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Effect of steel mills on rainfall at distantly located stations
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ABSTRACT, Based on the target-control concept as in the design of conventional cloud seeding experiment,
the monthly rainfall data of February and August of four raingauge stations, situated from 100 to 200 km from
the Jamshedpur-Burnpur steel mills complex, have been analyssd for the four successive 21.year periods comm-

encing from 1872,

an period decreases ranging upto 63 per cent in the February rainfall and upto 27 per cent

in the August rainfall have been indicated at the target stations since the establishment of the steel industry in
the region. Application of statistical tests on the ratio values of rainfell of the target to that of the control has
pointed out that changes indieated in the February rainfall, in some cases, are significant. It has been argued that
the process of rain development, characteristic of the winter clouds in the region, could be sensitive to efiluents from

the steel mills.

1. Introduction

Divergent views have been expressed about
the effect of local pollution on rainfall in regions
downwind, Changnon (1968) has shown that 31
per cent more precipitation occurred at La Porte
which is about 50 km from the large complex of
heavy industries at Chicago. But, Holzman and
Thom (1970) have questioned the statistical vali-
dity of the precipitation record of La Porte as
used by Changnon. Ogden (1969), searching for
rainfall anomaly near the iron and steel plant
of the Australian Iron and Steel Pty. Ltd.,
at port Kembla, has failed to establish
such sizeable influence on rainfall within 120
km of the industry. However, Hobbs et al.
(1970 a, b) have found large increases in the
mean annual precipitation, exceeding 30 per
cent in some cases, in regions adjacent to
or downwind of pulp and paper mills and
certain other industries in Washington. Thermal
island created by the heat added to the atmosphere
on account of the steel works in the region has been
considered to be the main cause for the increase in
rainfall at La Porte, whereas the comparatively
few numbers of very efficient cloud condensation
nuclei added to the atmosphere on account of the
pulp and paper mills and other industries in the
region have been cited as the cause for the increase
in precipitation at Washington.

Industrial pollution appears, therefore, to
influence the normal rainfall sometimes by amounts
even greater than to be aspired in the present-day
weather modifieation experiments. It is necessary,
to know, therefore, as to what extent natural
rainfall is being affected in those regions which have
been under the influence of large industrial com-
plexes and which also frequently face shortages
of natural rain. Such information will be of use
while planning weather modification experimeats
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in any of those regions and also while considering
setting up similar industries in new regions. As
rainfall data for sufficiently long periods, both prior
and subsequent to the setting up of the industry,
are required for a proper investigation, the study
becomes naturally restricted only to those regions
for which such long-period rainfall data are avail-
able,

The effect of industrial pollution on rainfall
has not been specifically examined for the Indian
stations although a number of studies have been
made on the secular trends and variations in rain-
fall for various regions of the country. While such
studies made by the earlier investigators, viz.,
Pramanik and Jagannathan (1953) and Rao and
Jagannathan (1963), have not shown tendency
for increase or decrease of rainfall at any of the
stations or areas, it is interesting to note that a
recent study by Koteswaram and Alvi (1969) has
revealed that the rainfall of certain west coast
stations has increased by 30 to 35 per cent during
the present century. The role of local pollution on
such large changes noticed in rainfall is not known.
While no attempt is made here to examine the
issue with reference to the west coast stations,
which usually do not face shortages of natural
rain, it is felt that the question should be readily
examined in the case of inland stations where rain-
fall is less (need for additional rain by cloud seeding
exists in such cases) and where industries have been
existing in the vicinity. In view of the fact that
the premier steel works of the country having the
longest standing have been situated at Burnpur
(23°41'N, 86° 59'E) in West Bengal State and at
Jamshedpur (22° 49'N, 86° 11'E) in Bihar State
and also keeping in view that steel works, as
demonstrated by Telford (1960) and by Langer
(1968), could be prolific sources of ice-forming
nuclei which might in turn have profound influence
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Locations of raingauge stations with respect to
Jamshedpur-Burnpur Steel mills complex

on the rain yield form clouds in theregion, a study
is undertaken in the following to see whether
this steel mills complex on account of any
such possible effect of the effluents from it has
been influencing the rainfall of that region. As
the nearest of the suitable raingauge stations,
under the control of the TIndia Meteorological
Departmet, for which long period rainfall data
are available, are situated at 100 to 200 km distance
from the steel mills complex, the present study is
limited to such distantly located stations from the
steel mills. This distance is within the limit of
influence known of some of the cloud seeding ex-
periments reported, which was beyond 200 km
(Brier et al. 1967 and Neyman ef al. 1969).

