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A Study of ozone depletion
trend & time series analysis of
surface temperature over Maitri,
Antarctica during the last
decade 1991-2000
ABSTRACT

It is now a worldwide concern that the ozone depletion is maximum over Antarctica during the Austral Spring
(September & October).
In the present paper, an attempt has been made to study the ozone depletion trend along-with the related
temperature trend in the stratospheric level over the Indian station Maitri, Antarctica during the last decade
1991-2000.
Apart from this, the Time Series Analysis of surface temperature data of Maitri over the same period of ten
years (last decade) has also been done to observe the impact of ozone depletion, if any, on the surface temperature.
It is interestingly noticed that there is a relation between the maximum ozone depletion in the year 1995 &
1996 and the cold core temperature in the upper air and also it's a coincidence that the surface temperature also
increased in the year 1996 over the station Maitri, Antarctica.
Key words: - Ozone depletion, Ozone hole, Partial pressure of ozone in nb, Stratospheric level, Vertical profile etc.

1.

Introduction

causing worldwide concern, Montreal Protocol was
signed in 1987 on 16th September, which day is
also known as International ozone Day, stipulating
a 50% reduction in CFC production by 1999.

The Scientific evidence accumulated over more
than two decades of study by the International
research community has shown that human made
chemicals (CFC's) are responsible for the observed
depletion of ozone layer over Antarctica and likely
to play a major role in global losses. In view of this

Farman et al. (1985) studied the total ozone in
spring time over Halley Bay (76 Deg S / 27 Deg W)
and Argentina Islands (65 Deg S / 64 Deg W) since
1957 and observed that the ozone value was much
lower than March values, a feature entirely lacking
in the 1957-1973 period data set. He continued that
the total ozone over Halley Bay, however, has
undergone a dramatic change. He remarked, "It is
evident from observations that spring values of total
ozone in Antarctica have fallen considerably. The
circulation in the lower stratosphere is apparently
unchanged, and possible chemical causes must be
considered". Michael et al. (1986) observed the
vertical column density of ozone in October over
Antarctica and has found that it has fallen
precipitously over the past 10 years. The
concentration at Halley Bay has dropped from about
300 DU in 1975 to < 200 DU in 1984. Gardiner
(1988) also reported about Antarctic ozone
depletion measured by balloon-sondes over Halley
Bay (1988). In the WMO/UNEP-1991 report on the
topic "Scientific assessment of atmospheric ozone
- 1987", Farman et al.(1985) reported that 300 DU

Fig.1
3

the consecutive years of 1995(60 nb at 61
hPa level) & 1996 (58 nb at 90 hPa level) as
seen in Fig.6 & Fig.7 respectively, the ozone
shrink observed in the month of September
only, remains almost in the same condition in
the month of October also. The temperature
increase between the level of 150 hPa to 50
hPa (about 14 to 21 km height ) as seen in
Fig.3, has started from October,1992,
whereas in 1995 & 1996 the cold temperature
in the range of-80 Deg C to-89 Deg C
remained as it is in the month of October also.
The temperature has shown an increase in
the month of November only. So a cold core
temperature system persists during
September and October in both the year 1995
& 1996 (Fig.6 & Fig.7). Nothing significant is
observed in the year of 1991 [Figs.2(a)&(b)],
1993 and 1994 (Figs.4 & 5 respectively). This
result is in conformity with the findings of
Tiwari(1999).

in 1960's over Antarctica station Halley Bay has
been reduced to 150 DU in 1990 in the month of
October. Again Farman (1994) in WMO/UNEP1994 revealed that the trend in vertical column has
shown near total disappearance of Ozone from 1220km altitude in September and October (Tiwari1999). Besides Scientists, from IMD, viz., Tiwari
(1999) has also shown that Ozone hole at Maitri
was quite severe in 1994-1995 and also in 1996
with increase in area and depth and the cold core
vortex in 1995 was very cold and persisted up to
Nov. Peshin et al. (1997) has also studied Ozone
depletion over Maitri during the spring month in the
year 1992 and found it centred around 16 km
extending between 12-23 km. Koppar and Nagrath
(1991) has also studied ozone depletion during late
winter- early spring over Dakshin-Gangotri,
Antarctica in the year 1987.
The present study aims at finding the ozone
depletion trend in the stratospheric level along-with
stratospheric temperature characteristics over
Maitri (WMO Index No 89514, Lat-70°45' 52"S
Long-11°44' 03"E, elevation-117 metre) in
Antarctica during the last decade 1991-2000 (Fig.1).
Besides this, the surface temperature data of the
place during the same period has also been
analysed.

2.

(ii)

A trend of good ozone recovery has been
noticed in the month of November itself from
the year 1997 to 2000, i.e. up to the end of
the decade as seen in Fig.8 to Fig.11. In the
year 2000 (November) the ozone recovery is
best, 119 nb at 33 hPa level. The rise of upper
troposphere and lower stratosphere
temperature has also been noticed in all the
years 1997 to 2000 from the month
November, the average value being in the
range of -55 Deg C to -65 deg C between the
level of 150 hPa to 50 hPa level. In the year
2000 November in particular there is a well
marked rise in temperature in the same level
of 150-50 hPa in the range of -54 Deg C to
-37 Deg C.

(iii)

A very good improvement in respect of
comparatively less ozone loss and its early
recovery is noticed from the year 1997 and
till the year 2000 and it is also observed that
an increase in temperature in stratospheric
level occurred mainly between the heights of
approximately 12-25 km height during the
same period of the year 1997 and till the year
2000, shown in Figs.8 to 11 (present end limit
of the study).

Data and Methodology

Data for the period of 1991-2000 has been collected
from National Data Centre , IMD - Pune. The vertical
profiles of ozone and temperature for the month of
September, October & November for all the said
ten years have been plotted.
Apart from this the Time Series Analysis of the
said ten years surface temperature data have also
been done on finding out the mean monthly
temperature, mean annual temperature, annual
extreme cold and warm temperature etc. The
graphs in respect of mean monthly temperature of
the summer and winter month, annual extreme
warm and cold temperatures and mean annual
temperature daily maxima and daily minima during
the ten years have plotted.

3.

Result and Discussion

3.1. Stratospheric ozone & upper air (Upper
troposphere & lower stratosphere)
temperature
(i)
During the last decade, 1991-2000, it is
observed that in the year 1992 (Fig.3) and in

Thus it is observed that when there is an increase
in the stratospheric level temperature then ozone
4

depletion is less, as observed during the year 1997
to 2000. On the contrary when upper level cold core
temperature remained in the range of -80 Deg C to
-89 Deg C lying between 200 hPa and 50 hPa levels
(approximately 12-25 km height) in the years 1995
& 1996 then maximum ozone shrink is also
observed in the stratospheric level during the same
consecutive years of 1995 & 1996.

as -17.9 Deg C, although the daily minima are in the
range of -30 Deg C to - 33 Deg C has been observed
in July on so many days in all the ten years. In the
year 1996 the mean monthly temperature of the
coldest month has shown a highest value of the
decade as-16.1 Deg C, as seen in Fig.12.

3.2 Surface Temperature
It is observed that the mean monthly temperature
of the warmest month at Maitri during the last
decade is -0.8 Deg C (with daily maxima in the
range of +5 Deg C to + 8 Deg C), as seen in Fig.12.
The mean monthly temperature of the warmest
month has started to show an increasing trend from
1996 as -0.2 Deg C to + 0.6 Deg in the year 1997
although a highest was observed in the year 1991
as +1.8 Deg C, as seen in Fig.12.

Apart from this the mean annual maximum
temperature and the mean annual minimum
temperature of the year 1996 are highest in the
decade, the value being -5.2 Deg C and -11.7
Deg C respectively, as seen in Fig.14.

The mean monthly temperature of the coldest
month during the last decade at Maitri is also observed

Vertical Ozone & Upper-Air Temperature
Profile (Fig.2 to Fig.11)

In 1996 the extreme warm temperature is also highest
in the decade as +12.5 Deg C, as seen in Fig.13.

So we can say that 1996 is the warmest year in
the decade and the warming continued till January
1997 with mean monthly temperature of +0.6 Deg
C as mentioned earlier.

Fig.2(a)

Fig.2(b)
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Fig.3

Fig.4
6

Fig.5

Fig.6
7

Fig.7

Fig.8
8

Fig.9

Fig.10
9

Fig.12

Fig.13

Fig.11

4.

Conclutuion

(i)

During the decade 1991-2000 over Maitri,
Antarctica, although the noticeable ozone
depletion was observed in the year 1992 but
it lasted only for one month in Sept, whereas
the ozone depletion in the consecutive years
of 1995 & 1996 was observed which lasted
for two months Sept. & Oct . The depletion in
both the years have been started early in
September itself and persisted till October.
The remarkable shrink has been observed in
1995 & 1996(in Fig.-6 & 7) between the level
of 150 hPa and 25 hPa (approximately 14-25

Fig.14
km height). Interestingly, the cold core
temperature in the range of -80 Deg C and -89
Deg C between 200 hPa levels (approximately
12-25 km height) lasted in both the month in
both the years.
(ii)

10

But the good thing is that the ozone- hole
condition is seen to be improved from the year
1997 onward till 2000 and the improvement is
best in the year 2000 (the present end limit of
the study). Again it is observed that the
improvement is associated with the rise in the
upper level temperature in the level of 150 hPa
and 50 hPa-well marked rise in temperature in

the level of 150-50 hPa in the range of -54 Deg
C to -37 Deg C.

Prasad, DDGM (Training), CTI, IMD Pune, for the
necessary support to take up the work.

(iii)

The above two points are as per the earlier
findings by Antarctic Scientist Farman et al1.
(1985) that stratospheric ozone depletion is
associated with the stratospheric temp, it is
more when upper air temperature is
decreased and less when upper air
temperature is increased.

(iv)

Coincidentally it has also been observed that
the year 1996 was the warmest year over
Maitri in the decade. The reason may be due
to the impact of increased trace gases and
consequent green house warming during the
consecutive years of 1995 & 1996. Both
issues are clear examples of a "global
commons" environment problem. The issue
of ozone depletion & global warming, says
EPA Administrator Lee Thomas, are
inexorably interconnected.

I thank Dr. (Ms.) Medha Khole, Director of CTI
& Mrs. S.S. Basarkar, Director of DDGM(SI) Unit,
Pune for their helpful suggestions in the topics.
Advanced Trg in Meteorology at CTI (IMD) Pune,
during July-August 2005. I am also thankful to Shri
Anil Verma, S.A. (APEC unit, at H.Q. New Delhi),
and S/Shri Subhash Khurana, AM-II & Dinesh
Khanna, S.A. (Publication unit, at H.Q. New Delhi)
for helping me for the necessary computer work
required to bring out the paper.
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ABSTRACT
During some of the years when the south-west monsoon sweeps across India with less than its usual force,
many states face a gloomy harvest and a year of food shortages and drought resulting in widespread crop
damage and economic loss. However, its severity can be minimized using agrometeorological services efficiently.
This paper describes such strategy in managing drought of 2002 in major agrarian states of Punjab and Haryana
by making use of the services rendered by India Meteorological Department.

1.

together accounting for more than 70% of the
seasonal rains [Fig.1(a)]. Year to year departures
of rainfall in the two states since 1970 are given in
Fig.1(b). The figure shows that about 15 to 20 % of

Introduction

The country faced a severe drought during the year
2002 when all-India monsoon rainfall was deficient
by 19% with 29% area of the country under
moderate to severe drought conditions. The
deficiency in the states of Haryana and Punjab was
38% and 27%, respectively. The deficiency in July
rainfall - the most crucial month from the agricultural
point of view - was 85% for Haryana and 62% for
Punjab. Though paddy in both the states is grown
as an irrigated crop, the rainfall during the monsoon
season plays an important role in determining the
yield of the crop. Due to the concerted efforts of
the Agrometeorological Advisory Services (AAS) of
the Meteorological Centre at Chandigarh (capital
of both the states) and the agriculture departments
of both the states, the productivity of paddy in
Haryana increased by 2.7% during 2002 compared
to that during 2001; and there was a drop of just
1% in Punjab. Haryana, in addition to achieving
higher productivity during a drought year, could also
produce excess fodder (which normally falls short
during drought years) and a large quantity of fodder
was supplied to the adjoining state of Rajasthan
which faced a severe drought. The role of the
Agrometeorological Advisory Service (AAS) of IMD
in managing the drought of 2002 with respect to
paddy crop in the two states and the mode of
interaction with the planners and the decisionmaking authorities at different levels are discussed.

2.

Fig.1(a).Mean monthly rainfall for Haryana
and Punjab

Monsoon rainfall and its variability in
the two states

The normal monsoon rainfall (June-September) in
the two states is about 500 mm with July and August

Fig.1(b). Departure of monsoon rainfall from normal
12

the years faced droughts (rainfall deficiency of
>25%) indicating that the occurrence of droughts
in the two states is not uncommon. Earlier studies
also show that the frequency of droughts in Haryana
is 20% (IMD 1991) and in Punjab is 19% (IMD 1996;
MoAg 2005).

seasonal rainfall of about 500 mm over the two
states is not enough to sustain paddy crop, its
cultivation has become possible only because of
the extensive irrigation network in the two states.
The irrigated area under principal crops at the
national level is 40%, whereas the figure stands
at 86% for Haryana and 97% for Punjab. Paddy
in both the states is grown entirely as an irrigated
crop (MoAg, 2005). Though irrigation acts as a
buffer, the crop is not totally immune to the
adverse effects of shortfall in the rains. The area
and yield of paddy in the two states (collected
from the respective agriculture departments)
since 1980 are given in Figures 2(a&b). The yields
show a general increasing trend, primarily
because of the technological and genetic
advancements. However, there are year-to-year
variations which can be attributed to weather primarily the rains. Bhan and Attri (1999) have
shown that the droughts of monsoon seasons
during the years 1974, 1979 and 1987 resulted
in a drop of 23%, 31% and 17%, respectively in
the yields of paddy crop in Haryana (Figure 3).

