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The present study examines the tropical cyclones (TCs) activity over the Bay of Bengal (BoB) during
post-monsoon season (October–December) for the period 1972–2015 (44 years period). The study has
explored the active and inactive TC years on the basis of mean ±1 standard deviation, respectively. A
total of nine active (when TCs frequency is C4 in a year) and 18 inactive (when TCs frequency is B1 in a
year) TC years have been identiBed during the 44 years period. The mean frequency of TCs during the
active TC years (4.22 TCs/year) is approximately Bve times higher than the inactive TC years (0.78
TCs/year). These active and inactive TC years have shown association to some extent with El NiñoSouthern Oscillation and Indian Ocean Dipole events. Various environmental factors inCuencing the
occurrence of TCs have been investigated, by analyzing the composites of nine active and 18 inactive TC
years. Further, the existence of more precipitable water, strong convective activities, less sea level
pressure, reduced vertical wind shear, upper-level easterly winds and high low-level cyclonic vorticity
have provided favourable conditions for the TCs genesis during the active TC years.
Keywords. Tropical cyclones; El Niño-Southern Oscillation; Indian Ocean Dipole; post-monsoon
season; Bay of Bengal.

1. Introduction
Tropical cyclones (TCs) are among the most disastrous weather phenomena, resulting huge economic, ecological and human life loss during their
landfall, through associated strong winds, torrential rains, Cooding and storm surges (Peduzzi et al.
2012). Several key thermodynamic and dynamic
conditions are considered as essential for the TCs
development like high sea surface temperature
(SST) ([26.5°C), increased low-level cyclonic vorticity, less amount of vertical wind shear (VWS),
sufBcient Coriolis force and substantial mid-troposphere relative humidity (RH) (Gray 1968, 1975;
Webster et al. 2005). These parameters have also