2. Location of steel mills and selection of raingauge stations
for the study

The managing agency of the Indian Iron
and Steel Company Ltd., located at Burnpur,
passed into the hands of Martin & Co. in the year
1892 and the company then began to expand and
develop into the organisation as it exists today.
The Tata Iron and Steel Company came into
existence at Jamshedpur in 1907. There was no
other steel industry in the region until as recently
as 1959 when the Hindustan Stecl Ttd. started its
first chain of the threesteelmills in the country at
Durgapur (23°29'N, 87°19'E), Rourkela (22°13 'N,
84°63'E) and Bhilai (21°12'N, 88°25'E), in the
states of West Bengal, Orissa and Madhya
Pradesh respectively.

The selection of raingauge stations for the study
in a situation as at present, where the effect of
two steel mills located in separate but not far
distant regions has to be taken into account

simultaneously, poses some problem hecause the
same station which is to be considred as the con-
trol (upwind station) with reference to one steel

mill has to satisfy the requirement of control
station with reference to the other steel mill too.,
The following criteria have, therefore, heen ob-
served in the selection of stations : () the stations
chosen should be so located in the four quadrants
with respect to the point midway between Burnpur
and Jamshedpur (Jamshedpur is about 125 km
southwest of Burnpur) that the particular station
which lies in the upwind direction serves, with
reference to the others, as the control for hoth the
steel mills, (b)the stations are located as uniformly as
possible with respect to the point midway between
Burnpur and Jamshedpur, and (¢) reliable rainfall
data are available for the stations considered for a
period of atleast 20 years before 1892, The four
stations selected which satisfied these criteria are
Berhampore (24°08'N, 88°16'E) in the northeast,
Midnapore (22° 25'N, 87°18'E) in the southeast,
Chaibasa (22° 33'N, 85° 49’E) in the south-
west and Hazaribagh (23° 59'N, 85° 22'E) in
the northwest quadrants. The stations are situated
at distances ranging from 100 to 200 km from the
poiat midway between Burnpur and Jamshed-
pur and their lo ations are shown in Fig, 1.

3; Considerations of control perfod and eontrol and target

stations

Monthly rainfall data are available for the four
stations referred to above from 1872. Data for only
two months, namely, August and February, which
are representative of the monsoon and winter
periods, when precipitation processesin the cloud
are considered to be different, have been taken into
account in the present study. The data available
for the period before 1892 (this period is designa-
ted in the present study as the pre-industrial
period) are considered to from the control data for
the subsequent pariod (the period after 1892 is
designated as the industrial period) ending 1955 up-
to which the available rainfall data have been
considered. Data relating to the number of rainy
days in each month are available from 1875 and
these data have also been considered for the two
months under study. Analysis has been made
separately for the two months,

It is regarded that the influence, if any, of the
steel mills on rainfall may become detectable at the
station situated in the downwind quadrant (target)
with respect to that situated in the upwind
quadrant (control) because the effluents released
tend to move with the wind. The winds of Jamshed-
pur and Asansol (this station is very elose to
Burnpur) for 0000 and 1200 GMT as available upto
1-5 km (this height is considered roughly to cor-
respond to the cloud base level) for the period
1951-1963 have, therefore, been examined in order
to decide which of the quadrants serves, with
respect to the steel mills complex, as the control
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and which as the target. The analysis has been
done stratifying the data into two categories, rainy
days and non-rainy days. The 13-year period refer-
red to above has been chosen because data for this
period are readily available on punched cards.
The mean percentage frequencies of winds in the
four quadrants for 0-3, 0-6, 1:0 and 15 km have
been given in a cumulative maaner in Figs. 2 (a)
and 2(b), for rainy days and non-rainy days
respectively. The frequencies referrel to are
plotted on the lines bisecting the quadrants.

The winds on rainy days (Fig. 2a), which only
have been considered in the present study, are not
the same as those on non-rainy days (Fig. 2b) in
both February and August. From Fig. 2(a) it is
seen that the winds extend into all the four quad-
rants suggesting that no quadrant can beuniquely
considered for the purpose of either control or tar-
get. The next alternative left, therfore, has heen
to consider the quadrant of maximum cumulative
frequency as control and the remaining quadrant
as targets (mean target andsubsidiary targets in
the manner to be explained) and thisis what has

been done. In the month of Feburary, the s.outh-
west quadrant, which is associated with maximum
cumulative frequency becomes the control. The
opposite quadrant, northeast, becomes the main
target (MT). Of the two remaining quadrants,
the northwest is associaed with the next maximum
cumulative frequency. The opposite quadrant,
which is southeast is designated as the first sub-
sidiary target (ST)) and the other quadrant being
designated as the second subsidiary target (STy).
The quadrants have been classified, on si tml'ar lines,
in the month of August also. Rtated stationwise,
the classificatin made is as shown in Table 1.