2.1. Cultivation of paddy in the two states
The states of Haryana and Punjab are primarily
agrarian economies with agriculture contributing
about 28% and 39%, respectively to the gross
state domestic product against the national
average of about 22%. Paddy is one of the most
important kharif crops grown over an area of
about 1050 thousand hectare in Haryana and
about 2650 thousand hectare in Punjab which is
about 28% and 60% of the net cultivated area of
the two states, respectively. Both the states jointly
contribute about 44% of the total paddy
procurement of the country. Though the mean

Fig.3. Change in area, production and yield of
Paddy during the previous drought years
Though the role of the governments of the two
states was prime in managing the drought and in
offsetting its adverse impacts on paddy yields during
2002, the AAS of IMD did play a significant role as
described below.

3.

Drought of 2002 and its management

3.1. Rainfall during the season
During 2002, the southwest monsoon arrived very
late in both the states (on August 15) resulting in
onset of drought conditions early in the season. The
drought continued over both the states during later

Fig.2(a&b). Area and yield of Paddy (a) Haryana,
(b) Punjab
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half of the season also. The weekly and seasonal
distribution of rainfall over the two states is given in
Figures 4 (a&b). Figure 4(a) shows that Haryana
continued to get deficient/scanty rains all through
June and July. It received above normal rains only
during one week in August and two weeks in
September. The deficiency in seasonal rains
reached 74% at the end of July; and the season
ended with 36% deficient rains. The distribution of
rains over Punjab also was similar except that the
state received good rains during the third week of
June also [Fig.4(b)]. The state had a deficiency of
52% at the end of July and 27% at the end of
September. Continued deficiency of rains during
most parts of the season resulted in drought over
both the states.

department of agriculture. In a high level meeting
chaired by the Chief Secretary of the state on July
19, the following analysis was presented by IMD.
•

The state had received just 55 mm rains up
to July 17 against a normal of 147 mm.

•

The normal rainfall for the remaining part of
the season was 368 mm.

•

The available forecasts up to the medium
range did not suggest any significant rains
over the state till the end of July.

•

The past studies (Bhan1999; Bhan & Attri
1999; Bishnoi et al.1999) indicate that the
state normally receives deficient rains during
the late monsoon onset years; and, therefore,
with each day passing without onset of
monsoon, the probability of getting normal
rains was diminishing.

•

Even if the normal quota of the rains for
remaining part of the season were realized
then onwards, it would not be enough to
sustain the paddy crop.

After above analysis, the AAS, Chandigarh was
of the view that further transplanting of paddy in
the state should be stopped forthwith and that all
the available water resources should be utilized to
sustain the already transplanted crop. The AAS unit,
through its bi-weekly bulletins, advised the farmers
accordingly. Also, the state department of
agriculture vigorously campaigned against any
further transplant of paddy. Through the combined
efforts AAS of IMD and the state department of
agriculture, area under paddy could be restricted
to 906 thousand hectares against 1028 thousand
hectares during the previous year. This reduction
of area under paddy helped the farmers meet the
water requirements of already transplanted crop.
Consequently, the average yield of paddy realized
in the state during 2002 was 2724 kg/ha against
the previous year's yields of 2652 kg/ha - an
increase of 2.7%. This, in fact, was the highest level
of yield achieved since 1997 [Fig.2(a)].

Fig.4(a&b). Weekly and cumulative rainfall during
monsoon-2002 over (a) Haryana and
(b) Punjab

A significant part of the area not covered under
paddy was diverted towards fodder which usually
falls short in supply during a drought year. The state
not only met its own demand of fodder but could
also supply large quantity of fodder to the
neighbouring state of Rajasthan, which faced a
severe drought during the year.

3.2. Management of drought particularly with
reference to paddy crop
By middle of July, the deficiency in cumulative rains
over Haryana had exceeded 60%. The AAS unit at
Chandigarh was in constant touch with the state
14

Other departments involved in managing the
drought, particularly the irrigation and power
departments, were also provided the necessary
meteorological support to help them regulate water
and electricity supply to different parts of the state.
Bhakhra and Beas Management Board (BBMB)
which manage the Bhakhra Dam at river Satluj and
the Pong Dam at river Beas are the main authority
supplying water and electricity to the states. Weather
forecasts and realized rainfall (both distribution and
intensity) were regularly provided to the BBMB to
help them objectively assess the quantum of water
and power required in both the basin states on the
basis of the rainfall received in the recent past and
the forecast for the immediate future. Also the
occurrence of rains; and its forecast for Himachal
Pradesh where major portions of the catchments of
the two dams lie, helped the BBMB assess the
expected inflow into the dams and thus regulate its
supply downstream. Similar information was also
provided to the state departments of irrigation and
power for necessary decision-making. With all these
combined efforts of the state government, the dam
authorities and the AAS of IMD, the state could
achieve the highest level of productivity of paddy in
past 5 years despite a drought that persisted all most
all through the crop season.

in Haryana for the corresponding period. However,
due to the constant interaction of the AAS of lMD
with the departments of the state government
responsible for managing the drought and the dam
authorities (as mentioned for Haryana), the drop in
the yield could be restricted to just 1% (from 3545
kg/ha to 3510 kg/ha).
The above experience of managing the drought
of 2002 in Haryana and Punjab shows that the
agrometeorological services can play an important
role in minimizing the impacts of adverse weather
conditions and making agriculture more economic.
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On the variation of summer
thermal stress over Kolkata
from 1995 to 2009

ABSTRACT
Thermal stress is a key factor particularly for the persons engaged in physical as well as mental activities in hot
weather months. It may affect the health of an individual and reduce the tolerance to other environmental
stresses. This study identifies the distribution of stressful days during March to May and presents a classification
of bioclimatic conditions by using different thermal indices. The analysis reveals an increase of thermal stress
from 1995 to 2009. About 72% days of summer months fall in Red category. Hence adequate precautions are
needed following the ACGIH guidelines.
Key words: Thermal stress, Comfortability, Thermohygrometric index, Relative strain index, Wet bulb globe
temperature.

1.

Introduction

Day to day climate shift is likely due to rapid
development of urban area [Ono & Kawamura
1991; Kjellstrom & Lemka 2009; Moran etal 2001].
According to WHO (1972), discomfort starts from
24°C onwards when relative humidity is 100%.
Every human body has a thermoregulatory
mechanism which helps to maintain the core body
temperature nearly 37°C instead of continuous
internal heat creation in the body during work
[Chakrabarty 1988]. In summer months, heat
transfer is disrupted between the body and the
environment in presence of high moisture causing
physiological strain which may proceed towards
fatigue. Therefore the physiological heat strain
experienced by a person will be related to total heat
stress, serving the need to maintain body

Premonsoon months March to May is generally
known as summer months which are stressful
particularly for the workers engaged in outdoor
activities. Heat related illness viz. rash, cramp,
exhaustion and heat stroke are danger to people
not accustomed to the physiological stress of hot
climate. The magnitude of heat stress depend on
several factors - ambient air temperature, relative
humidity, global radiation, clothing insolation, air
flow and heat exchange between body and the
surrounding environment and can be explored in
terms of ambient air temperature (Shapiro &
Epstein 1984). Table 1 represents the heat
produced per unit change of environmental
parameters.

TABLE 1
Increase of heat/temperature per unit change of environmental parameters
Parameters

Heat/temperature change

Sweat evaporation

18.6 watt per 1 mm Hg change of vapour pressure below 42 mm Hg

Metabolic rate

17.5 watt above 80 watt (rest level) is equivalent to 1°C rise in Ta

Wind speed

A change of 0.1 m/s is equivalent to 0.5°C

Relative humidity

10% change is equivalent to 0.3°C in Ta

Clothing insulation

5°C at rest
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temperature within ±1°C around resting body
temperature. According to Fanger 1970 ideal
conditions of thermal comfort depends on the
temperature balance among different body parts
(Table 2). Many scientists have reported that
increasing heat stress due to climate change is
responsible for increasing health risks among the
workers. Active researches are going on to explore
the conditions of thermal comfort and grade the heat
stresses [Wallace etal 2005; Unger 1999; Shapiro
etal 1982; Bhattacharya & Biswas 2010;
Chakrabarty 1982; Sohar 1982; Chakrabarty etal

2007]. The first heat stress index was suggested
by Haldane (1905) where wet bulb temperature was
taken as a single variable. Thermohygrometric
index, wet bulb globe temperature, relative stress
index are widely used in tropical regime whereas
more than forty five indices are in use all over the
world.
In the present paper an attempt is made to get
an idea about the degree of heat stress during
summer months using simple estimates from the
available data set.

TABLE 2
Body temperature balance
Body parts

Temperature

Body parts

Temperature

Body core

36.5°–37.5°C

Body stem

34°C

Skin

30°C

Head

35°C

TABLE 3
Descriptive statistics of meteorological parameters
Parameters

Period

Average

S.D.

Maximum

Minimum

Atmospheric pressure (hPa)

1995-1999

1003.19

4.11

1014

985

2000-2004

1003.04

4.22

1013

989

2005-2009

1003.46

3.66

1013

995

1995-1999

31.84

2.86

37.3

21.4

2000-2004

32.06

2.76

42.2

20.4

2005-2009

33.0

2.61

39

23.4

1995-1999

21.77

4.45

30.9

7.6

2000-2004

21.71

5.04

33.3

6.2

2005-2009

22.52

4.17

29.3

5.6

1995-1999

24.96

2.75

31.87

16.97

2000-2004

25.06

3.0

33.35

15.28

2005-2009

25.74

2.47

30.21

17.36

1995-1999

544.12

101.81

742.23

57.20

2000-2004

546.08

98.02

742.22

58.21

2005-2009

544.21

102.84

738.88

57.24

1995-1999

260.82

55.89

422.01

46,98

2000-2004

261.08

56.22

420.18

46.02

2005-2009

260.26

58.82

413.83

46.91

Dry bulb temperature (°C)

Dew point temperature (°C)

Wet bulb temperature (°C)

Global radiation

(w/m2)

2

Diffuse radiation (w/m )
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2.

working places. Hence for the present analysis
widely used three indices are computed from the
available data.

Methodology

2.1 Study area and data
Dumdum (22°34'N/88°22'E) is situated in the district
North 24 Parganas of West Bengal. This area is
approximately free from orographical effects and it
is a long way of about 120 km from huge water
mass (Bay of Bengal) except the river Hugli. The
locality is very dense and most of the people are
engaged in house based small scale industries. The
natural radiation balance of this area is altered due
to several causes viz. rapid urbanization,
obstruction from built up areas, emission of
artificial heat and pollution to the atmosphere and
water balance upset. Hence its geographical
situation is favorable to develop suburban climate.

Thermohygrometric index (THI), one of the simple
indices to estimate heat stress was developed by
Thom (1957,1959).
THI = 0.72 (Ta + Tw) + 40.6 in °C

… (1)

where Ta and Tw are respectively the air
temperature and wet bulb temperature.
Wet bulb globe temperature (WBGT) accounts
four variables viz. air temperature, humidity,
radiant heat and air circulation. The WBGT index
is expressed by the following equation (Yaglou
and Minard 1957)

Surface pressure, dry bulb temperature, dew
point temperature, wet bulb temperature, global/
diffuse radiation for the period 1995 to 2009 of
nearby IMD weather station (42809) are collected
from National data centre, India Meteorological
Department, Pune. The descriptive statistics of
the meteorological parameters at five years
interval during the assessment period are
presented in Table 3.

WBGT = 0.7 Tw + 0.1 Ta + 0.2 Tg

… (2)

where Tw, Ta and Tg are respectively wet bulb,
dry bulb and globe temperature. WBGT index is
used for outdoor workers and adapted as [NISOH
1972; ISO 7243 (1982)].
In order to take into account the clothing
insulation, relative strain index (RSI) was
developed for a healthy people dressed with
business suit at a place not acclimatized to direct
heat [Shapiro et al 1982].

2.2 Thermal stress indices
Indices of thermal discomfort of human are the
result of the superposition of several components
and are based on heat balance equation which
integrate all environmental parameters. However
it is practically impossible to record all the
necessary variables of the heat balance. In reality
the prevailing conditions are same at various

RSI = (Ta - 21) / (58 - e)

… (3)

where Ta and e are respectively the air
temperature in °C and vapour pressure in hPa.
The required skin wettedness which helps to

TABLE 4
Discomfort scale
Score

Thermal
sensation

Comfort
THI

Range of variables
WBGT

RSI

Required
RSW

1

Natural

Comfort

<60

25.6-27.7

0.10

0

2

Slightly
warm

<50% feel
discomfort

60 ≤ to <70

27.8-29.4

0.20

20%

3

Warm

>50% feel
discomfort

70 ≤ to <80

29.5-31.0

0.30

20%-40%

4

Hot

Severe
stress

80 ≤ to <90

31.1-32.1

0.40

40%-60%

5

Very hot

State of
medical
emergency

>32.2

0.50

≥ 80%

≥ 90
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remove heat from body as a latent heat of
evaporation and keep the body in thermal comfort
can be obtained from the ratioEreq/Emax when thermal
balance is achieved. E req = Metabolic heat
production ± Heat exchange between body and
surrounding and Emax is the maximum capacity of
evaporation [Kerslake 1972;Gonzalez et al 1978.
The various stages of thermal sensation and
physiological zone of thermal discomfort with
increasing temperature are classified from survey
among the various populations by several scientists
all over the globe in a five graded discomfort scale
[Prasad and Power 1982; Mayer and Hoppe 1987;
Epstein and Moran 2006] as shown in Table 4.
Required skin wittedness at different stages of
discomfort is also presented in the same table.

3.

Results and Discussion

Fig.1. Variation of daily average .......and 30 days
running average .....of the thermal indices

Fig. 2. Frequency histogram of thermal stress
indices

Daily values of the heat stress parameters THI,
WBGT and RSI are computed for each
observation time of the IMD station DumDum.
Figure 1 represents the daily average value of
the stress indices along with the thirty days
running average during the hot months (March,
April and May) from the year 1995 to 2009. It is
observed from the figure that the heat stress
during April is less compare to the other hot
months. However the running average is smooth
for all the indices. The heat stress was maximum
in the year 2009 as evidence from the figure. The
year 2009 was also the warmest year on record
since 1901 as reported by India Meteorological
Department in their bulletin. Table 5 gives the
descriptive statistics of the thermal stress indices.
It is noticed that the overall average value of the
variables remain same at each five year interval.
But from the frequency histograms (Figure 2) it is
found that both THI and RSI have positive trend.
In our analysis WBGT index are estimated for
indoor only. Here we find that number of
comfortable days has decreased from the year
2000 onwards.
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TABLE 5
Descriptive statistics of heat stress indices
Indices
THI

WBGT

RSI

4.