been used often as predictors of TC activity (Chan
and Liu 2004). The formation of TCs is very
common over tropical and sub-tropical regions.
Earlier studies have shown that *80–90 TCs
form over the world every year (Gray 1979). The
maximum number of TCs form over the western
North PaciBc Ocean (*26/year) followed by the
eastern North PaciBc Ocean (*17/year), the
South Indian Ocean and the North Atlantic Ocean
(*10/year) and the North Indian Ocean (*7/
year) (Niyas et al. 2009). In recent decades, a significant change in the frequency of TCs has been
reported globally. For example, Chan and Shi
(1996) have shown that TC activity has increased
significantly in the western North PaciBc Ocean
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since the mid-1970s. Goldenberg et al. (2001) have
noticed an enhancement in TC activity over the
North Atlantic Ocean in recent years. Singh et al.
(2001) have found a rising trend in TCs number
in peak months (November and May), while a
decreasing trend during monsoon season (June–
September) over the North Indian Ocean. A reduction in TCs number has been witnessed over the
Philippine Sea, the South China Sea, the Japan Sea
and the east of Japan (Ho et al. 2004; He et al. 2015).
Hassim and Walsh (2008) have noticed a downward
trend in TCs frequency over the eastern sector of
Australian basin since the 1970s, whereas a substantial increase in the western sector during
1986–1999 and afterwards a slight decline has been
reported at the time of 21st century.
In the past few years, the variability of TC
activity in the global ocean basins has been studied
widely (Watterson et al. 1995; Lupo and Johnston
2000; Chan 2007; Lupo et al. 2008; Zuki and Lupo
2008; Ramsay et al. 2008; Ng and Chan 2012;
Gutzler et al. 2013; Zhao and Raga 2015). Several
investigations have found that El Niño-Southern
Oscillation (ENSO) significantly inCuences the
variability of TCs activity (Landsea 2000; Chu
2004), though its eAects vary over different ocean
basins. For example, during the El Niño (La Niña)
years, the frequency of TCs is generally below
(above) normal in the North Atlantic and the BoB
basins (Klotzbach 2012; Girishkumar and
Ravichandran 2012; Felton et al. 2013; Bhardwaj
et al. 2019a). Conversely, TCs number and intensity are high (less) during El Niño (La Niña) conditions in the central PaciBc and the northwestern
PaciBc region (Chu and Wang 1997; Clark and Chu
2002; Camargo and Sobel 2005). Apart from this,
Chan and Liu (2004) have shown that the ratio of
annual Typhoon numbers to annual TC numbers is
positively correlated with the SST anomalies in the
central and eastern equatorial PaciBc. Aiyyer and
Thorncroft (2006) have noticed an increase in the
frequency of the Atlantic hurricanes when anomalous tropical upper (lower) easterly (westerly) Cow
prevails over the region. Wu and Chu (2007) have
found that weaker VWS, larger low-level relative
vorticity, stronger mid-tropospheric ascending
motion, stronger upper-level divergence, and larger
mid-tropospheric moisture have provided favourable conditions for the formation of hurricane
during the most active year 1992 than the most
inactive year 1977. Jury and EnBeld (2009) have
studied the environmental patterns during the
active and inactive Caribbean hurricane seasons
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for the period 1950–2005. Zhao and Raga (2015)
have examined the active and inactive hurricane
seasons over the eastern North PaciBc during
1965–2013. Ha et al. (2015) have noticed that the
combined eAect of warm East Indian Ocean SST
anomalies and El Niño reduced the TC genesis over
the western-central western North PaciBc.
In the BoB, TCs show a unique bimodal pattern
in their occurrence with approximately 21 and 64%
TCs during pre- and post-monsoon seasons,
respectively (Bhardwaj and Singh 2020). Yanase
et al. (2012) have also witnessed higher genesis
potential index (GPI) during pre- and post-monsoon seasons. Nevertheless, high RH and absolute
vorticity may constitute high GPI value during
boreal summer (when VWS is high) intraseasonal
oscillation. Conversely, Li et al. (2013) have shown
that an increase in RH during boreal spring to
summer overcomes VWS, vorticity and SST, which
significantly reduce the GPI to minimum in boreal
summer. Sebastian and Behera (2015) have shown
a strong association of SST with TC formation
during pre-monsoon compared with post-monsoon
season. Pattanaik (2005) has associated the highand low-frequency periods of TC occurrence to the
variability of large-scale atmospheric circulation,
instead of SST. Besides, different interannual and
intraseasonal modes of climate variability significantly aAect the BoB TCs (Singh 2008; Kikuchi
and Wang 2010; Yanase et al. 2012; Ng and Chan
2012; Felton et al. 2013; Bhardwaj et al. 2019b).
Mahala et al. (2015) have observed the higher TC
frequency during the La Niña and negative Indian
Ocean Dipole (NIOD) period than El Niño and
positive Indian Ocean Dipole (PIOD) period.
Recently, Revadekar et al. (2016) have noticed a
high interannual variability in cyclonic disturbances over the BoB during monsoon season.
Pattanaik and Mohapatra (2016) have studied the
interannual variability of cyclonic disturbances in
the BoB to detect the appropriate predictors having close associations with the number of cyclonic
disturbances during post-monsoon season. Bhardwaj and Singh (2020) have discussed the climatological characteristics including frequency,
distribution, intensity, duration, accumulated
cyclone energy, and power dissipation index of the
BoB TCs.
However, the active and inactive TC years over
the BoB have not been well studied yet, particularly in relation to the inCuence of large-scale
environmental conditions. Therefore, a comprehensive study is required to examine the active and
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inactive TC years over the BoB. In the light of
above review, this study, therefore, seeks to
achieve the following major objectives: (1) to
investigate the active and inactive TC years over
the BoB during 1972–2015; (2) to examine the
relationship of ENSO and IOD with the active and
inactive TC years; (3) to explore the prevailing
environmental conditions during different active
and inactive TC years. Rest of this paper has been
organized as follows: section 2 briefs the datasets
and methods adopted in this study. Section 3 discuss the results including the brief climatology of
the BoB TCs, interannual variability, relationship
of ENSO and IOD with BoB TCs and inCuence
of environmental conditions on the BoB TCs.
Section 4 highlights the major conclusions.