4. Correlation of rainfall of control station with that qf targel
station

The control and target stations, to be chosen for
this study as on similar lines in conventional
cloud seeding experiment. should satisfy one im-
portant eriterion, namely, the rainfall value of the
two stations during the pre-industrial period shm.lld
show a high correlation, so that the amount’ of
rain which would have fallen at the target station in
the absence of the industry can be estimated from
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TABLE 1
Control-target elassification of stations according to month

Subsidiary Target

Month Control Main e e
(Q) Target STy ST,
(MT)
Feb Chaibasa Berhampore Midnapore Hazaribagh
Aug .Midnnpnm Hazaribagh Chaibasa Berhampore
TABLE 2

Correlation coefficient between monthly rainfalls of control
station and other stations

Period
Target , A —_
1872.  1893-  1914-  1935-  1803-
1892 1913 1934 1955 1955

February (Control: Chaibasa)

Berhampore 0-53 085  0-64 0-68 068
(MT) (0-03) (0-830) (0-24) (0-18)
Midnapore 0-50 092 0-72 0-75 0-82
(8T,) (<0:01) (0-14) (0-10) (0+01)
Hazaribagh 084 074 076 067 073
(8Ty) (0-20) (0-24) (0-11) (0-13)
Total target 075 0-93 0-84 0-77 0- 86
(0-03) (0-24) (0-44) (0-14)
August (Control : Midnapore)

Hazaribagh 037 034 —0:23 0-22  0-11
(MT) (0-46) (0-03) (0-31) (0-15)
Chaibasa 0:60 0-55 048 0:25 041
(ST,) (0-42) (0-31) (0:09) (0-186)
Berhampore 0-24 010 023 015 017
(ST,) (0-32) (0:50) (0-40) (0-40)
Total target 063 054 027 0-32 037

(0-35) (0-08) (0-12) (0-10)

Figures in brackets show-the levels of significance of the
difference in correlation between the given period and the
control period for one-tailed test

the rain which fell at the control station after the
commencement of the industry. The correlation
coefficient found of monthly rainfall of the control
station with that of each of the target stations for
the pre-industrial period is given in Table 2. The
values obtained in the case of the main target
stations are small, 7.e., 0:53 in February and
0-37 in August. However, the control station
rainfall is seen to be correlated better with the
rainfall of one of the subsidiary target stations,
namely, Hazaribagh in February and Chaibasa
in August (vide figures under column 2 of Table 2).

The low values of the correlation noticed between
rainfall of the contiol and the target stations,
as considered, therefore, constitute a drawback
in the present study.,

5. Analysis

The monthly rainfall data have been grouped,
for the February and August months separately,
for each successive 2l-year period commencing
from 1872, The 2l-year period considered is
arbitrary, The data have been treated as follows: (1)
by preparing double mass curves and estimating,
from the slope changes noticed in them, departures
in rainfall at the target stations during the different
time periods after 1892, (2) by considering the
mean rainfall values for different time periods from
the basic monthly rainfall data and estimating on
the basis of the control data, departuresin rainfall
at the target stations during the different time
periods after 1892, and (3) by calculating the rank
correlations of target-to-control rainfall ratio
values with the time and examining from the
values so obtained whether significant variations
have taken place in the trends of the rainfall ratios
after 1892,

(#) Double mass curves

The double mass analysis, which is based on
slope changes of the double mass curves, is con-
ventionally used for identifying or adjusting incon-
sistencies arising out of the non-representative
factors such as change in location or exposure chan-
ges in the rainfall record of astation, by comparing
its time trend with that of other adjacent stations.
But, in the present study, this method has
been used for estimating the departures in rainfall
at each target station by comparing its time trend
with that of the control station. The assumption
tacitly made for this purpose, although question-
able, has been that the changes noticed in the slopes
of the double'mass curves are entirely due to
changes caused in the rainfall trends. The assump-
tionis partly justified because it is noticed from the
station history sheets available that, of the four
stations considered in the study, the location of one
of the raingauge stations, namely, Midnapore, has
not changed since its first installation and that the
locations of the other three stations have under-
gone only minor changes. Analysis by double mass
curves is also a technique which is sometimes used
for evaluation of weather modification experiments
(Dessens et al. 1970).