Period

Mean

S.D.

Maximum

Minimum

1995-1999

81.47

3.58

89.18

65.78

2000-2004

81.73

3.66

90.19

69.02

2005-2009

82.89

3.13

89.11

72.31

Overall

81.92

3.55

90.19

65.78

1995-1999

28.24

1.59

32.99

25.66

2000-2004

28.47

1.58

33.42

25.56

2005-2009

28.60

1.52

31.88

25.55

Overall

28.43

1.57

33.42

25.55

1995-1999

0.37

0.14

1.08

0.06

2000-2004

0.38

0.17

1.80

0.06

2005-2009

0.42

0.13

0.73

0.07

Overall

0.39

0.15

1.80

0.06

over Kolkata, West Bengal', Proc. Biodiversity,
Water Resources and Climate Change Issues,
Kalyani University, pp.110-115.

Conclusions

Thermal discomforts on an average during the
assessment period are found to vary from
category 3 to 4. More than 70% days of summer
months fall in red category particularly for those
people engaged in outdoor activities. Major
symptoms of heat stress are not always due to
heat load alone. Moreover discomfort partly
depends on the behavioral adjustment.
Individuals who are able to adjust their work rate
can avoid physiological strain in thermally
stressful environments [Veronica and Graham
2007]. In general precautions should be taken
following the ACGlH and BELs (2004) guidelines
of work vs rest regimes of permissible heat
exposure threshold limit values.
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Utility of Global Positioning
System derived integrated
precipitable water vapour on
weather analysis and forecasting
ABSTRACT

In the recent year a new technology to remote sensing water vapour in the atmosphere is being applied worldwide
on the basis of Global Positioning System (GPS). India Meteorological Department has installed ground based
GPS receiver with data processing system at five cities including Kolkata, India to derive integrated precipitable
water vapour (IPWV) in the aim of enhancement of meteorological observation over Indian region. In the
present study hourly IPWV data derived from GPS at Kolkata for the peak pre-monsoon period (April - May)
2008 has been analysed to explore the potentiality of this data in forecasting/nowcasting severe thunderstorm
events namely Norwester’s and some other characteristic features related to water vapour contained of the
atmosphere. Study reveals that GPS derived IPWV can be used as good predictor for nowcasting of severe
thunderstorm events and temporal variability of precipitable water vapour contained in the atmosphere. Time
of commencement of severe thunderstorms nearly coincided with time of attaining highest IPWV value with a
sharp increase on an average 1.6 mm/hr over a period of 7 - 8 hrs prior to occurrence of the thunderstorm event,
however minimum and peak value depends upon the calendar day as significant positive trend of IPWV value
seen through advancement of the season. Statistical analyses indicate that a polynomial trend curve may be
used for nowcasting 2 - 3 hrs prior to occurrence of the severe thunderstorm over Kolkata and neighbourhood.
Time series analysis of daily averaged IPWV data of Kolkata shows that it could be useful to determine the
transition of two seasons and consequently advance of monsoon over a region.
Key words: Global Positioning System (GPS), IPWV, Forecasting, Kolkata.

1.

System (GPS) is being applied worldwide to remote
sensing water vapour in the atmosphere. India
Meteorological Department has installed ground
based GPS receiver with data processing system
at five cities including Kolkata, India to derive
integrated precipitable water vapour (IPWV) in the
aim of enhancement of meteorological observation
over Indian region.

Introduction

Water vapour is one of the key elements of the
atmosphere as moisture and latent heat are
transported through water vapour phase. Also water
vapour is a highly variable and not evenly distributed
in the atmosphere. It plays an important role in
various atmospheric processes that act over a wide
range of spatial and temporal scales starting from
global climate to micrometeorology. Thus accurate
dense and frequent measurement of atmospheric
water vapour obviously has great use in day to day
weather forecasting as well as climate study.
Atmospheric scientists have developed a variety
of means to measure the vertical and horizontal
distribution of water vapour. At present water vapour
is measured using radiosondes and ground or
space base radiometer. Radiosondes provide
accurate water vapour profile data of the
atmosphere which have great use in weather
analysis and forecasting but spatial and temporal
coverage is rather poor. In the recent year a new
technology on the basis of Global Positioning

GPS derived IPWV data can be available on near
real time basis with high temporal resolution (hourly
or even every 30 minutes). So it promises a great
application in improvement of short term weather
forecast especially during severe weather condition
viz., severe thunderstorm activity, flash flood event
etc. Application of IPWV data in meso scale
numerical weather model studied by Kuo et al.
1993,1996 and they infer that GPS derived IPWV
data assure improvement in short term weather
forecasting. Besides short term weather prediction,
GPS observations of atmospheric moisture can also
be used to monitor climate change (Yuan et al.
1993).Nowcasting of thunderstorm using GPS
22

GPS signals are delayed by water vapour, dry
air, hydrometeors and other particulates (Niell
1996). The delay due to water vapour offers an
opportunity for sensing water vapor with GPS (Bevis
et al. (1992), Rocken et al. (1993), Businger et al.
(1996) and Duan et al. (1996). Also it is well known
fact that water vapour contained in atmosphere
rapidly changes with occurrence of severe
convective activity. So, hourly IPWV data for days
of severe thunderstorm and non-thunderstorm days
has been analysed by means of basic statistical
parameters viz., Mean, variance and also statistical
trend analysis. Diurnal variability of IPWV data has
been examined and the significant hours of a day
for which IPWV data to be monitored for short term
prediction of severe convective activity have been
identified using K-mean cluster analysis. Time
series analysis of daily average of hourly IPWV data
has been performed to see the variability of IPWV
data during transition of two seasons.

Meteorology has been studied conducting field
experiments by many authors in other countries. In
India the estimation of IPWV using GPS has been
initiated by Giri et al. (2006 ) for winter season. Giri etal.
(2007) has also done the comparative study of GPS
derived IPWV data with MODIS, NCEP and
Radisonde data. Again as the thermo dynamical
properties of tropical troposphere changes rapidly
application of thermodynamic diagram computed
from Radiosonde data is having limitations on
account of only two daily observations viz. 0000 UTC
and 1200 UTC and present conventional synoptic
manual weather observation recorded in three hourly
interval with very low spatial resolution. Under such
circumstances use of real time IPWV contents
recorded at each hour by ground based GPS may
have great advantages for short term forecasting
(nowcasting) of severe thunderstorm events.
In the present study, an attempt has been
made to explore the utility of IPWV data derived
from GPS installed at Kolkata in short term
prediction and understanding of meteorological
characteristic features of severe thunderstorm
event over Kolkata and its vicinity. Also potentiality
of the GPS derived IPWV data to explore some
other characteristic features directly related water
vapour contained of the atmosphere have been
examined in this study.

2.

3.

Results and Discussions

Severe thunderstorm events over Kolkata during
16th April to 31st May 2008 have been scrutinized
from daily weather data of two meteorological
observatories namely Alipore and Dum Dum with
about 20 km distance apart from each other and
date and time occurrence of these events has been
tabulated in Table 1. Severe thunderstorm
associated with Squall in 3 occasions and
associated with heavy shower occurred at Alipore
and 5 occasions of severe convective activity
associated with squall were reported by Dum Dum.
Scrutinizing the hourly IPWV value interestingly it
has been noticed that time of peak value of IPWV
nearly coincided with the time of commencement
of the severe thunderstorm activity as shown in
Table 1. Also Mean and variance of hourly IPWV
values in a day for severe thunderstorm days, nonthunderstorm days and all days has been shown in
Table 2 from which it indicates that variance
associated with severe thunderstorm events (12.4)
much higher than non-thunderstorm days(4.4). The
above innovation motivate that hourly IPWV value
may have good predictability of severe
thunderstorm events. Averaged hourly values (mm)
of IPWV for squall days, non-thunderstorm days
and all days have been plotted in Fig.1. It is observed
from Fig.1 that a significant change of IPWV values
i.e. IPWV values sharply increased from late
morning (around 0500 UTC) to evening period when

Data and Methodology

The main objective of this study is to reveal the
predictability value of IPWV data received at each
hour through GPS installed at Regional
Meteorological Center, Kolkata for nowcasting of
severe thunderstorms events associated with squall,
hailstorm, heavy showers etc which are also known
as Norwester's over Kolkata and neighbourhood
during pre-monsoon season and also to find out the
salient characteristic features explored from IPWV
data with change of season or hours of a day. So,
daily hourly IPWV data of 2008 for the peak
premonsoon period 16th April to 31st May and
beginning month of monsoon i.e. June 2008 has
been collected from India Meteorological
Department, New Delhi. The weather information i.e.
occurrence /non-occurrence of thunderstorm activity
and associated weather over Kolkata during the peak
premonsoon period has been extracted from
meteorological report of Regional Meteorological
Centre, Kolkata.
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TABLE 1
Date and time of severe thunderstorm events and
associated peak and 1030 hrs IST values of IPWV
Station

Date

Time of
commencement
of severe weather
(squall, heavy
shower etc) (IST)

Time of
peak value
of IPWV
(IST)

Peak value
of IPWV
(mm)

Value of
IPWV at
1030 hrs IST
(mm)

Dum Dum

03.05.08

1820

1830

44.0

32.5

Dum Dum

04.05.08

1933

1930

59.2

39.6

Alipore

1916

Dum Dum

05.05.08

2155

2030

43.2

37.7

Alipore

10.05.08

2142

2130

51.8

39.4

Dum Dum

2154

Alipore

17.05.08

1737

1730

56.3

44.8

Alipore

18.05.08

1845

1830

50.1

36.4

1930

54.1

44.4

Dum Dum
Dum Dum

1848
19.05.08

1924

TABLE 2
Mean and variance of hourly IPWV values for
severe thunderstorm days, non-thunderstorm days and all days
Events

Mean of hourly values of
IPWV (mm) in a day

Variance

Severe Thunderstorm (Squall) days

38.9

12.4

Non-Thunderstorm days

36.7

4.4

All days

38.5

6.1

Fig.1. Averaged hourly values (mm) of IPWV for squall days, non-thunderstorm days and all days and
trend curve for squall days
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severe thunderstorm activity occurred and then it
decreased sharply, however no such features found
on non-thunderstorm days. K- Mean Cluster
Analysis suggested 0500 UTC to 1600 UTC data
is most significant for indication of severe
Thunderstorm Event over Kolkata during premonsoon season. The peak values of IPWV in mm
and values at 0500 UTC (1030 hrs IST) are
presented in Table 1. On an average 1.6 mm/hour
increase in IPWV value was noticed over a period
of 7 to 8 hours prior to the commencement of severe
thunderstorm activity over Kolkata. However the
minimum and peak values of IPWV could not be
taken as fixed single values for whole season
because significant positive trend observed as
season advances. Trend analysis of averaged
hourly IPWV value in a day for severe thunderstorm
events of premonsoon 2008 indicated a fourth order
polynomial curve fitted with good correlation
coefficient value as 0.86 (Fig.1). Comparing
observational hourly data with average polynomial
curve nowcasting of severe thunderstorm events
can be done 2 to 3 hours prior to occurrence of the
event. However for estimation of the polynomial
curve a long period data series has to be analysed.

Fig.2(b). Hourly IPWV values and running pentad
values for severe thunderstorm accompanied by heavy shower occurred on 17th
May 2008 over Kolkata
day of occurrence) of hourly IPWV values plotted
in Figs.2(a&b). From Figs.2(a & b) also found that
hourly IPWV data can be used as a good predictor
for nowcasting of severe thunderstorm events over
Kolkata and neighbourhood.

The behaviour of hourly IPWV values(0500
UTC to 1600 UTC) for two individual cases of severe
thunderstorm events one associated with squall
(3rd May 2008) and another accompanied by heavy
shower (17th May 2008) respectively are depicted
in Figs.2(a&b). Also for comparison, the running
pentad average (five days average values prior to

Fig.2(a).Hourly IPWV values and running pentad
values for severe thunderstorm associated
with squall occurred on 3rd May 2008 over
Kolkata
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It is well known fact that water vapour contained
in the atmosphere increases from winter to summer.
However, a true picture about rate of increase and
characteristic features in values of precipitable
water vapour contained of the atmosphere during
transition of season based on very high temporal
resolution of data are not known. So daily average
value of IPWV based on hourly data has been
computed for the period 16th April to 30th June
2008. At first, time series of daily average IPWV
values for the period 16th April to 31st May 2008
analysed (Fig.3). From Fig.3 it can be seen that a
significant linear increasing trend in IPWV values
as season advances and this innovation
encouraged that GPS derived IPWV values can
used for identification of transition of two season
consequently advance of monsoon over an area.
So daily average IPWV values for the period 16th
May to 30th June 2008 are taken into account for
time series analysis and depicted in Fig.4. The
significant positive linear trend of IPWV values as
shown in Fig.4 indicated with very high correlation
coefficient (R2 = 0.71) and greater slope (0.77).
However if we look at the daily average IPWV
values, very high values observed randomly on
some days in the month of May which may be due
to in association with severe thunderstorm activity
accompanied with heavy shower. So for

Fig.3. Time series and trend analysis of daily average IPWV during 16th April to 31st May 2008

Fig.4. Time series and trend analysis of daily average IPWV during 16th May to 30th June 2008

Fig.5. Time series and trend analysis of running pentad values of IPWV during 16th May to 30th June 2008
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identification of transition of season or advance date
of monsoon over an area running pentad average
(Five days moving average) of daily IPWV data may
be taken for time series analysis. Thus time series
with linear trend analysis of running pentad values
of IPWV for the period of 16th May to 30th June
2008 is shown in Fig.5. From Fig.5 it can be seen
that more significant positive linear trend observed
with very high correlation coefficient (R2 = 0.90) in
case of running pentad values of IPWV than daily
average values. In 2008 the southwest monsoon
advanced over Kolkata on 9th June and running
pentad value of IPWV on that date was more than
60 mm whereas the same for 8th June was 58.9
mm. Thus an objective running pentad value of
IPWV can be determined with availability of more
number of years GPS derived hourly IPWV data.