2. Data and methodology
2.1 Data
For the North Indian Ocean, India Meteorological
Department (IMD), New Delhi, and Joint
Typhoon Warning Centre (JTWC), USA, provides
the TCs best-track data. IMD’s dataset provides
detailed information of the location and intensity
information of the BoB TCs for every 6-hr intervals
since 1990. However, JTWC started the satellite
detection of TCs for the North Indian Ocean from
1972 onwards (Singh 2010). Therefore, in this
study, JTWC’s best-track data has been used for
analysis of the BoB TCs during 1972–2015 (44
years), available at www.npmoc.navy.mil/jtwc.
html (Chu et al. 2002). The dataset comprises of
information of TC name, position (latitude and
longitude), minimum surface central pressure, and
1-min maximum sustained wind (MSW) speed at
6-hr intervals (0000, 0600, 1200 and 1800 UTC).
This study has examined the TCs only (when
MSW is C34 knot), whereas cyclonic disturbances
(when MSW is \34 knot) have not been analyzed.
A cyclonic system has been considered as TC, if
MSW speed reaches at the intensity of C34 at least
once (one six-hour period) in its lifetime (IMD
2011).
The data related to various atmospheric variables such as zonal winds at 850 and 200 hPa
(ms 1), sea level pressure (SLP) (hPa) and precipitable water (PW) (kg.m 2) have been
obtained from the National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) monthly

reanalysis dataset with a 2.5892.58 longitude/
latitude resolution (Kalnay et al. 1996). The
outgoing longwave radiation (OLR) data have
been extracted from the National Oceanic and
Atmospheric Administration (NOAA) interpolated OLR dataset (Liebmann and Smith 1996)
starting from 1974 with a spatial resolution of
2.5892.58, available at the website of the NOAAClimate Diagnostic Center (CDC) (http://www.
cdc.noaa.gov/).

2.2 IdentiBcation of the active and inactive
TC years
In this study, the years with high and low TCs have
been identiBed for post-monsoon season (October–December). A year is deBned as an active TC
year (high TCs frequency year) if the number of TCs
in that year is more than the mean (climatological
mean of post-monsoon season, i.e., 2.09) plus one
standard deviation, i.e., 1.38 (Zhao and Raga 2015).
Conversely, a year is deBned as an inactive TC year
(low TCs frequency year) if the number of TCs is less
than the mean minus one standard deviation. Hence,
if a year has experienced B1 TC genesis then that
year is considered as an inactive TC year, whereas if
a year has experienced C4 TC genesis then that year
is considered as an active TC year. By following this
methodology, out of the total 44 years, 9 active
(1973, 1985, 1987, 1988, 1996, 2000, 2005, 2008 and
2013) and 18 inactive (1972, 1974, 1976, 1979, 1986,
1989, 1990, 1991, 1993, 1994, 1997, 2001, 2003, 2004,
2006, 2007, 2009 and 2015) TC years have been
identiBed.

2.3 Selection of ENSO years
To select the ENSO events Oceanic Niño Index
(ONI) data based on 30 years (1981–2010) Niño
3.4 region SST anomalies (5°S–5°N, 170°–120°W)
have been utilized (Camargo and Sobel 2005).
This ONI data has been acquired from the
National Oceanic and Atmospheric Administration’s (NOAA) Climatic Prediction Center website (http://www.cpc.ncep.noaa.gov/) (Smith and
Reynolds 2003). In this study, a year is considered
as El Niño (La Niña) if mean ONI of three consecutive months (October–December) have been
found above 0.5°C (below –0.5°C). A total of 15
El Niño and 14 La Niña years have been identiBed
(table 1).
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2.4 IdentiBcation of IOD years

Table 1. Years of different ENSO and IOD events during
1972–2015.
El Niño

La Niña

PIOD

NIOD

1972
1976
1977
1982
1986
1987
1991
1994
1997
2002
2004
2006
2009
2014
2015

1973
1974
1975
1983
1984
1988
1995
1998
1999
2000
2007
2008
2010
2011

1972
1982
1987
1991
1994
1997
2002
2006
2007
2011
2012
2015

1974
1975
1980
1981
1984
1992
1996
1998

For identiBcation of different IOD events, Dipole
Mode Index (DMI) data has been acquired from
the website of Japan Agency for Marine-Earth
Science and Technology (www.jamstec.go.jp/
frcgc/research/d1/iod/DATA/dmi.monthly.txt).
DMI is deBned as the difference in SST anomalies
between western (508–708E and 108S–108N) and
south-eastern (908–1108E and 108S–Equator)
equatorial Indian Ocean (Saji et al. 1999). In this
study, a year is considered as PIOD (NIOD) year if
the value to DMI is greater (smaller) than mean
plus (minus) 0.5SD. A total of 12 PIOD and 8
NIOD years have been identiBed (table 1).
Apart from this, the analyzed data has been
presented through graphs, tables and maps. To
detect the difference between the means of active
and inactive TC years, and to compute the significance of trends at 95% conBdence level, Student’s
t-test has been applied. In addition, correlation