Double mass curves have been prepared (vide
Kohler 1948) for the three target stations with
respect to the control station for February and
August separately and given in Figs. 3 and 4
respectively. The points corresponding to the
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TABLE 3

Percentage departures in rainfull evaluated from slopes
of double mass regressions

Period

Target ———— A

1S03-1913 1914-1934 1935-1955 1893-1955

February (control : Chaibasa)

Berhampore -63 =53 -37 —al
(MT)
Midnapore —48 -28 —31 31
(ST,)
Hazaribagh —6 21 23 15
(8Ty)
Total Target —43 —24 —20 26
August (control : Midnapore)
Hazaribagh 6 -1 -1 6
(MT)
Chaibasa —3 -7 —16 )
(STy)
Berhampore 0 —27 -7 —10
(8T,)
Total Target 1 -11 -8 —4
TABLE 4
Period mean rainfall in inches
Period
Target —— A

1872 1803 1914- 1935- Isﬂ?
1892 1913 1934 1955 1955

February
Chaibasa 084 1- 86 1-18 0- 86 129
() (1-03)  (2-34) (1-47) (0~ 80) (1-71)
Berhampore 105 092 0- 649 0-73 078
(MT) (1-26)  (1-19)  (0-62) (1-26)  (1-07)
Midnapore 1-09 1-44 1-15 0-97 1-19
(ST,) (I-44)  (1-97) (1-89) (1-18) (1-66)
Hazaribagh 0-81 150 1-36 094 1-27
(ST,) (0-91)  (1-54) (1-33) (0-77) (1-35)
Total Target 0-98 1-29 1-07 0- 88 1-08
(0-95)  (1-42)  (1-11) ©-97) (11,
August

Midnapore 1290 11-60 13-22  13-96  12-93
() (6-29)  (3-51) (4:50) (5-01) (4-49)
Hazaribagh 13-30 12-65  13-42  14-17 1341
(MT) (4-22)  (4:22)  (5:26) (4:91) (4-86)
Chaibasa 1325 12-25  12-33 1250 12-36
(3Ty) (5-44)  (3-98)  (4-47) (3-70) (4-06)
Berhampore 11-86 10~ 81 930 1215 10-78
(8Ty) (£:90) (4:22) (+74) (4 10) (4-51)

Total target 12:80  11-90  11-71  12-¢

4 12-18
(3-17) (2 50) (2:61) (2:77) (2+68)

Values of standard deviation aro given in brackets

yvears 1872 and 1907, which have bheen referred to
under 2, are shown in the figures.

The cruves for the industrial period of February
showed larger deviations than those of August
from the corresponding curves for the pre-indus-
trial period. Also, it is noticed that the curves
relating to Berhampore, which is the main target
station in February, showed the largest deviation.
For no station and for no time period the double
mass curve obtained was a straight line, possibly
due to the poor correlations of rainfall referred to
carlier.

Based on the equations obtained for the best
fit straight lines, the percentage departures in
rainfall during the three industrial periods from
that of the pre-industrial period have been cal-
culated for the different stations and given in
Table 3. Negative departures have heen mostly
noticed both in February and in August. These
departures ranged upto 63 per cent in February
(as in the case of the main target) and upto 27
per cent in August (as in the case of the second
subsidiary targe!). Considering the entire indus-
trial period as one single period, and the three
target stations as one single target, it is seen
that the departures continue to remain negative,
heing 26 per cent in February and 4 per cent
in August.

(1) Period mean rainfall

The values obtained of the mean rainfall for
February and for August during the successive
2l-year periods are given in Table 4. Also, the
values of the rafio of mean rainfall at each target
station to that at the control station are given
in Table 5. The percentage variation in rainfall
suggested during the industrial periods is given
hy figures in brackets in Table 5. The following
features noticed are of interest,

February — The total amount of rainfall re-
ceived in the month was small, i.e., about 1 inch,
and it fluctuated widely from year to year (vide
the values of standard deviation in Table 4 which
are found invariably larger than the period
means). The rainfall in industrial periods at
three stations, one of which is control, recorded
increase, sometimes even exceeding 100 per
cenf, as compared to the rainfall in pre-industrial
period (vide Table 4). However, considering the
ratio of rainfall received at each target station
with that at the control station (vide Table 5),
it is mnoticed that the mean rainfall at the target
stations, with respect to the control station,
showed more often a decrease in the industrial
period as compared to what it was in the pre-
industrial period (wide figures in brackets of
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TABLE 5

Ratio of pariod maan rainfall of each target station fo that
of the control

Period
Target — oA ——y
1872- 1803- 1914- 1935- 1893-
1892 1913 1934 1955 1955

February (control : Chaibasa)