4.
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Upper circulations anomaly
during deficient and excess
monsoon rainfall over Madhya
Pradesh
ABSTRACT

Summer monsoon over India as well as in central Indian region i.e Madhya Pradesh is very regular, its activities
often varies from year to year and some times the variation is very much marked. One extremity may result in
severe drought-a single sufficient factor for disruption of economy. It has dramatic influences on the crop
production as well as the living conditions of the inhabitants of the affected areas. The study of dynamics of
monsoon indicated that an anomalous cyclonic (anticyclonic)circulation lay over northwestern India during
deficient (excess) monsoon years in May, were more marked in July and August. In deficient years Tibetian
anticyclonic circulation shifted north- east of its normal position, associated with southwest northeast orientation
of ridge, caused adverse impact on formation of weather systems in Bay of Bengal. It also triggered the north/
northwesterly movement of weather systems over Indian region. The geopotential height anomalies were negative
over large part of northwest India with maxima around 35 deg N, supported by negative SST anomaly over SE
Arabian sea during deficient years.

1.

heights and upper air temperature are obtained
from National Centre for Environmental Prediction
(NCEP) and National Centre for Medium Range
Weather Forecasting (NCMRWF). The monthly
rainfall time series of Indian monsoon rainfall of
excess and deficient monsoon rainfall is collected
from various publication of IMD.

Introduction

The monsoon governs the very pulse of life in India.
It is no wonder, therefore, that the public, media
and the farmers in particular, are very much
concerned when there is a deficiency in monsoon
rainfall over the country. Although the recurrence
of summer monsoon over India as well as in
central Indian region i.e Madhya Pradesh is very
regular, its activities often vary from year to year
depending upon the intensity and movement
weather systems. One extremity may result in
severe drought-a single sufficient factor for
disruption of economy. It has dramatic influences
on the crop production as well as the living
conditions of the inhabitants of the affected areas.
In this paper, deficient monsoon rainfall years
[<20% of Long Period Average(LPA )] and excess
monsoon rainfall years (>20% of LPA) are
considered for study. The major agricultural
operation of the kharif in Madhya Pradesh starts
after onset of monsoon and dependent on rainfall
activity particularly in the month of July and
August, therefore, the dynamics of monsoon
which are responsible for deficient (excess)
rainfall over M.P during July-August is analyzed.

2.

3.

Results and discussions

3.1 Circulation anomalies
July and August are the rainiest months, contribute
around 70% of total monsoon rainfall over Madhya
Pradesh and are important for kharif crop.
Therefore, study have been carried out on various
meteorological parameters in July and August
during 1965,1966,1979,1987 and 2000 (deficient
years) and 1961,1973 and 1994 (excess years),
the two contrasting monsoon years. The study also
extended to the pre-monsoon months to find out
precursors and behavior of such parameters before
onset of monsoon.
It was observed that in deficient years in the
month of May an anomalous cyclonic circulation
developed over northwestern India in middle and
upper atmosphere between 500 hPa and 200 hPa
levels. This anomaly persisted during the month of
June and was well marked in the later months i.e.
July and August. On the other hand, an anomalous
anticyclonic circulation was noticed over northwest

Data and methology

The monthly values of various meteorological
parameters like upper air wind, geo-potential
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India in excess monsoon years during same period
Figure 1(a & b). This is also noticed in the previous
studing by Joseph’ (1978).

(a)

In the lower troposphere (850 hPa), the
anticyclonic (cyclonic) wind anomaly is located over
central Indian region in deficient(excess) monsoon
years, causing depletion of moisture and decrease
in positive vorticity over the area Figs. 2(a&b).

C

(a)

A

A
(b)

C

A
A

A

C
(b)
Figs.2(a&b).Wind anomaly in lower troposphere at
850 hPa during excess (deficient) years

C

During deficient monsoon years, anomalous
cyclonic circulation with positive zonal anomaly
is noticed at 200 hPa over Pakistan and adjoining
Afghanistan around 300 °N indicating strong
westerlies over the area [Figs.3(a&b)]. The
negative anomalies are observed in the westerlies
over south China around 25 deg N suggesting
shifting of easterly jet over the region. Tibetian
anticyclonic circulation was shifted north-east of
its normal position, associated with southwest
northeast orientation of ridge, caused adverse
impact on formation of weather systems in Bay
of Bengal. It also triggered the north/northwesterly
movement of weather systems over Indian region.
The geopotential height anomalies were positive

A

Figs.1(a&b). Wind anomaly in upper troposphere
at 200 hPa during excess (deficient) years.
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over large part of northwest India with maxima
around 35 deg N. In excess monsoon year, this

is replaced by negative height anomalies over
the region [Figs.4(a&b)].

(a)

(a)

(b)

(b)

Figs.3(a-b): Zonal wind anomaly in upper troposphere at 200 hPa during excess (deficient) years

Figs.4(a&b). Geopotential height anomaly in upper
troposphere at 200 hPa during excess
(deficient) years.

Figs.5(a&b). Air temperatures in upper troposphere at 200 hPa during excess (deficient) years
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3.2 Upper air temperature anomaly
In deficient years by the month of May cold anomaly
was observed over Afghanistan and neighbourhood.
This anomaly is more pronounce during later months.
On the other hand in excess years upper troposphere
was warmer during these months Figs.5(a&b). This
thermal pattern associated with the large scale
droughts and floods was reported earlier by
Rajeevan (1993) and Rajeevan(1991). They found
that years when cold conditions in the upper
troposphere over northwestern India in May persisted
through the subsequent monsoon months in the year
of poor monsoon. These thermal pattern found in
pre-monsoon and monsoon months may be
associated with southwards intrusion of sub-tropical
trough/ridge system. Such penetrations of westerlies
to south of Himalayas can occur when Tibetan
anticyclone is shifted to east wards during monsoon
months [Vernekar et al. (1995); Joseph (1978)].

4.

(ii)

(iii)

weaker easterly jet. It was also noticed that in
drought years, the position of Tibetan
anticyclone was to east of its normal position.
In excess years an anomalous anticyclonic
circulation was observed over northwestern
India at middle and upper levels during monsoon
months. The upper tropospheric easterly
anomalies were observed over Peninsular India
indicated a stronger easterly jet.
In deficient years cold temperature anomaly
was observed during may and June which is
more pronounce in July and August.
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Conclusions

The interseasonal characteristics of the summer
monsoon characterized by a large deficiency of
monsoon rainfall and that of a large excess
monsoon rainfall over central Indian region is
studied and the following conclusions are drawn:
(i)
In deficient years it was observed that an
anomalous cyclonic circulation developed
over northwestern India at middle and upper
levels during the month of May. It
subsequently persisted and extended to larger
area in the later months. The upper
tropospheric westerly anomalies were
observed in the month of May. It was further
extended in June to September, indicated a
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Synoptic, satellite and
thermodynamics perspective of
a severe hailstorm over Cooch
Behar on 4th April, 2010 -A case
study
ABSTRACT

Premonsoon season in eastern India is known for thunderstorm activity associated with moderate to heavy
rain, gusty wind and sometimes with the occurrences of hailstorm and squall. However, a severe hailstorm
with large size of hailstones and long duration is a rare event. Such a hailstorm with hailstone size of about 5
cm has occurred over Coochbehar (26.32° N, 89.45° E) on 4th April, 2010 during evening time over a period
of 10 minutes. In this paper an attempt has been made to investigate prerequisite synoptic situation, satellite
and thermodynamic conditions of the atmosphere associated with the hailstorm and nature of meteorological
parameters during the occurrence of the event using Synergie Workstation installed at RMC Kolkata. A dry
line extended from Bhutan and adjoining Sikkim to North Orissa across SHWB, Bihar, Jharkhand and GWB.The
upper air analysis revealed that lower level convergence, strong wet-bulb potential temperature (WBPT),
absolute vorticty (AV) and abundant moisture incursion with supportive middle level jet provided ideal
atmosphere for this hailstorm occurrence. The vertical wind shear for this event has been calculated and analysed.
The satellite picture with the help of cloud top temperature and vertical velocity has also been analysed. The
analysis of T-ø gram of CoochBehar revealed that the freezing level was low and cape value was high for this
hailstorm. The significant finding divulges that hailstorm was in association with westerly system and held at
junction of the WBPT and AV ahead of the dry line.
Key words: Hailstorm, Dry-line, WBPT, Absolute vorticity, Vertical velocity.

1.

Introduction

Over Indian region, especially over northeast
region many attempt have been made in the past
to explore the favourable condition for occurrence
of thunderstorm activity by different authors (eg.,
Koteswaram and Srinivasan 1958; Sen and Basu
1961; Choudhury 1961; Mukherjee 1983). A
synoptic and radar study on severe hailstorm of 27th
May 1959 near Sikar (Rajasthan) has been done
by Mull and Kulshrestha,(1962). They suggested
that the border region of cyclonic and anti cyclonic
vortices might have provided a suitable place for
the occurrence of hook-shaped protuberance.
Suresh and Bhatnagar, 2004 have analyzed
unusual hailstorms over Chennai by using data from
a single Doppler weather data. They observed
vertical extent of the hailstorm which was well
beyond 20 km with high reflectivity (about 45 dbZ)
seen at 18.5 km. Rao and Mukherjee,(1958)
described a method on forecasting hailstorms by
24hrs vectorial wind changes for 1.5 km level on
the day of occurrence of hailstorm and cyclonic
vortex being embedded in a moist air stream is a

A common feature of weather during premonsoon
season (March to May) over Northeast India is
thunderstorms, known as Norwester's over this
region. In Northeast India thunderstorm appears
with severe intensity (Hodinot 1986) causing
extensive damages to property and sometimes
injury or loss of life. Hailstorms associated with
severe thunderstorm activity are one of the major
causes of natural disasters and greatest weather
hazards to aviation. Though thunderstorms with
moderate to heavy rain and gusty winds observed
over Cooch Behar frequently in premonsoon
months, hailstorm with long duration and large
intensity produced by severe convective activity is
not very common. On 4th April, 2010 a severe
hailstorm has occurred with hail size about 5 cm
diameter lasting about 10 minutes over Cooch
Behar during evening. Hence an attention is needed
to investigate the prerequisite atmospheric
conditions for the development of such type of
weather event.
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To examine the surface and upper air synoptic
features dew point temperature of the eastern
region of 0600 UTC and 1200 UTC of 4th April
2010 along with lower levels winds at 925 hPa
and 850 hPa obtained from WRF model run at
ACWC Kolkata has been analysed.

favourable place for development of hail producing
thunderstorm. A radar study has been done by
Sharma, (1965) on hailstorm over Guwahati.
Mukherjee et al., (1962) have studied the structure
of hailstones and prevailing meteorological situation
on an unusual hailstorm event over Guwahati on
18th March, 1961. They concluded on the study
that sufficient amount of moisture; local orographic
features and latent instability in the atmosphere
seem to have given a rise to the hailstorms. Further
they found that hailstorms were in association with
strong vertical wind shear. In the present study an
attempt has been made to work out the prerequisite
synoptic, satellite and thermodynamic features of
the atmosphere for occurrence of severe hailstorm
over Cooch Behar on 4th April, 2010.

2.

The satellite pictures along with cloud top
temperatures for the period from 04/1100 UTC to
04/1330 UTC at an interval of 30 minutes have
been obtained and analysed for investigating the
origin, intensification and movement of the
system. Vertical wind Shear which is an important
parameter for identification of severe
thunderstorm events has also been analysed.
Wet Bulb Potential Temperature (WBPT) and
Absolute Vorticity (AV) at lower level (850 hPa
along with low level jet at 700 hPa obtained from
French model (ARP-TROP 1.5) has been
analysed. Convective Potential Energy (CAPE)
has been shown to play an important role in
mesoscale convection systems (Moncrieff and
Millar,1976), especially in the tropical atmosphere
(Bhat etal,1996). In the present case study WBPT,
AV and CAPE along with vertical wind shear of
the north-eastern region have been critically
analyzed.

Data and Methodology

Cooch Behar is situated in the foothills of the
Eastern Himalayas. The great Himalayas range lies
to the north with high average height and many
snow covered peaks. It has a gentle slope from
south to east (Fig.1). A severe hailstorm with hail
size about 5 cm diameter accompanied by heavy
shower occurred over Cooch Behar during evening
1818 hrs IST to 1827 hrs IST of 4th April, 2010. To
investigate nature of meteorological parameters
and the prerequisite synoptic and thermodynamic
condition of the atmosphere associated with such
a rare event, Synoptic weather charts, available
satellite images and thermodynamics parameters
using Synergie workstation installed at ACWC
Kolkata has been used.

3.

Result and Discussions

3.1 Synoptic features
3.1.1 Dew Point Temperature chart analysis
A dry line is a boundary that separates a moist air
mass from a dry air mass. Also called a "Dew Point
Front", sharp changes in dew point temperature can
be observed across a dry line. Dew Point
Temperature chart of 0000 UTC and 1200 UTC of
4th April, 2010 (Fig.2) revealed that a dry line
extended from Bhutan and adjoining Sikkim to North
Orissa across SHWB, Bihar, Jharkhand and south
GWB with dew point in the east was of the range
from upper 20°C to low 30°C with wind from the
south-east. West of the dry line dew points were in
5°C to middle 10°C triggered the development of
severe thunderstorm along and ahead of the dry
line. This is in the agreement with Moller et al. (1994)
ideas about super cells developing due to
mesoscale forcing like dry lines. It may be due to
the fact that contrast in air masses in presence of
dry line served as a good trigger mechanism for
the development of severe convective storms.

Fig.1. Topomap of North-Eastern States
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over Bihar and adjoining SHWB. Also synoptic charts
revealed that vigorous moisture incursion from Bay
of Bengal through southerly or southwesterly wind flow
was taking place over the region bringing this severe
thunderstorm over the area.

