flood is
JesovLrces are inadequate,

workers and money are urgently

is received.

The Bengalee :-— ‘
" Mm

September 3 ; Flood in North
that ¢ i
Subdivision and

u
R is of & far more

Wi
i "-“‘-’ﬁz

—At N the Basar is
R ey ey
1

Keptember
under water. A v

Balibar is



«wuth to the consternation of the Committee
and its workers in the affected areas. A bar
rier has been created by high embankments
»f the junction of the E. B. Ry. and B. 8. B.
-ailway which cut each other nearly at right
angles at Santahar junction,

Tagore Estate Weekly Reports record-
ed (translated from Bengali) : —

Very beavy rain commenced from the 2ird
August and contirued incessantly till the 25th.
All kwtcha houses were destroyed in the sur-
rounding villages and the people fled to houses
built on high land and on the raised banks of
the Sara-Santahar railway line.

Rainfall Analysis.

In July rainfall was in considerable
excess in Assam (45 per cent. above nor-
mal). In August rainfall was again in
excess in Assam and was also consider-
ably above normal in Bihar.

Moderate or heavy
to fall from the 15th August
practically all over North Ben al.
On the 19th Sitabganj had 3-45 inches,
Birganj 330 inches, Jalpaiguri 3-40
inches, Nowkhilla 3:40 inches; on the
21st Mahadevpur had 341 inches: on
the 22nd Nawabgani had 319 inches,
Tanore 425 inches. Bogra 3-51 inches,

rain began

Malda 3-14 inches, Gazol 365 inches
and on the 23rd Saidpur 4%2 in-
ches. The greatest excess in the month,

200 per cent. above normal, occurred in

* the central area. The heaviest down-
rour was confined to the 3 days
from the 24th to the 26th. Except-

ing for a few isolated heavy falls rain-
fall decreased very considerably from the
27th and was nothing unusual for the
next 8 or 10 days.

The level of the Brahmaputra remain-
ed high throughout July and August.
The gauge reading at Gauhati register-
ed 29 feet on the 13th August and did
not fall below 28 feet in August. The
level of the Ganges on the other hand
was comparatively low. The gauge-
reading at Rampur Boalia fluctuated

:::z;hehigh level of the Brahmap
not beyond 24
rn:ed 18?2 szt) before the%t'h y
careful study of the flooded a

showadgutheﬂoywoftheexm
was mainly from the
:;: tbeh mth-eouuuut. The
throug] Ganges was i
impaired and the area on t::m 1
of the Ganges from Nawabganj to Goa-
lundo was practically free from i
On the other hand the banks of m
maputra from a little below Kurigaon to
GGoalundo were more or less submerged.

It will be noticed that the greatest
damage was done in the near neighbour-
hood of the areas of exceptionally heavy
falls and also in an area in Pabna near
the Sara-Sirajganj line between _Bhan-
gura and Ullapara. 3

The flowing down of water from the
north was a factor of importance only in
the central area, that is in the neighbour-
hood of Adamdighi and in the south-
western side near the Sara-Sirajganj
line. Drainage of water from the north
was not a factor of any importance in the
Dinajpur area.

The direct cause of the flood was the
heavy rainfall on the three days 24th,
25th and 26th of August. The heaviest
excess amounting to from 8 to 10 times
the normal fall occurred in the area
covered by the rainfall stations Rang-
pur, Parbatipur, Saidpur. Dinajpur,
Gangarampur, Gazol, Malda and Balur-
what and also in the area covered by Nao-
gaon, Tanore, Rampur Boalia and
Natore. The heaviest excess amounting
to from 3 to | times the normal fall occur-
red practically throughout the area cover.
ed by Sunderganj. Pirganj. Nawabganj,
) Gaibanda,

Nl i, A=

o

T AR s

PParbatipur, Gomastapur, ! !
Bogra. Sherpur and Sirajganj. A seri- i
ous flood occurred almost  immediately i
in the Raiganj. Dinajpur and Balurghs f
area but it is probable that the flood in )

this area  subsided comparatively i
rapidly. |

The flood in the neighbourhood of Nao-
gaon also occurred almost immediately.
This flood was due undoubtedly to the ex-
cessive local fall and also very likely to

e —







A flood of slight or moderate intensity
occurred in the end of August and in the
first week of September.