Berhampore 1:25 050 060 0:85 060
(MT) (—60) (—52) (—32) (-—b2)
Midnapore 1-30 0-78 1: 00 1-12 0-92
(8Ty) (—40) (—24) (—14) (—29)
Hazaribagh 096 0- 81 1-18 1:10 0-98
(8Ty) (—18) (+28) (+414) (+3)
Total target 1-17 0:69 0-92 1-02 0-83

(—41) (—21) (—13) (—29)

August (eontrol : Midnapore)

Hazaribagh 1-03 1:09 1-01 1-02 1-04
(MT) (+6) (—2) (-2 (+1)
Chaibasa 1-03 1406 093  0-9 098
(8T,) (+3) (=9 (-13) (=7)
Berhampore 0-92 0-93 0-71 0-87 0-83
(8T,) (+1) (-23) (-5 (-9
Total target 0-99 1:03 089  0-93 004

(+3) (11) (=7) (-9)

Suggested percentage changes in rainfall in the industrial
poriods are given in brackets

Table 5). The decrease noticed ranged, in the
case of the main target station, upto 60 per cent.

August —The relative variation noticed in
rainfall from one period to another at different
stations during this month is much less than what
it was during the corresponding period in the
February month (compare figures of February
and August in Table 4). Considering the ratios
of rainfall at each target station with that at the
control station it is seen that in the later two of
the three industrial periods the mean rainfall at
all the target stations, with respect to the control
station, showed only a decrease (vide Table 5).

(ii) Application of statistical tests on ratio values

The individual monthly ratio values obtained
period-wise of the target-to-control rainfall have
been subjected to (1) Cramer’s test (parametric)
for comparison of means of sub-periods with the
mean of the whole period (Cramer 1946), (2)
Student’s t-test (parametric) for the difference
between the two means (Fisher 1925), (3)
median (non-parametric) and (4) Mann-Whitney
(non-parametric) tests for difference in location
(Mann and Whitney 1947). The results of tests
of (1) and (2) are given in Table 6 and of (3) and

(4) in Table 7. A summary of the tests which
showed statistical significance at 10 per cent level
is given in Table 8.

In the month of February, the main and the
first subsidiary targets showed statistically sig-
nificant departures. But, in August, it i8 only
the second subsidiary target which showed such
departures. In both the months these departures,
as have already been pointed out, are negative.

(i) Trends in rainfall

Spearman’s rank correlation ceofficients, with
time, of the February and August rainfall have
been ealeulated (Woodcock and Jones 1970).
Such coefficients, with time, have been also cal-
culated of the target-to-control rainfall ratios,
The levels of significance of the t-statistic eva-
laated from the rank correlation coefficients,
are given in Tables 9 and 10.

The rainfall patterns, during February of all
the stations have indicated statistically significant
negative trend in the latest 21-year indus-
trial period considered, namely, 1935—1955.
The rainfall patterns during August of all the
stations also indicated negative trend during
the same period, but it is significant only at the
main target station. However, the target-to-
control rainfall ratios both during February
and August have, in general, not shown signifi-
cant trends either in the pre-industrial or in the
industrial periods.

(vi) Progressive variation in correlation between
rainfalls of the target and control stations

As already mentioned, the rainfall at the control
station was found poorly correlated with that of
the target station in the pre-industrial period.
However, if there are systematic changes taking
place in the rainfall of one of or both the stations
in the industrial period, the feature may be re-
flected by a different value of the correlation co-
efficient of the target-control rainfall in the in-
dustrial period as compared to what it was in
the pre-industrial period. With a view to exa-
mining this feature, the values of correlation
coefficient of rainfall of the control station, with
that of each of the target stations have been
evaluated, for the three successive industrial
periods considered. The values, which are given
in Table 2, point out that, in February, the corre-
lation coefficients for the main target station
and one of the subsidiary target stations have
considerably improved in the industrial period.
But, in August, the values have deteriorated at
all the stations. Some of the variations noticed
in the correlation have heen statistically signi-
ficant at 10 per cent level (vide figuresin brackets
in Table 2). If improvement in corre'ation is
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Levels of significance from Cramer’s test (one-tailed) and from student’s - test (one-tailed )

Target

Cramer

's test

——

Student’s -test
Wl LR 3
1893-1913 1914-1934 1935-1955 1893-1955

February (control : Chaibasa)