Boldface and italic values are showing active and inactive TC
years, respectively.
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Figure 1. Per year monthly frequency of TCs formed in the BoB during the period 1972–2015.
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Figure 2. Frequency of TCs formed in post-monsoon season in the BoB during the period 1972–2015.
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Figure 3. Genesis locations (dots) and tracks (lines) of TCs during different (a) active and (b) inactive TC years over BoB.

analysis has been computed by using the Karl
Pearson’s method.
3. Results and discussion
3.1 Climatology of the BoB TCs
For better understanding of the BoB TCs, their
climatological knowledge is necessary. Therefore,
in this section, a brief climatology of the BoB TCs
including their annual, seasonal and monthly frequency and distribution has been discussed. During 44-year period, 144 TCs (3.27 TCs/year) have
formed without demonstrating any significant
increasing or decreasing trend in the annual
number of TCs (Bhardwaj et al. 2020). However,
remarkable year-to-year Cuctuations have been
reported in their occurrence ranging from 0 (2001)
to 7 (1987). Figure 1 shows the monthly and
seasonal frequency of TCs in the BoB. It exhibits

a unique bimodal pattern in its occurrence. The
pre-monsoon (March–May) and post-monsoon
seasons have reported most of the TCs of the
BoB. During pre-monsoon season, maximum
number of TCs have occurred in May month (1
TC in two years), whereas during post-monsoon
season November month has reported maximum
number of TCs (1 TC/year). High TCs frequency
during pre-monsoon season is mainly attributed to
the substantial enhancement in the RH at midtropospheric level, while reduced VWS is responsible for high TCs frequency during post-monsoon
season (Li et al. 2013). In monsoon season, strong
convection occurs over the BoB; however, strong
VWS obstructs the TCs genesis in this season
(Gray 1968; Yanase et al. 2012). Besides, less TCs
frequency after post-monsoon season owes to the
less RH and high low-level vorticity. No TC has
occurred in February and August months during
the study period.
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Figure 4. Genesis locations (dots) and tracks (lines) of TCs during different active (a) El-Niño, (b) La-Niña TC years and
inactive (c) El-Niño, and (d) La-Niña TC years over BoB.

Figure 5. Genesis locations (dots) and tracks (lines) of TCs during different active (a) PIOD, (b) NIOD TC years and inactive
(c) PIOD, and (d) NIOD TC years over BoB.
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Figure 6. Spatial pattern of mean OLR (Wm 2) during (a) active and (b) inactive TC years, and (c) their difference
(active–inactive TC years) over the BoB. Black dots indicate the statistical significant differences at the 95% conBdence level,
based on the Student’s t-test.

Here, it is observed that only two seasons, i.e.,
pre- and post-monsoon season account approximately 85% of the total TCs in the BoB.
Approximately 64% (3 times more than premonsoon) of total TCs have formed during postmonsoon season. Thus, annual TCs frequency is
strongly correlated with TCs frequency of postmonsoon season (correlation coefBcient value =
0.75, significant at the 99% conBdence level).
Therefore, the next part of this study focuses only
on annual variability of TCs of post-monsoon
season in the BoB.

3.2 Annual variability of TCs during
post-monsoon season
Figure 2 reveals the annual number of TCs during
post-monsoon season. The annual number of TC
ranges from 0 to 5, with mean and standard deviation
of 2.09 and 1.38, respectively, during this season from
1972–2015. The years 1987 and 2005 have experienced
very high TC genesis (Bve in each), whereas the years
1989, 2001, 2004 and 2015 have reported no TCs
genesis. The mean frequency of TCs during the active
TC years (4.22 TCs/year) is approximately
Bve times higher than the inactive TC years
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Figure 7. Same as Bgure 6, but for precipitable water.