The Amrita Bazu- Patrika reported
m.—

August Notes.—The river

Padma is approaching the town with a rapi-
dity that has baffled all human skill to stop

29 : Pabna

August 30.—The erosion of the river Padma
which after consuming several villages near
Pabna is now threatening the district town
itself is indeed a matter of serious comsidera-
tion.
The Statesman published the follow-
ing on—

September 6: Pabna—Portions of the
compound of the Lisirict Magistrate's bunga-
low has been washed away by the river Padma
flooding from the Dewangunge ferry ghat up
to the District Magistrate’s house. A narrow
strip of land about 100 yards in breadth alone
mtervenes between river Ichamati and the
Padma which if covered will bring the two
rivers in contact

The Amrita Bazar Patrika had the
following on—

September 8.—A portion of the compound
of the District Magistrate’s bungalow on the
south-east corner has been washed away by the
river Padma........... The Private Secretary
to His Excellency the Governor ot Bengal has
sent the following letter to the Chairman of
the Pabna Municipality : * 1 am desired to
say that His I-vae?l.onc-y in Council is giving
the matter his careful consideration and the
Honble Mr. Cowley has recently visitea
Pabna to make enquiries regarding the posi-
O The representation has now
forwarded to the Secretary to the
Government of Bengal, Irrigation Depart-
ment.”

The Administration Report for 1919

In the Northern Circle the floods in the
river Ganges were unusually high and remain-
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ed above R. L. 6000

llr'u weeks. The i ipal
usurl was overtopped and breac i

Pllnn»: sluice No. 4 o: the r::‘?::l:e:' ‘;:l

:1) B was washed away on the 13th Sepu-h;

1919. The breaches have been filled up and

the question of reconstructi hed-out
sluice is still under consideration.

. The rahi(:nfall was above normal
uring the period 25th August to
6th September, but there was mo
exceptionally heavy falls and local rain-

fall could not possibly have been the
chief factor s

8t Rampur Boalia for

ning

_ Rainfall in August was above normal
in the Punjab, United Provinces and in
Bibar. A depression “appeared in the
north of the Bay c¢n the morning of the
23rd with centre nearly 200 miles east
of Gopalpur. It increased slightly in
intensity on the 25th, to move on
that day, crossed the Orissa coast on the
25th, anl filled up on the west of the
United Provinces on the 31st. The
fifth formed in the north-west le of
the Bay on the 30th and lasted till the
2nd September, when it reached Bihar.
These disturbances caused on many da;
widespread and heavy rain.” (Vide
Monthly Weather Review for 1919, page
95.)

The gauge readings at Mirz

( highest reading 4975 feet on the 12th
Aungust ), Benares (4350 feet on the
13th ), Buxar ( 3192 feet on the 13th ),
Dinapore ( 3390 feet on the 15th ),
.\lnug'h_\'r (2617 feet on the 17th and
15th ) show that the level of the Ganges
was abnormally high. The gauge read-
ing at Goalundo was bver 22 feet during
the greater part of August and the first
half of September.

The Pabna flood was thus probably
due to an overflow from the Ganges.



Nos. 23/1922/1, 24/1922/2,
25/1922/3, 26/1922/4, 27/1922/5
& 2%/1922 %)

The floods wers due to exceptionall
heavy rainfall in North Bengal. A dep
ression formed in the Bay of

Y <

the 21st September which passed due
porth and gave exceptional falls on the
23rd, 24th, 25th and 26th. The actual

rainfall for the week ending 27th Septem-
ber is shown mm Ma No. 2Z3/1922/1
The heuviest ramnfall occurred in  the
Atrai  and Purnabhava basins. The
percentage departures are shown in a
separate Map. No 25 1922 '3