Fig.2(a)
Fig.3(a)

Fig.3(b)
Figs.3(a&b) Upper air chart analysis
3.2 Satellite picture analysis
As life of a severe thunderstorm is of few hours
only that is why satellite pictures play a significant
role in providing the information about the formation
of severe thunderstorm cell, its intensification and
its movement. Fig.4 shows the satellite pictures with
cloud top temperature less than -40°C from 1100
UTC to 1330 UTC of 4th April 2010. The satellite
picture with cloud top temperature analysis revealed

Fig.2(b)
Figs.2(a&b): Dew point temperature analysis
3.1.2 Upper air chart analysis
The lower troposphere flow pattern at 0000 UTC of
4th April 2010 (Fig.3) obtained from WRF model run
at ACWC Kolkata at 9 km resolution showed a cyclonic
circulation extending upto 1.5 km above sea level (asl)
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Fig.4(a)

Fig.4(d)

Fig.4(b)

Fig.4(e)

Fig.4(c)

Fig.4(f)

Figs.4(a-f): Satellite pictures with SST
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that the thunderstorm cell was developed around
Bhutan and adjoining SHWB and Sikkim at 1100
UTC and gradually intensify and moved in west
north-northwesterly direction and affect Cooch
Behar severely along its way.
3.3

WBPT, AV and low level Jet at 700 hPa
analysis
WBPT indicates the presence of warmer parcels
throughout the whole troposphere during
convection whereas AV indicates the measurement
of rotation of the air parcel. Moreover,low level jet
at 700 hPa perform as a steering force to steer the
convection during premonsoon season. Figs.5(a&b)
represent the WBPT and AV at 850 hPa with lower
level Jet at 700 hPa at 0000 UTC and 1200 UTC of
4th April 2010 with a threshold value of 20°C for
WBPT,10 unit for AV and 20 knots for wind at 700
hPa.The analysis of the parameter revealed that
the thunderstorm cell has been developed at the
junction of the WBPT and AV and steered by the
low level jet at 700 hPa along north-northwesterly
direction.

Fig.5(b)

3.4 T-ø gram analysis
Hailstorms are frequently associated lower freezing
level with moderate to high CAPE value. The T-ø
gram of CoochBehar has been obtained from
French model (ARP-TROP 1.5) at 1200 UTC of 4th

Fig.5(c)
Figs.5(a-c). Thermodynamics parameters

Fig.5(a)
36

April 2010 to calculate and analysed the T-ø gram
of Cooch Behar [Fig.5(c)].From the T-ø gram it
revealed that the freezing level of Cooch Behar at
1200 UTC was very low around 595 hPa~4 km asl
with moderate CAPE of 1224 J/kg.
3.5 Analysis of vertical wind shear
Hailstorms are frequently associated with strong
vertical wind shear (Das,1962). It may be due to
the fact that the vertical wind shear of the horizontal
wind speed produces kinetic energy at the lower
levels of the atmosphere resulting in a vertical
motion. Also in presence of strong wind shear and
available moisture, favourable condition for the

formation of convective cloud of large height occurs
with moisture convergence. Vertical wind shear of
North-Eastern region has been obtained form
French model (ARP-TROP 1.5) at 0000 UTC and
1200 UTC of 4th April 2010 between surface and
500 hPa with threshold value of 10 knots (Fig.6).
It has been observed from the analysis that the
vertical wind shear at 1200 UTC has been increased
substantially from 0000 UTC over the region and
attained the value of 30 knots at 1200 UTC. So it
may be concluded that strong vertical wind shear
(30 knots or more) was in favourable condition for
formation of hail.

Fig.6(a)

Fig.6(b)
Figs.6 (a & b). Analysis of vertical wind shear

4.
Summary and conclusions
The following salient features are revealed during
the study of the hailstorm over Cooch Behar on 4th
April 2010.
(i)

The hailstorm was in association with westerly
system and held at junction of the WBPT and
AV ahead of the dry line.

(ii)

Cyclonic circulation in lower tropospheric
levels over Bihar and adjoining SHWB and
strong moisture incursion from Bay of Bengal
were the primary synoptic situation in
association with the severe hailstorm.
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(iii)

The satellite picture with cloud top
temperature analysis revealed that the
thunderstorm cell was developed around
Bhutan and adjoining SHWB and Sikkim at
1100 UTC and gradually intensify and moved
in west north-northwesterly direction and
affect Cooch Behar severely along its way.

(iv)

Under favourable synoptic situation, strong
vertical wind shear between surface and 500 hPa
level aids to formation of the severe hailstorm.

(v)

Lower freezing level along with moderate/high
CAPE value would be prior indicator about

supercell thunderstorm environment and storm
structures, Weather and For., 9, 327 - 347.

impending severe thunderstorm associated
with hail over Cooch Behar and its suburbs.

Moncrieff, M.W. and Millar, M.J., 1976, The dynamics
and simulation of tropical cumulonimbus and squall
lines, Quart. J.Roy, Meteor. Soc., 102, 373-394.
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Online monitoring of Indian
observations and their impact
on NWP system

ABSTRACT
An online real-time observation monitoring system has been developed recently and implemented at NCMRWF
with special emphasis on the monitoring of Indian observations. This system generates information about the
availability of various types of observations received at NCMRWF and their subsequent utilisation in global
data assimilation system (GDAS). It also generates information regarding the rejection/acceptance of
observations by GDAS, which in turn indicates the quality of observations. India Meteorological Department
(IMD) recently introduced GPS-sonde at 10 stations out of its 40 upper-air radiosonde stations. It is noticed
the rejection of observations by GDAS for these 10 stations have been reduced drastically. Numerical experiments
carried out withholding these upper-air observations have shown deterioration in the quality of prediction
compared to that of operational run which utilizes these observations regularly.
Key words: Observation monitoring, GPS-sonde, Upper-air observations, Observation quality, Impact of
observations.

1.

world as many of these observations are rejected
by data assimilation systems. Plots showing the
rejection of temperature and zonal wind
observations at various levels of atmosphere by
NCMRWF GDAS for Indian RS/RW observations
(for 0000 and 1200 UTC) are also generated.
Similar plots depicting the rejection of zonal winds
for Indian pilot balloon observations are also
generated for 0600 and 1800 UTC.

Introduction

NCMRWF is generating medium range weather
forecast in real time using global Numerical Weather
Prediction (NWP) models since last two decades. It
is well known that the quality of NWP outputs largely
depends on the quality of initial condition. Hence data
assimilation and associated observation monitoring
is one of most important activity of any operational
NWP centre. The observing process is the most
important and expensive component of the
forecasting system. IMD is deploying various new
observation platforms/techniques under its
modernisation plan. It is expected that all these
observations will help to improve the quality of
weather prediction over Indian region.

NCMRWF's Global Data Assimilation-Forecast
System (GDAFS) is described in section 2.
Monitoring of the quantity and coverage of various
types of observations received at NCMRWF, in
general, is described in section 3. Quality of Indian
upper-air sonde observations is discussed in
section 4. Numerical experiments carried out
withholding upper-air observation from 10 Indian
GPS-sonde stations and their impacts on analysesforecast system are presented in section 5.

An online real-time observation monitoring
system have recently been developed and
implemented at NCMRWF with special emphasis
on the monitoring of Indian observations. It runs
four times a day viz. (0000, 0600, 1200 and 1800
UTC) along GDAS cycles. It generates the data
coverage plots for various types of observations
assimilated in GDAS. It also generates the time
series plots for the availability of different types of
observations for last 45 days.

2.

Global Data Assimilation-Forecast
system (GDAFS)

NCMRWF's GDAFS is six-hourly intermittent
assimilation system, which runs four times a day
(viz. 0000, 0600, 1200 and 1800 UTC), at T254L64
resolution, an adapted version of NCEP's Global
Forecasting System (GFS) (Kalnay et al.1990). It
comprises of (i) Data-preprocessing and Quality

Quality of Indian RS/RW observations is always
doubted by various leading NWP centers of the
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control, (ii) Grid point Statistical Interpolation (GSI)
- a three dimensional variational analysis scheme
and (iii) a state of art NWP model (Rajagopal et al.,
2007). Short range predictions (up to 9 hours) from
NWP model are used as first guess or background
field for next assimilation cycle. It assimilates
various types of in-situ as well as satellite
observations received through Global
Telecommunication System (GTS) at Regional
Telecommunication Hub (RTH), IMD, New Delhi
and downloaded through internet (ftp) mainly from
NESDIS, USA. Observations taken/falling within ±3
hours of the assimilation cycle are assimilated in
that particular cycle. Depending upon the long time
statistics of data availability at NCMRWF, the data
cut-off time for each assimilation cycle has currently
been set up as 4½ hours. So the assimilation cycle
runs of 0000 UTC for a particular day starts at 0430
UTC (i.e. 1000 hrs IST) of the same day and utilizes
various types of observations taken during 2100
UTC of previous day to 0300 UTC of that day.
Observation monitoring module also runs along with
each data assimilation cycles and generates a
monitoring report comprising of various plots
discussed in the next sections and the same is
made available at NCMRWF ftp site (ftp://
ftp.ncmrwf.gov.in/pub/outgoing/obs_mon/).

3.

It is seen from the plot that apart from Africa and
Afghanistan, in other parts of globe the coverage
of surface observations is fairly dense. It is also
noticed that the density of METAR observations are
quite high in North America, Europe and Japan
compared to the other parts of world.
Similar type of global coverage plots for (i) upper
air sonde-observations, comprising of TEMP
(upper-air temperature and wind profiles ) from land,
ship and mobile stations, Dropsonde observations,
Pilot Balloon observations and wind profiler
observations, (ii) Aircraft observations comprising
of manual/automated aircraft reports (temperature,
wind etc.) in the form of AIREP, AMDAR and
ACARS reports, (iii) Atmospheric motion vectors
(AMV) (satellite derived upper level wind
observations) from geostationary satellites (viz.
GEOS, METEOSAT and GMS ), (iv) satellite
radiances from polar orbiting satellite NOAA and
METOP are generated routinely four times a day
corresponding to each assimilation cycles.
Data coverage plots for Indian SYNOP and
Automatic Weather Stations (AWS) are also being
generated separately. Fig.2 depicts the coverage
of Indian AWS pressure observations received for
0000 UTC data assimilation cycle of 16th April 2010.

Observation coverage

In this section the quantity and coverage of various
types of observations received within the data-cut
off limit of each assimilation cycle have been
discussed. In situ surface observations assimilated
in GDAS comprises of (i) Land SYNOP, (ii) SYNOP
-MOBILE, (iii) SHIP, (iv) BUOY and (v) METAR
observations. Fig.1 depicts the global coverage of
these surface observations for a typical day, 0000
UTC 16th April 2010.

Fig.2. Coverage of Indian AWS Observations
(pressure) received at NCMRWF on 16th
April, 2010, 0000 UTC

Fig.1. Global coverage of Surface Observations
received at NCMRWF on 0000 UTC 16th
April, 2010
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Observation frequency of Indian AWS is generally
one hour. So, it is expected that a particular station
reports six observations within 6-hour data
assimilation window. Hence, it can be concluded
that, on that particular assimilation cycle, ~ 260
Indian AWS reported pressure observations. Similar
plots for Indian RS/RW, Pilot Balloon and Buoys
(floating/moored) over Indian Seas and adjoining
ocean are also generated regularly. These data
coverage plots are very helpful in monitoring the
reception of observations, and provide very precise
information about the non availability of particular
type of observations from certain station/part of the
globe or from particular satellite.

the abrupt fall for some days due to technical
problem), along with the count received on that
particular assimilation cycle (45th day same
assimilation cycle) are also shown against each
types of observations. The percentage departures
of the amount of observation received, computed
against 45 days mean count also are shown in the
plot against each type of observations.

The quantity of a particular types of
observations received at any operational NWP
centre within the data cut-off time always shows
some day-to-day variations due to various technical
as well as practical issues (e.g. data transfer band
width availability, instrument/ sensor condition etc.).
These variations are comparatively less in case of
in-situ surface and upper-air observations
compared to that of aircraft and satellite
observations. Time series plots depicting these
types of variations for different types of global as
well as Indian observations for last 45 days are
generated for each assimilation cycle. Fig.3 shows
the variation in the reception of different types of
global observations for 0000 UTC assimilation cycle
of 17th March-30th April 2010. As seen from the
plot, in general the day-to-day variation in the
reception of in-situ observations (e.g. SYNOP,
SHIP, BUOY, RS/RW and PILOT) are
comparatively less than that for Aircraft and Satellite
wind (AMV) observations. Increase in the reception
of ship and aircraft observations noticed in the plot,
since 26th March 2010 is associated with
implementation of data reception at NCMRWF from
RTH data set, generated through new higher
capacity AMSS (Automated Message Switching
System) at RTH, New Delhi under IMD's
modernisation plan. Sudden sharp fall in the
reception noticed on 14th and 21st April for each
and every types of observation is due to some
technical problem at NCMRWF.

Fig.3. Daily variation in the amount of
various types of observations received at
NCMRWF for 0000UTC assimilation cycle
of 17th March- 30th April, 2010
The time series plots are also generated for
Indian observations separately which are not shown
here for brevity.

4.

Quality of Indian upper-air observations

Indian upper-air stations are being monitored with
special emphasis. Fig.4 shows a plot for Indian
RS/RW stations received at NCMRWF for
0000UTC 16th April 2010. Observations reported
for the highest atmospheric level (hPa) by each
station are also shown in the plot.

The average count of the observation received
for last 45 days same assimilation cycle (excluding
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observation at Trivandrum for different
atmospheric levels computed against NCMRWF
T254L64 generated first guess field for February,
March and April 2009 are shown in Fig.5.

Fig.4. Coverage of Indian RS/RW observations
received at NCMRWF on 16th April, 2010,
0000 UTC
Crosses on the plot denote the non-availability
of the observation on that day. This type of plot
generated during 0000 and 1200 UTC cycle for
Indian RS/RW observations and during 0600 and
1800 UTC cycle for Indian Pilot Balloon
observation.

Fig.5. Root mean square error of temperature observation computed against first guess for
different atmospheric levels at Trivandrum
averaged for 0000 UTC February, March
and April 2009

Quality of Indian RS/RW observations is
always doubted by various leading NWP centres
of the world as many of these observations are
rejected by data assimilation systems. One of the
known problems of Indian RS/RW temperature
observation is its random large fluctuations on
daily scale (Das Gupta et al. 2005). IMD have
introduced GPS-sonde (MODEM) in place of
Indian make RS, at ten stations, namely
Trivandrum, Port Blair, Minicoy, Chennai,
Mohanbari, Patna, Hyderabad, Visakapattanam,
Srinagar and Goa till May 2010. First GPS-sonde
was introduced at Trivandrum on 9th March 2009.
Root mean square errors (RMSE) of temperature

RMSE of temperature at Trivandrum for March
and April 2009 are seen to be less than that of
February 2009 for almost all levels. Plots of the
vertical profile of observed temperature at
standard pressure levels and that of the first
guess are generated for 0000 and 1200 UTC for
all Indian TEMP (RS/RW) stations received for
that assimilation cycles. One sample plot for the
same is shown in Fig.6. Red crosses on the plot
denote the rejection of observations by quality
control procedure within the assimilation cycle. It
has been noticed that the rejections of
temperature observations reduced drastically for
these 10 new GPS-sonde stations.
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25th April 2010. Thus generated analyses and
predictions were compared with operationally
generated (OPER) analyses and predictions (which
assimilates mass observations from these 10
stations along with other observations described in
section 2). Fig.7 shows the geographical locations
of these 10 newly upgraded Indian GPS sonde
stations.