Berhampore (MT) 0-37 0-32 0-18 0-40 >0-45 >0-45 0-03 0- 40
(+) (+) (-) (—) (+) (+) (-) (—)
Midnapore (ST,) 0-20 0-12 >045 0:02 0-08 0-056 014 0-02
(=) (—) (=) (—) —) (—) (—) (=)
Hazaribagh (ST,) 0:32 >0-45 0-18 0:30 >0-45 0-32 0-21 0-30
(+) (-) { =) (=) (-) (=) (=) (—)
Total target >0-45 =045 016 016 0-32 0-27 005 0-16
(—) (=) (=) (=) (= (-) (=) (—)
August (control : Midnapore)
Hazaribagh (MT) >0-45 0-44 030 0-31 035 0-44 0-25 0-31
(—) (+) =3 (—) (=) (=) (=) (-)
Chaibasa (ST,) 0+ 25 025 017 017 0-44 0+ 20 0-12 0-17
(+) (— (—) {(—) (—) (—) (—) (—)
Berhampore (ST,) 0-31 0-03 0-44 0-07 0-30 004 0-17 0-07
(+) (—) () (=) (—) (—) (—) (=)
Total target 0-35 0-16 0-25 010 0-30 0-12 0-11 0-10
(+) () (=) {—) (=) (—) (=) (=)
TABLE 7

Levels of significance from the median test (two-tailed) and from Mann-Whitney test (one-tailed)

Target

Median test

—h

r ——
1S93-1913 1914-1934 1935-1955 1893-1955

Mann—Whitney test
iy

Berhampore (MT)

Midnapore (ST;)

Hazaribagh (ST,)

Total target

Hazaribagh (MT)

Chaibasa (ST,)

Berhampore (ST,)

Total target

0-30

030

070

0-99

0-99

0-99

0 O4%

0-99

099

020

50

0- 80

0+ 80

070

070

0-70

0+ 99

0-70

February (eontrol : Chaibasa)

0+ 10*

0-50

- 99

0-99

002
(-)
0-04
{-=)
0+39
{—)
0-04
(-)

August (control : Midnapore)

0+ 50

009

0+ 80

0-50

0-42
(-)
0-42
(+)
038
(-)

0-40
(—)

0-32
(=)
0-22
(=)
0-03
(-
0-09
(—)

0- 46
(=)
0:19
(=)
0-43
(=)
0-22

(=)

’ ity
1893-1913 1914-1934 1935-1955 1893-1955

&

o

— ]

0-
(

0-17
(-)

0-17
(—)

Under the median test, the significance level is hig

her than the given value, except for the values marked by *
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TABLE 8
Summary of tests in Tables 6 and 7

1893 —1913 1914-1934 1935-1955 1893-19556

= ———— e —y A

e N iz T P r .
Cr St MW Med Cr St MW Med Cr St MW Med Cr St MW Med

Target

February (control : Chaibaga)

Berhampore (MT) —_— —_ * —_ — = * * = * * =% A i * -
" Midnapore (ST,) — * AT * * e Y L 2 * * et
Hazaribagh (ST) o — —_ - - - — — — = hal i et = = L
Total target -— — - o — — - - - - - - — = - v,
August (control : Midnapore)
Hazaribagh (MT) .- — — —_ — — — = a LKL pl 1° e oy A s -~
Chaibasa (S8T,) —_— - —_ — — —_ - L L e Tk U B i all o
Berhampore (8T,) - —_ — — b * * - = = e e * * i’ s
Total target —_ - —_ = = = . - — i e = * * gk T
Significant location is shown by star (*) and the other by dash (—)
Cr : Cramer’s St : Student’s MW : Mann-Whitney Med : Median

TABLE 9
Lavels of significance from (-test for Spearman’s rank eorrelation coafizlents between rainfall and time (onestailed)

Period
Target — JEF =

1872-1892 1893.1913 1914-1934 1935-1956 1893-1955

February
Chaibasa (C) 0-35( =) >0-45(+) 0-30(+) <0-01({ =) 0-20(—)
Berhampore (MT) 0+25(—) 0+ 30(—) 0°09(+) 0+ 10(—) 0+ 32(—)
Midnapore (8T}) >0-45(+) 0-30(+) 0-12(-) 0-02( =) >0 45(—)
Hazaribagh (STy) 0-21(—) >0045(+) >0 45(—) 0+ 02(—) 0 25(—)
Total target 0+ 30(—) 0+ 25(-) 0+18(+) <0:01(—) 0+ 25(—)

August
Midnapore (C) 0-35(+) >0-45(+) 0-15(+) 0-21(—) 0+ 06(+)
Hazaribagh (MT) >0-45(—) 0-12(+) 0-22(—) 0+ 10(—) 0-25(+)
Chaibasa (ST;) 0-30(—) 0-45(+) 0-10(+) 0-30(—) 0-37(+4)
Berhampore (8T4) 0-40( =) 0-32( —) 0+ 40(+) 0:15(—) 0:22(+)
Total target 0-15(—) >0445(—) 0:30(+) 0:09(—) 0°22(+)

to he considered as an indication of the presence higher in February than in August. The feature

of an additional agency which is affecting the
rainfall of both the stations and that deteriora-
tion is an indication that the additional agency
considered is affecting the rainfall of only one
of the stations, the findings as above suggest
that whereas the influence, if any,of the steel
mills on rainfall, has been mainly restricted to the
target stations during August, it is extending to
the control station also during February.