The actual rainfall for this week at
some of the stations was of the same
order as the normal rainfall for the
three montns July. Asgust and Septem-
ber. Balurghat had 49-95" against a
tri-monthly normal of 3511"; Ganga-
rampur 37 037  (tri-monthly normal
41 =="): Churamcn 3290" (tri-month-
Iy wormal 35457): Gazol 31-647
(tri-monthly  normal 35207): Nithpur
27 05"  (tri-monthly normal 36-277);
Naogaon 31 42° (tri-monthly normal
33-9%7): Manda 34-35" (tri-monthly
normal  32577). Natore 27-75" (tri-
monthly normal 34 -257) It will be
seen tnerefore that in the central rain-
fall areas almost as mach rain fell in one
week as  during the course of three
months 1n a norinal year

I have determined the approximate
toundaries of the flood area from des-
‘riptions  given  in the daly news
papers as well as from an article in the

Modern Reriew .  November 1922, by
Megnad Saha. sma . pse.  Professor
of Physics. Allahabad University, Pub-
Ity Officer of  the North Ben-
Zal Flowd Committee This article
Was compiled from Ll the informa-
o whiuh  reached him n  the

conirse of has duties as Publicity Officer
T alses saw Lim personally and gathered
such information as T could from him

i take the following description from
has article -

By the 24th instant all the rivers in the
”‘"JW! dastrict begun 1o swell and overflow
their bauks. The ruin water accumulated i
South Divajpur, begun to move southwards
along the Atrai basins, along the fluw and
‘be Purnabhoabe

be rain waoter desending from the Bulurghat
subdivicion swept across the Bulusghat Hilli

th the -
upper section of
Jnm-_m- and Akkelpur at several
on the night of the 254 &Tke.br the !
instant § e g v
~ or Caleutta reached Parbatipur the
neXt morning, but could not proceed further,
because the line «-meb:silﬂ south of Parbati.
under L
news of the braach at A kke beca -
to the railway oﬁtill!\. le\':" b q
to stay at Parbatipar for four davs and were
then sent to Calcutta by another long devious
route. The breach was mot repaired till the
28th September, and the first train along this
track reac Calcutta on Monday, the Ist
(h-l‘:l'-r. On mnvli’ng further south, the flood :i
water came at right angles inst the Bogra-
Santahar line and blrrn.-h::tl‘ it at several
, east and west of Adamdighi. The
flood-water spread as far as Kahaloo, Thence
it made its way to the south through the
Raktadaha bil, to the Chalan bil tract in
Raj<hahi and Pabna to be again held up by
the . r:u;-p “'.lihh that line there
was a breac tween angura and Goak-
hn.tbouim:veq-erioun-e.

The western half of the flood wager, from
Dinajpur spread over the Atrai basin, com-
prising the whole of the Naogaon subdivi-
sion.  But it could not breach the railway line
which acted like a double dam across this
volume of moving water. The only way of

Sl i e ]

escape was through the channel of the Atrai
and some other small rivers which under such
exceptional  circumstances  could discharge
only a small fraction of the water accumulat- 7
ed behind it =

The flood water being held back effectively
began to rise in level and extent further over
the district People looked with dismay on
the boiling <heet of water beneath them
which seemed Likely to swallow everything
Iving above it. They soon saw their
fields, their homesteads, being sub
under water.  They were driven to take shel-
ter on hirh grounds, on trees, on boats, on
hastily o provieed rafts. on roofs of houses,
which began to collapse under them- and on
rarlway cwhbankments,  The waterdevel con-
tinged to rise till it exceeded the averuge
snnual flood level by ecight to nine feet. The
difierence of level on the west and on the eust
side of the railway line amounted to from
four to five feet, a clear indication that the
railway line was blocking the free passage of
water

worker of the Bengal Relief Committee
ul;a‘: n-ﬂtd the area on the 2od October, des-
cribes that the country looked like an open
sen, dotted here and there with lu]hlul'l:v‘!l
and patches of high land, on which o : ‘ -':
of people were huddled together, waiting

the water to subside

Water began to subside from hn.h_\.-':'b:
Wtk Septenher bt the process wis .\':'n.m""
amounting to only three iw hes in f~h“""
After the 30th, there were :.-nl-lulfﬂu‘lr In
of ruin, though not on @ vers l‘f“l]‘. feet of
s fortnight «1ith Octuber), unly three