Fig.6. Observed and first guess temperature
profiles for different Indian RS/RW stations
for 0000 UTC 16th April 2010
Fig.7. Geographical Positions of IMD's GPSSonde stations

Plots for zonal wind observations for Indian RS/RW
stations are generated on 0000 and 1200 UTC and
for Indian Pilot Balloon station on 0600 and 1800
UTC assimilation cycle. Rejections of zonal wind
are comparatively less, though few of them are seen
to be rejected on some days, in the higher levels
(near jet stream region).

5.

Period of experiments is pre-monsoon season
associated with occurrence of thunderstorms
(Norwesters) over the eastern part of India. During
this period rainfall was seen almost every day over
the north-eastern states of India, under the influence
of the passage of high level westerly trough. It is
well known that, in numerical experiments with extra
(targeted) observations, the impact of observations
is seen most over the downstream region. So it is
expected that the observations at Patna will have
impact on prediction over Gangetic West Bengal
and north-eastern states of India. Fig.8 depicts the
analyses at 500 hPa level on 0000 UTC, 21st April
2010, both for OPER and EXP (with out Indian GPS
sonde). Fig.9 depicts the same for 72 hour

Impact of Indian GPS-sonde
observations

Numerical experiments were carried out to assess
the impact of these 10 newly up-graded Indian
upper-air sonde observations on NCMRWF
T254L64 GDAFS. GDAFS was rerun withholding
only mass observations (i.e. temperature/
geopotential height and humidity) for these 10
stations for a short period of 10 days from 15th to
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One can notice the difference between two
analyses over Bihar and adjoining West Bengal
region, especially in geopotential field. Westerly
trough over West Bengal is analysed more intense
in OPER compared to EXP. However, in 72 hour
prediction based on 0000 UTC of 21st April, valid
for 24th April, very feeble trough is seen over
Gangetic West Bengal in OPER, whereas is EXP
the same is seen over central India, near MP and
adjoining region. Fig.10 depicts the observed rainfall
(IMD) for 25th April 2010 along with predicted (96
hour in advance) rainfall valid for 25th April 2010
based on initial condition of 0000 UTC, 21st April
2010 for OPER and EXP.

prediction based on initial condition of 0000 UTC
21st April 2010, valid for 0000 UTC 24th April 2010.

As seen from the plot, apart from north eastern
states, Gangetic West Bengal, Kerala and
Karnataka and north-west part of India received
rainfall on 24th -25th April. On that day, Kolkata
received less than 1cm of rainfall, though in both
the runs there were some rain predicted over
Gangetic West Bengal, but in OPER prediction
was over Kolkata and adjoining region, whereas
in EXP prediction was west of Kolkata. No rain
was seen over Andhra coast in observation,
though both runs rain was predicted over Andhra,
but the rainfall amount in OPER over this region
is less than that in EXP. Similarly the rainfall
predicted over Kerala and Karnataka also
matches better with observed rainfall for OPER
than EXP.

Fig.8. Wind and geopotential height analyses at
500 hPa level for OPER and EXP on 0000
UTC 21st April 2010

(a)

Fig.9. 72-hr prediction of wind and geopotential
height at 500 hPa level for OPER and EXP
based on 0000 UTC 21st April 2010, valid
for 24th April 2010
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(b)

(c)

Fig.10. (a) Observed 24-hrly accumulated rainfall valid for 0300 UTC 25 April 2010 Day-4 prediction of
24-hrly accumulated rainfall valid for 0000 UTC 25 April 2010, based on initial condition of 0000
UTC 21 April 2010 for (b) OPER and (c) EXP
shown slight improvement in medium range
prediction of rainfall over Indian region.

Root mean square errors of zonal wind(u)
analyses for OPER, computed against RS/RW and
pilot balloon observations over Indian region,
averaged for 0000 UTC 15th to 25th April 2010,
are in general slightly less than that of EXP,
specially in upper levels (above 500hPa).
However, the forecast RMSE of zonal wind against
observations over Indian region at different levels
have shown mixed results.

6.
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Weather variability and summer
rice yield in wet monsoon
environment of upper
Brahmaputra valley
ABSTRACT

Weather variability is increasingly considered an important factor to determine the summer rice crop yield.
Constructing weather indexes for calculation of potential productivity for rice crop, the variability of potential
productivity of summer rice crop and weather variability were analysed to compare it with the trends of
existing crop yield taking into account the monthly weather statistics for a period of 52 years (1952-2003). It
is found that potential productivity is more determined by growth factor and temperature efficiency of the
reproductive phase of green biomass growth of rice crop. Excessive seasonal rainfall limits the potential
productivity as well as crop yield because of floods and over land flow which damage the green biomass of
summer rice crop in the Upper Brahmaputra valley. On account of highly variable weather parameters over
time, the realization factor of potential productivity becomes weak. However, less-variable weather conditions
at the time of ripening of the crop contribute towards grain size and its hardness. Hence, it increases yield of
summer rice crop in the Upper Brahmaputra valley.
Key words: Crop yield, growth rate, potential productivity, summer rice yield, temperature efficiency, weather
variability.

1.

(Subash et al. 2004). In order to develop an
integrated crop yield modeling for simulating the
effects of both sets of parameters, physiological as
well as technological factors of production, an
integrated crop yield model that followed the 'law of
diminishing return' was developed by Singh (2000);
some of the parameters of which are dependent on
biophysical properties of land and fertilizer use
efficiency for the assessment of crop yield (Singh et al.
2006). In this modeling, agro-meteorological
parameters were considered as most variable that
influence implicitly the crop yield (Fig.1).

Introduction

There is a significant shift in the understanding of
crop production systems (plant- soil- environmental
relationship) from ecologically based simulation
studies on the phenological and physiological
dimensions of crop growth (Baker et al. 1972, Reddy
et al. 1985, Richie 1986, Aggarwal et al. 1994, Zhang
and Dawes 1998, Kang et al. 2002, Kang et al. 2003)
to technologically dependent crop yield assessment
using the effects of High Yielding Varieties (HYVS)
of seeds and irrigation crop parameters (Aigner
et al. 1977, Subash et al. 2004). The explanation of
physical processes such as photosynthesis,
respiration, transpiration and carbohydrates
assimilation were considered in crop yield modeling
especially in the last part of 20th Century when DeWit
and his associates simulated the effects of
carbohydrates for plant growth (DeWit et al. 1969).
The crop growth modeling for different crops were
realized and the attempts were made to develop
different models for different crops such as solar
radiation based model (Reddy et al.1985),
photothermal quotient model for wheat crop
(Aggarwal et al. 1994), DeciBle software for wheat
crop management (Chatelin et al. 2005) and so on.
On the other hand, economists also developed
different production functions such as classical CobbDauglas production function and later on multiple
error term of agricultural production distribution

The Commission for agro-meteorological
services for improvement in agricultural production,
constituted in 2004 under Agro-meteorological
Programme of World Meteorological Organisation
(WMO), recently implemented programme for agrometeorological measurements and operational
agro-meteorological strategies for development of
suitable crop models in response to needs of
farmers (Commission for Agricultural Meteorology6
2006). However, it was also realized that agrometeorological parameters and its related modulus/
indexes are essential parts to incorporate in the crop
yield modeling whether they are ecologically based
or meteorologically dependent models. Biophysical
(soil and water) potentials of crop growth and
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is true representatives of the rice dominated cropping
pattern of Upper Brahmaputra Valley. This area is
surrounded by Eastern Himalayan arc in its North
and Eastern sides including Patkai and Naga hills.
Being topographic effects on climate, it falls under
wet monsoonal zone of high precipitation range of
2,000 to 3,500 mm annually with an average annual
rainfall of 2,600 mm. The area receives more than
80.0 percent share of annual rainfall during summer
monsoon season (June- September) with fairly high
rate of PET and soil moisture availability (Table 1).
The study area comprises of newly formed alluvial
soil of flood plains and old alluvial of built up plains
of Upper Brahmaputra Valley. Being wet summers
and fertile alluvial soils, the summer rice is dominant
in its cropping pattern. Physical characteristics of new
alluvial soils of this area show a gentle soil slope
with very poor drainage and slight erosion (that
causes severe to moderate flooding). Soil texture is
silt- clay as silt (0.02- 0.20 particle size) dominates
its texture (40.0- 60.0 %). The fine sand contents in
the soils texture are found moderate (25.2- 30.5 %).
As a result, field capacity moisture reaches up to
90.0 percent during summer paddy growing season
(Gangopadhyay et al. 1998, NBSS&LUP 1999).

Source: Singh(2005)
Fig.1. Attributes related to crop growth
carrying capacity of land are controlled by these
parameters. In order to implement operational agrometeorological strategies and providing agrometeorological services to the farmers for a specific
land environment, the agro-meteorological
processes and its associated indexes are helpful
in understanding the effect of weather variability on
crop yield modeling. In spite of availability of high
resolution spatial agro-spectral data and
development of medium range weather forecasting
network for farmers in India, there are still cases of
crop failure and low crop yield. It reflects failure of
crop growth management. There is still deficiency
in the literature of inclusion of agro-meteorological
parameters in crop modeling. The present research
thus focuses attention (i) to construct indexes of
weather parameters for crop environmental stress
management (ii) to assess weather productivity for
optimal crop growth for summer rice yield and (ii)
to analyse the realization factor of rice yield in
context with the weather variability in wet monsoon
land environment of Dibrugarh plains located in the
Upper part of Brahmaputra valley, Assam.

2.

Dibrugarh plain has different alluvial soils with
high nitrogen contents varying from 450-530 kg/
ha in low-lying flood plains of new alluvial soil to
520-730 kg/ha in built up areas of old alluvial, and
moderate potash contents ranging from 515-700
kg/ha in flood areas to 582-734 kg/ha in built up
soils of summer rice growing areas. Soils are
slightly acidic in reaction (pH= 5.25 to 5.63) with
good to excellent productive soils of built up areas
(Singh et al. 2006). However, soil nutrients are
enough to feed the growth of green biomass of
summer rice crop. In such conditions of
biophysical environment of Dibrugarh plains, the
irrigation does not need to grow summer rice
because of sufficient available water in the soils
(W=0.90). Locally developed HYV seeds such as
IR-8 and Manohar Sali which are resistant to high
amount of rainfall are also confined in limited
areas, while use of chemical fertilizers is
negligible in this region (0.05kg/ha). Such
attributes of modern technology do not have many
effects on summer rice yield. As a result, the
seasonal variation of biomass assimilation and
variability of crop yield are largely dependent on

Description of the Study Area

Dibrugarh plain, which is located around 27°28'
N latitudes and 94°55' E longitudes at 106 m a.s.l.,
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the variability of conditions of agro-meteorological
parameters.

3.

collected from the Office of Directorate of Economics
and Statistics, Government of Assam, Guwahati to
study the realization factors of summer rice yield.

Materials and Methods

3.1. Construction of Weather Productivity
Index
Production and productivity of summer rice in
terms of its yield (kg/ha), grain weight (mg/
100grains) and number of grains per m 2 vary in
response to agro-meteorological parameters that
accelerate the processes of plant growth such
as crop transpiration, photosynthesis and
photothermal (Mall and Singh 2000). These
processes are inter-related and inter-dependent
on main weather elements, namely, temperature,
precipitation and solar radiation. For example,
high temperature causes more respiration rate
resulting in low net photosynthesis and dry
biomass for the crop. Similarly, the rate of

In order to analyze weather variability, monthly
rainfall and temperature data of Dibrugarh station
for monsoon summer rice season (June - November)
for 52 years (1952- 2003) have been collected from
Regional Office, Indian Meteorological Department,
Guwahati and Indian Meteorological Department,
Pune. The soil characteristics are analyzed taking
in to account 13 soils attributes (Table 2). The
concerned soil statistics were collected from various
publications of National Bureau of Soil Survey and
Land Use planning (NBSS&LUP), Nagpur. The
weightage scheme to construct the soil productivity
index for the summer rice crop is adopted as given
by Singh (2005). On the other hand, summer rice
yield statistics of the years under consideration were

TABLE 1
Agro-meteorological parameters for summer rice crop
at Dibrugarh station, Upper Brahmaputra Valley (2003)
Months

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

T (0C)

18.9

19

20.8

23.6

25.5

24.3

24.8

28.4

27.9

25.4

21.8

18.2

Annual Seasonal
Total/
Total/
Avg
Avg*

HI (Unitless)

7.5

7.5

8.7

10.5

11.8

11

11.3

13.9

13.5

11.7

9.3

7.1

UnadjPET(mm)

1.7

1.7

2.3

3.2

4

3.5

3.8

5.1

4.9

4

2.6

1.6

123.65

PET (mm)

47

45

71

103

139

121

131

173

150

119

70

43

P (mm)

12

0

53

165

221

304

749

513

218

233

1

2

2471

P-PET (mm)

-35

-45

-18

62

82

183

618

340

68

114

-69

-41

-208.27

AccWL (mm)

-145

-190

-208

-146

-64

0

0

0

0

0

-69

-110

ST (mm)

139

116

108

139

192

250

250

250

250

250

188

160

ΔST(mm)

-21

-23

-8

31

53

58

0

0

0

0

-62

-28

ET (mm)

33

23

61

103

139

121

131

173

150

119

63

30

G I (unitless)

0.7

0.51

0.86

1

1

1

1

1

1

1

0.9

WAI (unitless)

0.62

0.52

0.49

0.62

0.86

1.12

1.12

1.12

1.12

1.12

TEI (unitless)

0.47

0.48

0.59

0.78

0.91

0.83

0.86

1.13

1.09

0.9

%

70.63 57.12

2018

191

239.67

0.69

0.889

0.983

0.84

0.72

0.858

1.077

0.66

0.43

0.761

0.911

81.67

N.B.: * Seasonal totals account for the months of summer rice crop season (June- November).
1.

Thornthwaite -Mather (T-M) procedure of water budget balance equation is adopted for calculation of agro-meteorological parameters. It is
given in the form of flow chart in the next section of this discussion (see Fig.-2).