(0.78 TCs/ year). Figure 3 demonstrates the genesis
locations and tracks of TCs for the different active and
inactive TC years during post-monsoon season. During the active TC years, TCs have formed in the entire
BoB and make their landfall over the entire eastern
Indian coast. Conversely, during the inactive TC
years, most of the TCs have formed in the southern
parts of the BoB which make their landfall over the
southern portions of the eastern coast of India.
3.3 Relationship of the active and inactive TC
years with ENSO and IOD years
Previous studies have shown that the number of
TCs is greater during the La Niña than El Niño

years in the BoB (Girishkumar and Ravichandran
2012; Ng and Chan 2012; Sreenivas et al. 2012;
Felton et al. 2013; Girishkumar et al. 2015;
Bhardwaj et al. 2019a). The results obtained from
the present study are in agreement with these
studies. The mean frequency of TCs during the El
Niño and La Niña years is 1.53 and 2.50, respectively. However, in several neutral ENSO years,
the frequency of TCs has been observed either low
or very high in the BoB. These very high and low
frequencies of TCs in some years are not fully
associated with the El Niño and La Niña events.
For example, out of total nine active TC years,
only four are La Niña years (table 1). Similarly, out
of 18 inactive TC years, only 10 are El Niño years.
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Figure 8. Same as Bgure 6, but for SLP.

In 1987 (1974 and 2007), TCs frequency has been
observed higher (lower) despite the El Niño (La
Niña) conditions. Further, TCs genesis locations
and tracks for different El Niño and La Niña years
during the active and inactive TC years have also
been examined (Bgure 4). Exceptionally, during
1987 (single active El Niño TC year), Bve TCs have
formed which followed the westward track. On the
other hand, TCs genesis locations shift northward
with a tendency of northward tracks. Likewise,
during the inactive El Niño TC years, most of the
TCs have followed the westward tracks, whereas
the inactive La Niña years TCs have followed the
northward track.

Moreover, mean frequency of TCs has been witnessed higher during the NIOD (2.50 TC/year) than
PIOD (1.67 TC/year) years, which is in agreement
with the previous studies (Singh et al. 2008; Ng and
Chan 2012; Mahala et al. 2015). However, only the
year 1996 has been observed as an active TC year
among 8 NIOD years. Conversely, the year 1987 has
been found as an active TC year during the PIOD
conditions. The genesis locations and tracks of TCs
during different PIOD and NIOD years during the
active and inactive TC years have also been examined
(Bgure 5). However, no unique pattern has been
observed during different IOD years like ENSO years,
as most of the TCs have followed the westward track.
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Figure 9. Same as Bgure 6, but for 850 hPa zonal winds (ms 1).

From the above analysis, it can be inferred that the
active and inactive TC years are not fully associated
with different ENSO and IOD years. Therefore, in the
next section, the patterns of different dynamic and
thermodynamic environmental conditions which are
crucial for TC genesis have been discussed for the
active and inactive TC years separately, rather than
the association among ENSO and IOD years.

3.4 InCuence of environmental conditions
on the active and inactive TC years
Large-scale environmental conditions such as convective activity, PW, SLP, lower- and upper-level

winds, and VWS are crucial for the formation of TCs
(Klotzbach 2012; Kikuchi and Wang 2010). Therefore, the patterns of these environmental conditions
during the active and inactive TC years have been
discussed in detail in the following sections.
3.4.1 Outgoing longwave radiation (OLR)
OLR anomalies are inversely proportionate to the
amount of convective activities over the area
(Bhardwaj et al. 2019b). Greater the values of OLR
means less convection and vice-versa. Figure 6(a–c)
shows the mean OLR pattern during different active
and inactive TC years and their difference over the
BoB. The Bgure clearly exhibits that the values of
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Figure 10. Same as Bgure 6, but for 200 hPa zonal winds (ms 1).

OLR are significantly low over large parts of the
BoB, the maritime continents and the western
PaciBc Ocean during the active than inactive TC
years. The presence of strong convection over this
region provides favourable conditions for the genesis
of TCs during the active TC years over the BoB.
Conversely, less convective activities hinder the
TCs formation in the inactive TC years.
3.4.2 Precipitable water (PW)
PW is an important component for the formation
and intensiBcation of TCs (Fritz and Wang 2014).