.

i



the amen

this time the paddy
lying unuer 5 teet of
more than a fortnight were lost be-
of recovery. The ganja crop
a similar fate. In fact,
nothing was recovered from the watery gesert.

but houses and property in
he wake of the flood was sudden, and quite
as severe as im  Rajshahi. Owiag to the
breach, however, east and west of Adamdighi,
the flood water passed off rather quickly, and
much of the aman crop 1s said to have surviv-
ed the deluge.
In the Panchupore Singra area water

to rise from the 26th, on the 27th it was
from 6 10 7 inches higher than the wsual level
and remained stationary for 7 days, subsi-
dence began from the 4th Oectober.

I also quote in full his remarks on the
extent of damage done : —

It is best 1o quote from the official
communique which 1s held to be an under-
estimate by all nonotheial svisitors to the
scene.

The principal areas aficcted are nearly 400
square miles in the distriect of Bogra, 1,200
square mwiles in the distmet of Rajshahi in
varving degrees and a <small area in Pabna.
There has been a considerable loss of crop and
Hestruction of houses.  In the district of Raj-
shahi, it ix estimated that the loss of the
winter rice crop in the affected acea is on the

average 0 to T per cent, The loss of the
ganja crop - estimated at M0 per cent. ‘ln
Bogra, however, the loss of the winter rice

Crop s et estimated at more than 20 '_Ii 2P
per cent. of the whole.  The huts demaolished
or damaged in the area affected i the
distriet of Rai<hal are estimated at 50 or 60
per cent.  Many, however, with tin or thatch-
ed roals can be repaired again, |]| Bogra,
the loss of homesteads is not u--llmu_h'd at
more th 5 oper cent. or 10 per cent. in the
worst cases. The loss of the cattle is also
substantial.

A« to the non-official estimates we quote
the tollowing from The Statesman of the 15th
October : —

I he Giovernmental

estimate as to the

loss  of and damage to property s held
to b, in alinost  every respect, acon-
siderable  underestimate.”  In  the  Bogra
distriet the loms has been  estimat-
ed by the Assistant Director of  Public
Health at over one crore of  rupees, In the

village of Talson alone, seven small huts out
of fully 200 dwellings have been lett stund-
ng. g
..‘\'ln a visit to the Naogaon sahdivision 1
win on good authority to sy that the .-hnnn{r't'
1o property and destraction of cattle is mu |
mare  seviows than is indicated by officia
extimates.  The Naogaon  subdivision - |;
population of something over five lakhs nne
fully sinty thousand dweilings have boen des
troyed within its boundaries by the Aol

woent

" Practically all the i 2
3 ganja
damaged, while only an ,ln;::&l;

of !b:- Browing rice crop will be available
The area affected ; j ii

the area in Bogra, .I:ndn.:lﬂlt"r o s

T o P 1s admitted to be

. ~ v fo
:.I:::MA-IM' l'ul»nne:-l:llrn'i'vw?ln:! ‘-’?emh“ :
k together, t oods caused
total loss of six :-:-mhce»t ﬂmpn.-al.n" -

T e Estate Weekl
sla from the uriginai"

Very heavy rain conti i i
Pr ntinued without in
ruption from, the 2ird to 27tn Neplembe:' ::E

wd water rose very On the 26th

rapidly.
*ptember the flood ]e\'elpnn;- by about 4 feet

in one day and continued to rise st dily till
the 30th September. Most of ;.In- :n.m:(‘q are
+ under water and the majority of the mud-built

have collapsed. any
taken shelter on the banks of the ':: way h.n':

Rai Bahadur Rala Ram, c.1k.. 150,
late Chief Engineer, Eastern Bengal
Railway, at the request of the Railway
Board undertook an investigation and
submitted a report on tne December
1922. 1 take the following extracts
from his report : —