2.

Water balance budget follows the equation P= PET + ΔST + RO. It is prepared by considering water holding capacity of root zone soil as 250
mm/m (NBSS&LUP 1999).

Abbreviations: T= Temperature (°C), HI= Heat Index (unit less), UnadjPET= unadjusted potential evapotranspiration, PET= Potential
evapotranspiration, P= Precipitation, AccLoss= Accumulated Loss of water, ST= Soil moisture storage, ΔST= Change in soil moisture loss,
ET=Evapotranspiration, RO= Runoff (surplus water), GI= growth index, WAI= water availability index and TEI= temperature efficiency index.
Data Source: Indian Meteorological Department, Pune.
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and Mather 1957, Singh et al. 2009). In order to
use the T-M procedure, an algorithm was
prepared in Q-BASIC which was executed in an
IBM Pentium PC, using Window XP platform in
the Computer Centre, North Eastern Hill
University, Shillong for the calculation of agrometeorological parameters for the present
analysis (Appendix-I).

transpiratory consumption (measured by
transpiration coefficient, K) that is an indicative
of environmental stress for fully established crop
growth under high evaporative condition of
potential evapotranstiration (PET) is concerned
with two conditions of crop environment. First,
the evaporative depletion that is 20.0 percent of
PET as recorded by Hanks et al. (1969). As a
result, (P-0.20 PET) moisture is available for soil
moisture recharge and remaining 0.80 PET is
counted maximum possible (or potential)
transpiration. Secondly, the soil moisture storage
under the condition of soil root zone (Das 2000
and 2001). It is observed 40 cm for summer rice
crop for the case of Upper Brahmaputra valley.
Calculation of the monthly figures of PET, ET,
soil moisture storage (ST) for the each and every
year under consideration are perused by using
T-M procedure as given in Fig.2 (Thornthwaite

In order to simulate the effects of these weather
parameters on summer rice yield, the indexes
pertaining to soil productivity, crop growth, water
availability, photosynthetic efficiency and thermal
efficiency which are largely dependent on weather
conditions and crop environment have been
constructed into following manner.
3.1.1. Soil Productivity Index (SPI)
Assigning soil suitability weights on the basis of 13
soil attributes as per their importance and
contribution to soil potentials for crop growth
suitability, a composite index for the Dibrugarh plain
is calculated 0.982, that is close to unity, means it
has ideal conditions for summer rice crop growth
(Singh 2005, Singh et al. 2007, Table 2). It is
pertinent to note that this index is constructed with
consideration of standard soil data and it does not
have much variability over time. However, the
weights of surface form and pH value of soil were
shown lower than their respective ideal weights
(Fig.3).
3.1.2. Crop Growth Index
The index is based on the process of green biomass
assimilation and its total weight which varies during
different phonological stages because of evaporative
demand for plant growth. The seasonal variability of
green biomass assimilation was assessed in
varieties of ways. Normalized Differentiated
Vegetative Index (NDVI) and Leaf Area Index (LAI)
were adopted for two-dates remotely sensed data
around the time of maximum bio mass growth
(Manjunath and Potdar 2004, Shresthra and
Naikaset 2003, Kiniry et al. 2004) and for different
time units multi spectral data (Upadhyay et al. 2008).
However, crop growth was also assessed in terms
of its growth factors. Evaporative demand and supply
budget of the area where a crop is grown, is a suitable
measure for the crop growth. Kang et al. (2002 and
2003) and McCall and Bishop-Hurley (2003) referred

Fig.2. Flow chart for calculation of the monthly
values of agro-meteorological parameters
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Fig.3. Comparison of Weights of soil productivity parameters with their ideal weights required for summer rice crop growth.
1= Surface form, 2= Parent material, 3= Soil Depth Class, 4= Soil Temperature Class, 5= pH Value, 6= Ground
Water Depth, 7= Surface Stoniness, 8= Slope Class, 9= Erosion Class, 10= Flooding, 11= Particle Size Class, 12=
Soil Fertility, and 13= Water Holding Capacity

TABLE 2
Soil productivity index (SPI) and its assigned weights of soil attributes
Soil Attributes

Dibrugarh

Ideal Weight for
summer rice growth

Surface form

0.80

0.95

Parent material

1.20

1.20

Soil Depth Class

1.50

1.50

Soil Temperature Class

1.15

1.15

pH Value

0.80

0.95

Ground Water Depth

0.80

1.00

Surface Stoniness

1.10

1.00

Slope Class

0.95

1.10

Erosion Class

1.00

1.10

Flooding

1.10

0.90

Particle Size Class

1.10

1.10

Soil Fertility

0.80

1.00

Water Holding Capacity

1.40

1.00

Total Weights (∑SCj)

13.70

13.95

Total Ideal Weight for Optimal
Rice Growth (∑SCj*)

13.95

13.95

SPI=(∑SCj/ ? SCj*)

0.982

1.00

N. B: 1.

The classification of soil attributes follows the criteria given by the National Bureau of Soil Survey and
Land Use Planning (NBSS & LUP), Nagpur.

2.

The weight of each soil parameter is assigned as per their importance and contribution to Soil Suitability
and Soil Potential for crop growth.

3.

Total ideal weights for summer rice growth have been calculated asking most suitable soil conditions
by the farmers at the time of field survey.

Source:

Singh (2005, Tables 2 through 6)
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3.1.4. Photosynthetic Efficiency Index
It is generally based on Leaf Area Index (LAI) and
process of ET for evaporative demand.
Photosynthetic efficiency during vegetative growth
is analysed by putting it into its two phases for its
measurements: (a) initial growth of plant which
starts after a few days of sowing with seedlings
(t0-td) and (b) the fast vegetative growth phase from
seedling time (td) to inflorescence emergence and
flowering of crop (tf). The duration of this phase
(td - tf) is longer in the process of photosynthesis to
reproduction. Smaller the duration of vegetative
growth phase (t0-tf) when flowering of crop becomes
over, greater is the efficiency of radiation used in
the process of photosynthesis to produce green
biomass (McCall and Bishop Hurly 2003, Singh et
al 2006). A ratio of total duration of crop season to
the duration of vegetative growth phase (t0-tf in
number of days) is photosynthetic efficiency. Its
index is made to consider its ideal value that is
(t0-tf)*. It is written as:

that the environmental stress and green biomass
assimilation are directly proportional to the ratio of
evapotranspiration with potential evapotranspiration
(ET/PET). Higher the ratio shows lesser the stress
on green biomass assimilation of crop and vice versa.
It reflects the influence of temperature, soil moisture
and evaporative demand on crop biomass (Singh et
al 2007). An optimal level of this ratio (ET/PET)* at
sowing period of summer rice crop in Dibrugarh may
provide ideal index of crop growth (GI) written as
GI= 1/m ∑{(ET/PET)/(ET/PET)*},… … … (1)
where m is number of time units (months in present
case) in the crop season of summer rice at its
simulated site (Fig.4).

FEI= {D/( t0-tf)}/{D/( t0-tf)*} = (t0-tf)*/( t0-tf)
…
…
(3)

Fig.4. Seasonal Variation of PET and ET at
Dibrugarh station for the year 2003

where (t 0-t f)* is ideal value of photosynthetic
efficiency that is considered 100 days for the
present case (Singh et al. 2006).

3.1.3. Water Availability Index
Retrieval of spatial soil moisture parameters through
polarimetric SIR-C SAR data is a new dimension
of the assessment of seasonal variation of
volumetric soil moisture of different soil types (Rao
et al. 2008a). Polarimetric SAR system provides
backscattering coefficients from soil surface in
response to change in soil moisture and roughness
and Polarimetric Phase Difference (PPD) for generation
of volumetric soil moisture data (Rao et al. 2008b).
However, proportion of soil moisture storage (ST)
at specific field capacity (FC) as W=(ST/FC) is a
suitable parameter for stress assessment of plant
environment. For example, summer rice crop needs
W= 0.90 ± 0.05 during its vegetative growth and
W= 0.70± 0.10 during repining stage (Singh et al.
2007). If minimum requirement for the optimal
growth of a particular crop is specified as W* which
also varies temporally in the crop season
(Doorenbos and Pruitt 1977), then the water
availability index (WAI) may be prepared in the
following manner:
WAI= 1/m ∑(W/W*), …

…

…

3.1.5. Thermal Efficiency Index
It is constructed by considering Thornthwate's Heat
Index (HI) depending upon 'base variable and
power constant' function of temperature
(Thornthwaite 1931, Thornthwaite and Mather
1957) written as
HI= (T0C/ 5)1.514 . …

…

…

(4)

There are three levels of HI, namely, the
minimum required temperature at the time of
germination of seed (Hb) as constant, the monthly
variable value of heat index (Hj) and the optimal HI
value for the crop growth during the vegetative
growth phase and reproductive phase of growth
(H*), which are to be considered for construction of
Thermal Efficiency Index (TEI). Such parameters
establish relationship for the index in the following
manner.
TEI= 1/m ∑(Hj- Hb)/(H*- Hb). …

(2)

(5)

The minimum of 10°C (i.e., Hb= 2.856) as base
temperature and a maximum of 33°C (H max =

where m is time unit for summer rice crop season.
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does not follow the trend of potential productivity
and their trends vary significantly (Fig.6a). The
most fluctuating period in the trend of potential yield
was observed in early half of the 1960s when after
every two years potential yield was calculated low.
A significant fluctuation of potential yield was also
recorded in the first half of the 1970s when it came
down to 970.48 kg/ha in 1972. It was found reduced
in early 2000s. However, temporal fluctuation in
existing yield was noticed smooth and the average
rice yield increases steady over time (Table-3,
Fig.6b).

17.4096) but should not exceed 42°C (Hhigest=
25.082) with average temperature ranging during
vegetative growth around 28°C (i.e., Hj= 13.5755)
are ideal conditions for summer rice crop in the
study area. However, ideal value of heat index (HI*)
also variable as per the requirement of biomass
growth (Fig.5).

(a)
Fig.5. Seasonal variation of heat index (HI) for the
year 2003
In addition, the composite index which shows
weather productivity index (WPI) is prepared to
multiply all these weather parameters. The
assessment of potential productivity (i.e., potential
yield, A in kg/ha) is calculated by multiplying it with
the genetic based maximum expected yield of
summer rice crop (m). It was assessed by Indian
Council of Agricultural Research (Mathur and Gupta
1985, Prasad et al. 1987) and may be written as
A= m*WPI.

4.

…

…

…

(b)

Fig. 6. (a) Scatterings of summer rice yield with
potential productivity and (b) their trends

(6)
Variability in potential yield is largely
dependent on three weather parameters, namely,
the growth factor (GI), the soil moisture availability
(WAI) and the temperature efficiency (TEI);
among them temperature efficiency is the least
variable over time (CV= 4.5%) while growth factor
has a significant variability (CV= 21.58%)
because of its fairly high fluctuation over time
(Table-3, Fig.7a). Trend of potential productivity
follows being closer to the trend of growth factor
(GI) rather than temperature efficiency index.
More so, the trend of growth factor is directly
influenced by the trend of rainfall received during
the summer rice season. And the trend of Soil
moisture availability also follows rainfall trend over
time in the Dibrugarh plain (Fig.7b). It is obvious
to note that the excessive rainfall conditions which
are prevalent in this area during summer rice
season limits the realization factor of summer rice
yield as growth factor has strong relationship with
it but it is negative (r= - 0.928).

Results and Discussion

4.1. Potential productivity for the summer rice
crop and its variability
There is a significant gap between potential yield and
existing yield as average potential yield of summer
rice crop for 52 years (1952-2003) was assessed
3255 kg/ha, while the average existing yield was
realized lesser than a- half of it (47.62%). Trend
variability for both the cases was recorded almost
similar around 23.0 percent (Table-3). However,
these yield parameters do not follow strong
relationship (r= 0.1353) and do not fall under the
ideal linear function as it is likely to happen (Y=X
where b= 1.0 and interception a= 0.0 of the
distribution). Regression coefficient b is recorded
very week as rate of increase in rice yield with
respect to its potential productivity is recorded very
low as 0.0529 kg/ha per kg/ha of potential
productivity). The origin of the regression in the
distribution is very high (a=1224.2 kg/ha rather
than a=0.0 in ideal case). It means that crop yield
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(a)
(b)
Fig.7. Temporal Variation in (a) the summer rice crop growth indexes and (b) the Seasonal totals (JuneNovember) of weather parameters namely precipitation(mm), soil moisture (mm) and Heat Index
(unitless total)
TABLE 3
Agro-meteorological parameters and yield realization rate
Year Seasonal
Precipitation
(mm)

Seasonal
Available
Soil
Moisture
(mm)

Weather
Potential
Productivity
Yield
Index
(kg/ha)
GI

WAI

Yield
(kg/ha)

Yield
Realisation
Rate (%)

TEI

1952

2093.1

248.33

0.999

1.116

0.962

1.046

3816.83

1223

32.04234

1953

2149.5

242.17

0.983

1.088

0.951

0.992

3619.60

1097

30.30723

1954

2259.0

242

0.985

1.088

0.916

0.957

3493.48

1364

39.04418

1955

2346.8

241.5

0.985

1.085

0.939

0.978

3571.32

1282

35.89707

1956

1502.7

247.5

0.999

1.112

0.953

1.032

3767.56

937

24.87018

1957

1662.1

247.17

0.95

1.111

0.939

0.966

3526.96

1352

38.33328

1958

2238.3

240.33

0.984

1.08

0.975

1.010

3687.41

1211

32.84152

1959

1639.6

244.67

0.991

1.1

0.951

1.011

3689.3

1074

29.11119

1960

2203.7

211.5

0.569

0.951

0.972

0.513

1871.79

1235

65.97971

1961

1665.4

249.5

0.998

1.121

0.954

1.041

3798.24

1141

30.04026

1962

1547.1

243.83

0.874

1.096

0.949

0.886

3235.09

1184

36.59873

1963

334.41

216.83

0.353

0.975

0.929

0.312

1137.87

1112

97.72648

1964

2053.1

240.83

0.984

1.082

0.903

0.937

3421.43

1232

36.00834

1965

2029.2

250

0.907

1.124

0.912

0.907

3308.77

1242

37.53666

1966

427.9

213.67

0.458

0.96

0.925

0.397

1447.36

1169

80.76786

1967

1403.0

245.33

0.903

1.103

0.934

0.907

3310.61

1064

32.13912

1968

1829.1

240

0.981

1.079

0.726

0.749

2734.79

1152

42.12384

1969

1667.1

243

0.932

1.092

0.958

0.951

3469.78

1319

38.01397

1970

1978.9

240.67

0.984

1.082

0.953

0.989

3610.88

1224

33.89758

1971

2147.8

250

1

1.124

0.932

1.021

3728.03

1135

30.44501

1972

323.21

207.33

0.308

0.932

0.95

0.266

970.483

1173

120.86770

1973

2128.3

243.67

0.945

1.095

0.978

0.987

3601.49

1225

34.01370

1974

2083.5

242

0.987

1.088

0.967

1.012

3695.47

1200

32.47216

1975

1717.1

242.67

0.988

1.091

0.964

1.013

3697.91

1162

31.42316

1976

291.61

218.83

0.349

0.984

0.944

0.316

1153.69

1200

104.0139

1977

2212.1

247

0.998

1.11

0.917

0.990

3615.10

1322

36.56883

1978

1560.2

250

0.928

1.124

0.97

0.986

3600.67

1368

37.99291
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TABLE 3 (Contd.)
1979