It can be utilized as a precursor for predicting
intensiBcation/weakening of the cyclones (Sabade
and Mohapatra 2017). Figure 7(a–c) exhibits the
pattern of mean PW during different active and
inactive TC years and their difference over the
BoB. It can be seen from the Bgure that the
amount of PW is relatively higher during the active
TC years than inactive TC years. The presence of
higher amount of moisture leads to the release of
latent heat that is favourable for TCs formation
during the active TC years. Conversely, the
reduced moisture hinders the TCs formation
during the inactive TC years.
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Figure 11. Same as Bgure 6, but for VWS (200–850 hPa) (ms 1).

3.4.3 Sea level pressure (SLP)
Figure 8(a–c) shows the mean SLP pattern during the
active and inactive TC years and their difference over
the BoB. The Bgure clearly exhibits that the SLP is
significantly less during the active years than inactive
TC years over large parts of the BoB. Lower SLP
supports the TC genesis during the active TC years,
whereas higher SLP hinders the TC formation.
3.4.4 Low-level winds (850 hPa)
Figure 9(a–c) shows the mean zonal low-level
winds (850 hPa) pattern during different active and

inactive TC years and their difference over the BoB.
Usually, easterly winds prevail over the BoB; however, during the active TC years, anomalous westerly
Cow can be seen over central to southern parts of the
BoB. This westerly Cow creates the cyclonic vorticity
and makes the conditions favourable for the cyclogenesis over the BoB. A clear cyclonic circulation
pattern in the anomalous low-level winds has been
observed over the south-western parts of the BoB
during the active TC years (Bgure not shown). While
no definite cyclonic vorticity has been witnessed as
strong easterly winds prevail during the inactive TC
years.
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3.4.5 Upper-level winds (200 hPa)
Figure 10(a–c) shows the mean zonal upper-level
winds (200 hPa) pattern during different active
and inactive TC years and their difference over the
BoB. The upper-level winds exhibit a reverse pattern than the low-level winds. During the active
TC years, upper easterly winds prevail over large
parts of the BoB. On the other hand, these easterly
winds weaken and strong westerly winds start to
prevail during the inactive TC years. From this, it
can be concluded that the frequency of TCs significantly increases in the BoB when easterly winds
prevail at the upper-tropospheric level.

3.4.6 Vertical wind shear (200–850 hPa)
VWS plays a crucial role in TC formation and
strengthening. Less VWS is favourable whereas
high VWS is unfavourable for TC formation
(Gray 1968; DeMaria 1996; Maloney and Hartmann 2000; Zehr 2003). Figure 11(a–c) exhibits
the mean VWS pattern during the active and
inactive TC years and their difference over the
BoB. VWS is significantly low during the active
than inactive TC years. Therefore, reduced VWS
helps in the formation of a greater number of TCs
during the active than inactive TC years.

4. Conclusions
This study examines the active and inactive TC
years over the BoB during post-monsoon season for
the period 1972–2015 period. The post-monsoon
season accounts *64% of the total annual TCs,
with a high year-to-year variability. Therefore, the
active and inactive TC years have been identiBed
on the basis of mean ±1 standard deviation,
respectively. A total of nine active (when TCs
frequency is C4 in a year) and 18 inactive (when
TCs frequency is B1 in a year) TC year have been
identiBed during 44-year period. The mean frequency of TCs during the active TC years (4.22
TCs/year) is approximately Bve times higher than
the inactive TC years (0.78 TCs/year). The frequency of TCs has shown relationship with ENSO
and IOD events, however, the active and inactive
TC years are not fully associated with different
ENSO and IOD events. For example, out of the
total nine active TC years, only four are La Niña
years, while out of the total 18 inactive TC years,

only 10 are El Niño years. Likewise, only the year
1996 has been observed as an active TC year
among eight NIOD years. The environmental factors that may inCuence the distinct annual variability have been investigated, by analyzing the
composites of nine active and 18 inactive TC years
separately. It has been observed that during the
active TC years more PW, strong convective
activities, less SLP, reduced VWS, upper-level
easterly winds and high low-level cyclonic vorticity
have provided the favourable conditions for the
formation of TCs. Conversely, less PW, reduced
convective activities, high SLP, enhanced VWS,
upper-level westerly winds and lack of low-level
cyclonic vorticity inhibit the TC genesis during the
inactive TC years. Finally, the Bndings of this
research will be beneBcial for scientiBc community,
disaster managers and forecasters for better
understanding of the BoB TCs. Good knowledge of
the BoB TCs particularly for high and low frequency years is scientifically and socially essential
to reduce their ill eAects.
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