Reports (tran-
Bengali )(:——

The rainfall at Dinajpur and in the neigh-
bourh: flooded the

ood of Balurghat
Jumuna and Atrai rivers; and this
cou with the local fall at Naogaon
and in the north-west corner of Bogra
District, which is drained across the

muin line by the Tulsiganga (a tributary of
the Jamuna river), caused an un

flood in the lowdying country west of the main
line, from a point about 15 miles north-west
of Santahar to about 15 miles south of Santa-
har (about 2 miles beyvond the Atrai crossing).
Judged by the level of water on the floors of
the quarters in the European Colony at Santa-
har, the flood of 1922 was about 2 feet §
inches higher than that of August 1918

The flood water from this area has eventual-
Iv to drain into the Ganges at Goalundo, and
the velocity with which the water can drain
off the flooded area |Iv|n-|l|d- (I‘;“ the le:‘ol of

cater in that river. In the present year
:ll:"l- I‘:-l\":-lrnl the Ganges at Goalundo on 26th
September 1922 was 27 -2, whereas on the 25th
August 1918, the date of the previous flood,
the level stood at 23-1. In the present case,
therefore, the rate of flow was much n-'urddfd
and the rise of food level at Mnl{h;r. and its
neighbourhood was pm,mrnnnu!el_\ 3

1re Nantahar.—
Noods cast of man line above San \
T’Ilt",c'll":h:l'lt'lll area of the Tuls.l'm:nnﬁ:,.:ih'l::
is one of the tributaries of t.hc-ru e RN
“n« on the cast of the nuur: ll\;‘.h«
ot rinial . Balurghat o, e SO
cide of the main I:T::;l g o ﬂ\tvh:ﬂll

infall on a good this ©
n::::l" lu;\'v excecded 40 1nc he e
"' « that the Tulsigangn I‘nmu-l-: o
o‘i‘.:..l and its water lu‘-n!.l:z t'i:: 'l'r:ua g

- fai large contribu i w.:
.':: '?w“l‘a::c{ e gh o bridge over the Cho

P -



10 ..dr up against the east side of the railway
embankment which is mot very high It
evidently passed over the rails, and about mid-
pight of 25th September caused a breach to
the morth of Akkelpore station.

Bevond the Tul-iganga bridge the overflow
continued to run ~outhwards plﬁl“ to the
main line. There was some cross flow, from
east 1o west, through bridge « ings and over
the permanent way, but the bulk of the over-
flow found 11 way to the pocket formed be-
tween the main line and the Bogra branch.

Before concluding the subject of floods
this part of the country, it may be mentioned
that, just ~outh of Jamalganj station, the line
crosses 3 depression about a mile in length
with ically no ocutlet to the west. At
ths the overflow from the Chota Nadi
n the fir<t instance went over the rails from
east 10 wet. and subsequently returned to the
east side again (when the flood subsided). to
be fimally drained to the west through the
breach at Akkelpore.

Floods on Nantahar-Bogra Line —The
section mext to be dealt with is that from
Santabar to Bogra. This section has
most damage. extensive breaches having form-
ed on both sides of Adamdighi station, while
elsewhere right up to the Nagore bridge bal-
last was washed away down stream for com-
siderable distances. Two small bridges were
entirely wrecked, and minor damages were
caused to some other bridges. Most of the

on this section occurred ;aﬂ‘y on tb:
2ith September, the last train which passe.
over this section being 1 Down, which s due
at Santahar at 590,

For the first 3 miles where 200 feet of
waterway eXists, the flood level on this section
weems 10 have just reached the top of forma-
tion. Beyond this poini there was no open-
ing for about 2] miles: and in this Jength the
water went over the rails, the line from mile
177-19 1o 13512 being

aggregat :
mile 181 1o 1854 the flood was high
to wash the hallast away from certain lengths.
Talora station yard was sl badly :

Tb'uu‘bl'i-'brprwgtymh-b.-n
due to the fact that in sddition 10 the flooding
?" 1o the heavy b--uLni-l:ll..‘fb.:m"..