Further, examination of Table 2 points out
that the coefficients found have been invariably

shown suggests that the weather systems affec-
ting the region in winter could be either larger
in scale or more homogeneous in nature or both
than in monsoon.

(vit) Number of rainy days

The results of analysis presented in Tables 3
and b5 suggested that rainfall at the target
stations, with respect to the control, decreased
during the industrial period. The question which
naturally arises in this regard is whether the
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TABLE 10

Levels of signifieance from ¢-test for Spearman’s rank corralation coeffizients bstween target-to-control rainfall ratios
and time (one-tailed)

Period
Target —— = P T
1872—1892 1893 —1913 1914 —1934 1935 —1955 1893 —1955

February (control : Chaibaa)

Berhampore (MT) 0:30(+) 0 20(—) 0+ 20(—) 0 15(+) 0-10(+)
Midnapore (ST,) 0-15(4) 0 10(+) 0 30(+) 0 40(-+) 0 10(+4)*
Hazaribagh (8T,) 0 35(—) 0 15(—) 0+ 40(—) 0+ 15(+) 0 25(+)
Total target 0-25(+) 0-40(-1) 0+ 35(—) 0+20(+) 0+ 10(+)

August (control : Midnapore)

Hazaribagh (MT) 0 40( —) 0-20(+) 0= 30(—) 0-45(4) 0 40(—)
Chaibasa (ST),) 0-05(—)* 0-35(—) 0:30(-+) 0-40(-+) 0-10(—)
Berhampore (8T,) 0-25(—) 0- 25(-—) 0 40(-—) 0+ 35(—) 0 30( =)
Total target 0+15(—) 0-25(<-) 0-30(—) 0-40(-+) 0-35(—)

The levels are higher than nctually indicated in all cases except those marked by *, In the cases marked by *, the lavels
are actually lower

TABLE 11

Ratio values of the number of rainy days at the target with the number at the eontrol

Target 1875 —1892 1893 —1913 1914 —1934 1935 —19565 1893 —1955

February (control : Chaibasa)

Berhampore (M) 1-06 0-71 0+ 80 058 0+ 69
(1-18) (0-70) (0+75) (1-47) (0-87)
Midnapore (ST,) 1:00 0-80 0-90 0-85 0-85
(1-30) (0-98) (1-11) (1-32) (1-08)
Hazaribagh (ST,) 1-17 1-00 1-05 1-00 1-01
(0-82, (0-81) (1-12) (1-10) (0-97)
Total target 1-08 0-84 0-92 0-81 0-85
(1-08) (0-82) (1-00) (1-26) (0-98)

August (confrol : Midnapore)

Hazaribagh (MT) 1-14 1-06 1-01 1-10 1-06
(0-90) (1-03) (1-00) (0-93) (0-98)
Chaibasa (ST,) 1-05 1-01 0-98 1-00 1-00
(0-98) (1-05) (0-95) (0-90) (0-96)
Berhampore (ST,) 0-95 1-04 0-97 0-97 0-99
(0-97) (0-89) (0-73) (0-90) (0-84)
Total target 0-96 1:04 0-98 1-:02 1-01
(1:03) (0-99) (0-91) (0-91) (0-93)

‘orresponding ratio values of rainfall per rainy day are given in brackets
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decrease in rainfall indicated has been broug’t
about by the lessening of the number of rainy
days or by the lessening of the rain activity per
rainy day or by both.  This aspect has been
examined as follows. The ratio values of the
number of rainy days at each target station to
the number at the control station, as well as the
ratio values of rainfall per rainy day are given
in Table 11.

Examination of the figures in the table suggests
that the ratio values of the rainy days and also
the ratio values of the rainfall per rainy day
largely decreased during the industrial period.