rom Tulsiganga on the north-west,

Nagore on the northaast side, had 10 be paseed.
[P |h-.—”. n\:- bisz at least 2 feet higher
than ever known before.

rrb.'ﬂ:..- the " .
rom pd

Engineer. Eldml“m-“uE,L
District, 1 find that s

i

investigation about the
Ganges and notes - —

A glance at the river levels will shos

he Gungee 2t Geniene B o
the
The

Rai' Bahadur Rala Ram made special
level os:h

rnse  from 2rd to 23t September.

total rise in this period l..'i'.g 1-30 feet.

river was then steady for 3} days, and m
the end of September and 5th October there
was a further rise of 40. The fall commene- -
ed on the 6th when the river started goi
down at the rate of 6 inches day. It s
no wonder therefore that the I:ds remained

:‘:':: and other areas till the middle of

He also mentions in this connecti
that the level of — g

both the Gang< and the Brahmaputra were
rising at the time and were 4 feet to 5 feet
higher than the normal level at this time of
the vear. Excepting in the years 1920 and
1921 when the levels oi the Gianges at Goalun-
do were between 270 and 280, the levels for
the last week of September during the last 12
veurs have never been higher than 23-5, and
iln. some years the levels have been as low as
7 5.

Lieut -Col. C. R. Hearn, n.s.0., RE.,
Chief Engineer. Eastern Bengal Rail-
way, wrote a note on the Report of Rai
Bahadur Rala Ram. The following
extracts are taken from this note : —

It seems that the flood moved at about 10
miles per day down to the Atrai crossing of
the main line and at about 6 miles per
from that crossing of the Bogra line to the
Sara-Sirajganj line.

The high floods of 1922 were caused by a
concatenstion of three unfa circum-
stances—

(a) heavy rainfall east of the -ai'- Ifu,
b) heavy rainfall west of ‘ih main line,
(¢) & relatively high level in the Ganges.

: rred singly the
Mad cither (@) or (b) CECT e Hooded

;W
::".'f..."::'.ﬁ or to the same estent. 3
byidges in the main line would bov: been ~
10 dischaige water continuous l‘nh:-:nu
already full of water. altho whﬂ
would have been stressed to 8

by n‘r.‘”‘"l-



Rainfall Analysis.
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The following table gives a detailed
analysis of the rainfall in each flood-area
for gach day of the week ending 27th

September 1922  Under each day,

the'

fmu row gives the actual rainfall in
inches, the second row gives the excess

rainfall divided by
tion, and the third "u: :':lﬁld devia-
divided by the daily same excess

For certain sta

. normal rainfall
tions for which individual

S.Ds were not available used
average S D for the lrﬂ' m«“ﬁ:

Iliuﬂ :