6. Discussion
(i) February versus August rainfall

The results of analysis from (i) double mass
curves, (2) ratios of mean total rainfall (Table 5)
and (3) ratios of mean rainfall per rainy day
(Table 11) indicated that, after the establishment
of steel industry in the states of West Bengal
and Bihar, changes in rainfall had taken place
in that region both in the months of Fehruary
and August. The changes indicated in February
have been more marked.  Application of the
parametric  fests (these are valid best in the
case of normal distribution) pointed out that
only a few of the changes indicated have been
significant. Of the two non-parametric fests
applied (these tests are valid independent of the
type of distribution) the more powerful one,
which is the Mann-Whitney (Neyman and Scott
19€7), pointed out that it is the February rainfall
which showed significant changes (vide figures
in the last column of Table 7). The features
noticed, therefore, largely support the hypothe-
sis that the steel mills complex has influenced
the winter rainfall in the region.

(i3) Possible cause for changes in February rainfall

It is know: from studies made at Delhi
(23°35'N, T7°12'E) that the ice crystal process
plays dominant role in the development of precipi-
tation in the winter clouds in that region (Ramana
Vourty ef al. 1960). The same feature may be consi-
dered to hold good in clouds in the Jamshedpur—
Burnpur region also during the winter period
in view of the fact that, when both the regions
get rain in winter, it usually happens under the
influence of the same passing western distur-
bances. The present finding, therefore, implies
that the aerosols present in the effluents from the
steel mills complex under question might be
influencing the rainfall from clouds in that region
by virtue of their jce-nucleating property. This
inference appears to be consistent in that actual

observations by Telford (1960) and by Langer
(1968), as already stated, have shown that the
effluents of steel mills could be prolific sources
of ice-forming nuclei. The steel mills complex
under question may be no exception.

(1i1) Rainfall in the more adjacent regions

The problem which arises, however, is how to
account for the suggested decrease of rainfall
on the hasis of the anticipated effects of the
effluents (the effect of only aerosols is conside-
red here whereas the effluents consist of aero-
sols, heat and water vapour) on the miero-struc-
ture-stability characteristics of clouds.  This
aspect is examined below. Tce-forming nuclei,
which help develop precipitation more readily
in winter clouds, by producing ice crystals at
relatively warm temperatures, is only one type
among the different typesof aerosol to be present
in the effluents. Giant size condensation nuclei
(hygroscopic particles of radius one micron and
above), which also help develop precipitation &
both the monsoon and winter clouds. by provi-
ding comparatively few numbers of the very
efficient precipitable size droplets, is another
type. But, the large size condensation nuelei,
specifically those present in the lower size end
of the spectrum (large size condensation nuclei
range from 0-1 to 1:0 micron in radius) and
commonly known as the cloud condensation
nuclei, which help inhibit rain development
by increasing the number concentration of eloud
droplets and thus reducirg the average size of
the droplets, is the other type. The net effect
of the effluents on the cloud microstructure and
thereby on its stability will, therefore, he de-
pendent on the relative strength of each category
of the aerosol present in the effluents and also
on the prevailing cloud conditions in the region.
Tf it is considered that the ice-forming nuclei
as well as the giant size condensation nuclei
present in the effluents have been affecting the
winter clouds in the manner as anticipated of
them, one should expect an increase in rainfall
instead of the suggested decrease. A decrease
in rainfall at 100 to 200 km distance from the
steel mills may, however, be possible if a redis-
tribution of precipitation has occurred on account
of the clouds precipitating more than what is
due from them in more adjacent regions. The
same is also possible in case the inhibiting effect
of rainfall by the cloud condensation nuclei in
the effluents had been the most dominating
influence in the entire region within 200 km
from the steel mills. But, of the two alternatives
cited, the first one, i.e., precipitation increase
in more adjacent regions, is what is considered
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more plausible because observations by Ogden
(1969) have indicated that, except very close to
the steel plant, the output of the ice-forming
nuclei from the effluents makes a negligible
addition to the back-ground at temperatures
of meteorological importance. In that case, the
output of the cloud condensation nuclei too
from the effluents may not mean any significant
addition to the back-ground at distances of 100
to 200 km from the sources, However, in the
absence of any data on the aerosol state of the
air in the steel mills region under question,
no definite conclusion is possible. If the results
reported in the literature of the heat island
effect is any guide, the effect of the other effluents
mentioned, namely, heat and water vapour,
would not have extended beyond some tens of
kilometres from the steel mills complex.

Br. V. RAMANA MURTY

7. Conelusion

The results of the study, which are applicable
to regions sitnated from 100 to 200 km from
the Jamshedpur—Burnpur steel mills complex,
have indicated that the steel mills ecomplex
could be responsible for the variations noticed
in the February rainfall. The physical and chemi-
cal nature of the particulate effluents from the
steel mills complex and their spatial distri-
bution in and around the region within 200 km
have to be known for identifying the causes

of such variations.
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