Day. Al A-2
Ab B I B2 B3 c e
2 Cc3 Whale
- aroa.
September 1922 T =
2 st - 3" 008" - 30" -
1-30 04y Nl o2 | o aa ar | ene | o.ape
—~0-52 | —0- & + 0.9 o s
~0| 0w | o | 922 +0-03
- 39 LA 1400 =
S ot | a8 B s ). =y vea| 41v0| _g +0
22nd =% 107" 113 08" . 54" - .
1-05 089 054 0Ny 06 | 047 | 004" | oM
+« 00 . N
03 |+0-78 (4061 (4023 |40-31 (4+1-2¢4 |+0-42 |40-01 +019 jo-T8
7»‘7‘“7_1_& 7__“N~_~ a« B e R N LI S E I PR TR P
— = 58 = S
23ed 061" 0-35 1-2¢° 1-80" 0-47 1-21° 1-61° 0w 0 . 1-o02*
—0-16 |-0-29 |. 084 [+087 (4030 |13-04 |+2:12 |—0-09 |40 83 +0-98
c .. l!” R s IAs ‘ I:Il_ + 154 + 3 .‘ an + 380 —16 |4 »a + 187
| | —t— B —
20th 0 48" 0-N7" ‘ 2-45 218" 2-79 2-86° | 57T | 331" | 4 &y | 3
-0-31 0 0 + 2.3 +1:39 ""7' +08:72 (49108 (43 T 4770 (44
- 36 |+ 53 B3 4246 470 ) 41850 |4 e85 4 02e0 (4 Ten
— —— — e e | e i —— ———
25th 1-42° 091" 2 .0 30 54 3417 | 698" | 547 | 649 | 481"
J |09 0-42 272 4230 |[+T7-98 4004 [HH10T (4681 (40000 (w627
s
+ 91 + 80 L + 407 + 1488 (41078 (41890 |4 1218 (4 1808 |4 1008
— — e R e e
26th 0-32° 057 1-48 1-58° | 10-26" 2-68° | 432 | 670" | s | 428
0 50 Nl 1-03 (4085 [+15:60 |4+5-32 (4670 |48 17 |4 1558 | 4587
— 87 o0 + 173 + 181 + 2918 |4 W28 L:nu 41830 |4 2577 (4 W
27th .. o 006" 031" 096" 1:64" | 080" 2-23° 234" | 81w | 3.4 | 2-08°
_0-81 |-0-3¢ |-0-49 |40-m1 |4072 |44:32 |43-38 (4601 (4567 287
. “ 276 | 4148 | 4138 | 1000 | 4000 |41128 | 403N | 4N

It will be seen from the above table
that rainfall was in slight or moderate
excess in the first three days: the heaviest
fall on the 21st occurring in ((*-2), on the
22nd in (B-3), and on the 23rd in (C-1)
and (B-3). Rainfall increased very con
siderably on the 24th, attained a maxi-

mum intensity on the 25th and 26th.
decreased considerably on the 27th

and
On

the 24th heaviest falls occurred in (C-1)
and (C-3), and on the 25th and 26th
practically all over the central and sou-

thern districts.

It will be noticed in the map for 1022,

that the flooded area is divided into

two

portions

loprmnlinr
and the othe ' .
representing the area of comparatively
slighter floods. For purposes of com-

parison I )
areas nop.rnlrly i
which gives (for the
27th Septem

weekly
column

deviation, column (3) t
(in inches), colum
(in inches). column (5)
¢d as a percen

one (with the darker shading)

the area of deepest floods,
r (with a hghter shading)

have considered these two

n the following table,
whole week ending

ber, 1922) 1n column (1) the

| rainfall (in inches),
(3')"-:'}'1: w:ekl_v mean standard

he actual rn!'nfall
n (4) the excess rainfall
the excess express-
tage of the normal, and in

/7
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column (6) the same excess divided by the It will be seen from the above table |
SD. — that the intensity of rainfall

in the area of M},lﬂdu
Sommal (Samiued| Actual | Eneem | Exem | Bvees  the intensity over the whole of the flood-
fallm |tim Gn | talGn |l (cowage | SD. ed area was greater than that over any

. other area. It will also be seen Yhat
e rainfall in the north, i.e., in areas (A-1)
(A-2). (A-3) and (B-1), was not far from
normal, and water coming from that
region could not have been a factor of
@] 23 | 2o |27 W e 120 "y -~ % :

I have left out further mnndentm

MBeary| 235 | 20 |36 | 2o | 1200 | U
o | 2| 2w |56 | S| s | e

c3 27 | 2w | oE |snr| e [+11'T

s1 . |or | ew]| 37|-2¢]| -2 |-0o of the present flood, as a full discussion
a2 .| e¥r | o130 | exl-25| - |- 0@ of this flood will be found in the main
a3 e lsw| wrlise | |10 rantoflheﬂwdeiﬂullwdlu
g1 | ew | o3| e lsme| 2 |s2  in other appendices attached thereto.
B2 - 27 | 2@ 197 +170 | 460 |+ 84

B3 2y i 1o | we js1zy | +55 |+ 68

c1 .. |3z | 23| ur|sne| 16 |00

c2 37 | 3w | uw sz | 4572 |+ ¢
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