1813.1

228.5

0.986

1.027

0.98

0.968

3531.60

1335

37.80161

1980

1897.4

240.67

0.984

1.082

0.977

1.014

3701.81

1022

27.60810

1981

2114.7

240.83

0.951

1.082

0.989

0.992

3621.61

1399

38.62924

1982

237.01

231

0.695

1.038

0.952

0.67

2444.09

1476

60.39066

1983

2089.3

241

0.954

1.083

0.967

0.974

3555.50

1296

36.45056

1984

1676.5

242.33

0.985

1.089

0.945

0.988

3607.39

1254

34.76195

1985

1826.6

243.33

0.93

1.094

0.953

0.945

3450.57

1354

39.23991

1986

1805.3

245.17

0.993

1.102

0.943

1.006

3672.32

1247

33.95678

1987

327.51

208.83

0.354

0.939

0.957

0.310

1132.08

1254

110.7693

1988

2305.2

243.67

0.991

1.095

0.983

1.040

3796.11

1341

35.32564

1989

1933.2

245.83

0.994

1.105

0.961

1.029

3756.38

1461

38.89383

1990

1796.4

239.33

0.918

1.076

0.976

0.940

3430.85

1656

48.26786

1991

2311.1

242.83

0.989

1.091

0.968

1.018

3717.01

1564

42.07682

1992

1772

241.5

0.985

1.085

0.986

1.027

3750.08

1691

45.09239

1993

2413

240.17

0.94

1.079

0.965

0.954

3483.17

1960

56.27066

1994

1737

243

0.99

1.092

1.006

1.06

3870.38

1581

40.84873

1995

2057

242.5

0.909

1.09

0.989

0.955

3487.26

1646

47.20040

1996

1562

239.17

0.95

1.075

1.004

1.000

3648.91

1859

50.94671

1997

1532

247.5

0.876

1.112

0.973

0.924

3373.02

1839

54.52084

1998

2126

239.67

0.943

1.077

0.989

0.979

3574.55

1797

50.27209

1999

240.01

200.33

0.684

0.9

1.029

0.618

2254.3

1992

88.36451

2000

1764

246.67

0.905

1.109

0.986

0.965

3521.72

2219

63.00903

2001

1057

241.33

0.838

1.085

1.012

0.897

3274.55

2068

63.15370

2002

1426

246

0.888

1.106

1.028

0.984

3593.01

2003

55.74710

2003

2018

239.67

0.983

1.077

0.911

0.94

3432.3

1901

55.38562

Mean

1640.6

238.676

0.8834

1.073

0.957

0.892

3255.05 1396.423

47.61656

SD

641.39

11.8904

0.19067

0.053

0.043

0.215

784.421 306.8182

22.05429

CV(%)

39.095

4.98182

21.5838

4.979

4.5

24.1

24.0986 21.97172

46.31642

Abbreviations: SD= standard deviation, CV= coefficient of variation

4.2. Yield realisation factors of potential
productivity
The years of low potential productivity have higher
percentage of realization factor and vice versa. It
means that the potential productivity and its
determining factors are more responsible for
creation of variability in yield realization.
Increasing value of heat index increased
realization factor of potential productivity, while
soil moisture availability does not have significant
impact on it. It is needless to say that excessive
rainfall of this area increases of course the soil

moisture availability and evaporative demand in
atmosphere during the summer rice crop growth
(Singh 1999, Chaichana et al. 2006). But
maximum value of growth factor and soil moisture
availability limit the realization of crop yield (Fig.8).
For example, the realisation factor for potential
yield of summer rice crop was observed weak only
27.61 percent in 1980 when potential yield was
recorded very high as 3702 kg/ha with higher
value of its growth factor (0.983) as well as
temperature efficiency (0. 977). Contrary to it, the
highest percentage of realization factor even if
54

that contribute more towards grain size and crop yield
(Gorski and Spoz-Pac 1989, Gorski et al. 1994,
Gorski and Gorska 2003). During the sowing/planting
time of rice, the hyperthermic stable conditions of
weather prevail in the study area in which mean
temperature was recorded warm (25.45±0.80°C)
with moderately low value of its maximum-minimum
differences (7.78±1.04°C). So there are Monthly
mean temperature, that generally follows the trend
of maximum temperature in the month of sowing/
planting, is a determining factor of rice yield in this
area. From significant amounts of precipitation
received during occasional rainstorms in the month
of May with high degree of its variability (307.4±140.6
mm) as coefficient of variability was calculated 45.79
percent, it increases relative humidity in the
atmosphere upto a maximum of 93.5±2.5 % with its
daily difference of 4.2±1.9%. Such hyperthermic
weather at sowing time contributes in the initial
phenological phase of reproduction of green biomass
of rice plant (Table 4).

more than that of cent-percent (120.86%) was
recorded in 1972 when the index value of growth
factor was very low (0.308) because of weak
monsoon and low level of moisture availability in
the soils. It exponentially reduced the level of
potential productivity as it sliced down up to 970.5
kg/ha from an average of 3255 kg/ha in compare
with the existing crop yield as it was recorded
marginally lesser (1173 kg/ha) than the average
(1396 kg/ha). As a result, realisation of potential
productivity has of course strong relationship with
growth factor in this area but negative as r=-0.928.
The regression of realization factor subject to
weather productivity index shows a significant
decrease of 9.28 percent in realization of potential
productivity as one-tenth unit of weather
productivity index increases (see Cols 7 and 10
of Table-3). Thus, the excessive rainfall and high
value of growth factor does not contribute much
to summer rice crop yield. Moderate value of
growth factor between 0.60 and 0.85 is
considered ideal for realization of crop yield
potentials optimally in the Upper part of
Brahmaputra valley (Fig.8).

Harvest of summer rice is kept in the month of
November when weather becomes dry with its low
variability. Nights are cool (14.28±1.10°C) and days
become warm (26.90±0.98°C) with average
temperature of 20.60°C. Higher day- night difference
of temperature (12.65±1.31°C) with less amount of
occasional rainfall (26.45±29.88 mm) proves
sufficient moisture to set the grain size larger. The
clear and calm sky during day time provides to get
direct solar radiation in order to make rice grain
harder. Such less variable weather conditions
contribute more towards crop yield increase.

(a)

(b)

5.

Conclusions

Parametric description of potential productivity for
crop growth helped in understanding the
relationships of weather variability and its impact
on summer rice yield for the wet monsoon
environment of Upper Brahmaputra valley. There
is a general observation that realization factor of
potential productivity progresses as weather
variability is reduced with reduction in the degree
of growth factors including temperature efficiency.
High amount of seasonal rainfall does not help for
the increase in potential productivity and,
consequently, heavy rainfall decreases crop yield
of summer rice by creating floods and overland flow
conditions. Even the yield of winter rice crop has
been recorded sometimes much higher than the
summer rice yield in the years when excessive

(c)

Fig.8. Scatterings of summer rice crop yield realization factor with (a) available amount of
soil moisture, (b) total precipitation, and (c)
weather productivity index based on seasonal data
4.3. Weather variability at sowing and ripening
times
Weather variability at the sowing/planting and
reproductive (ripening) phase is equally important
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productivity. Realization rate is higher at lower
values of growth index when seasonal total
of rainfall amount becomes lower.

rainfall condition prevails. However, a few specific
observations are drawn from the present analysis.
(a)

(b)

Potential productivity of weather for summer
rice yield is much more dependent on growth
factors such as rate of potential
evapotranspiration and soil moisture
availability of the reproductive phase of the
growth of green biomass of rice plant. As a
result, variations in growth index and water
availability index influence directly the
variation of potential productivity. While the
temperature efficiency, though it is a
significant parameter of crop growth, does not
have much effect on it.
Weather variability has direct impact on
realization factor of potential productivity
because it (weather variability) is responsible
for creation of variability in crop yield which is
almost similar as variation in potential

(c)

The years of higher value of potential
productivity of weather have higher value of
existing yield in the Upper Brahmaputra valley,
a case of positive correlationship. However,
the regression rate of crop yield subject to
potential productivity is much lower than
expected. On account of excessive seasonal
rainfall, floods and fast flow of surface water
in the rice fields, realization factor of potential
productivity becomes weak in this area of wet
monsoon environment.

(d)

Calm weather conditions of ripening phase of
rice crop (when variability is very less even
insignificant) contribute more towards grain
size larger and its hardness and, consequently,
it increases rive yield in the study area.

TABLE 4
Weather Variability (Mean± Standard Deviation) at Sowing and
Ripening times of Summer Rice Crop
Weather Parameters

Sowing/Planting Period
(Month of May)

Ripening period
(Month of November)

Monthly Temperature (0C)
Maximum

29.33 ± 1.20 (4.12)

26.93 ± 0.98 (3.64)

Minimum

21.56 ± 1.06 (2.82)

14.28 ± 1.10 (7.73)

Mean

25.45 ± 0.80 (3.15)

20.60 ± 0.81 (3.96)

Mean Difference (Maxi-Mini)

7.76 ± 1.04 (13.41)

Monthly total Precipitation (mm)

307.18 ± 140.64 (45.82)

26.45 ± 29.88 (10.31)
26.45 ± 29.88 (113.01)

Mean Relative Humidity (%)
Morning (8:30 hrs)

89.32 ± 3.21 (3.32)

70.21 ± 2.26 (2.92)

Evening (17:30 hrs)

93.54 ± 2.50 (2.82)

78.10 ± 1.35 (1.52)

Daily Difference
Mean Soil Moisture Availability (mm)

4.20 ± 1.92 (49.37)
245.30 ± 29.31 (1.23)

8.20 ± 1.53 (18.30)
230.31 ± 25.40 (1.15)

Potential Yield (kg/ha)

-

3255.05 ± 784.42 (24.20)

Existing Yield (kg/ha)

-

1396.42 ± 306.81 (21.93)

N.B.: 1. Figures are based on 52 years weather statistics (1952-2003)
2. Figures in parentheses show coefficient of variation (in percent)
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1.

Create UNADJPET(136,47)
UNADJPET.TXT file.

table

2.

Create CORRFATC(2,12)
CORRFACT.TXT file.

3.

Create T250(141,11) table from TAB250.TXT file.

4.

Open input file DIBRU.OUT and output file
DIBRU.H.

5.

(a) Create heat index for 12 months as (temp/5)1.514

table

from
from

(b) Generate sum of heat index for 12 months and
6 months (June to November).
(c) Generate percentage of 6months value with
respect to 12 months value of heat index.

Singh, S., Sharma, B. and Dey, P. P. (2006),
Predicting summer rice yield based on biophysical
and technological parameters on Monsoon lands
of Brahmaputra valley. International Agricultural
Engineering Journal, 15(2-3): 91-107.

(d) The 12 heat indices, accumulated heat index
for 12 months and 6 months and percentage
heat index value are written to output file.

Singh, S., Starkel, L. and Syiemlieh, H. J. (2009),
Land Degradation and Ecorestoration in the
Extremely Wet Monsoon Environment of
Cherrapunji Area, India, Bookwell Publications,
Delhi (in press).
Singh, S., Syiemlieh, H. J. and Sharma, B. (2007),
Biophysical attributes influencing the summer rice
yield in Brahmaputra valley, Indian Journal of Soil
Conservation, 35(1): 30-35.
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6.

(a) Unadjusted Precipitation is generated by
comparing the temperature with the values
stored in table UADJPET(136,47) and locating
the corresponding value.

7.

(a) PET is generated by multiplying unadjusted
Precipitation generated in step (6) with
corresponding CORRFACT (correction factor)
which is then subtracted from precipitation
value to generate P.PET values for 12
corresponding months.

(b) Delta ST value for February to December is the
difference between ST values of the
calculating month and ST value of the previous
month.

(b) The 12 PET values are written to output file.
8.

(a) Precipitation of 12 months are added together
into TRF12.
(b) Precipitation for 6 months (june to Nov) are
added into TRF6.

(c) The 12 Delta ST values are written to output
file.

(c) Percentage of TRF6 w.r.t TRF12 is generated.

9.

10.

13.

(d) The 12 precipitations, TRF12, TRF6 and
percentage are written to output file.

(a) If rainfall (precipitation) is greater than or equal
to PET value then ET takes the PET value.

(a) Add all the negative P.PET value to generate
Sum P
(b) The 12 P.PET values are written to output file.

(b) If rainfall is less than PET value then ET is
taken as difference between rainfall and Delta
ST value.

Accumulate Wet Loss (ACCWL) Calculation:

(c) The 12 ET values are written to output file.
14.

(a) ACCWL for November is taken as P.PET for
November.

(b) Further 12 GI values are written to o/p file.
(c) The average GI value for 12 month and six
months (June to Nov) are generated and
written to output file.

(c) For the months of February to June the
ACCWL is taken as sum of ACCWL of previous
month and P.PET of the month.
15.

(d) The positive ACCWL values are changed to
zero.

Water Use Efficiency (WUE) Calculation :
(a) WUE is calculated by diving corresponding ST
values by (250 x 0.89).

(e) The 12 ACCWL values are written to output
file.

(b) The 12 WUE values are written to output file.

ST Value calculation:

16.

(a) All negative accWL values are stored into
corresponding ST locations.

Temperature Efficiency Index (TEI) Calculation :
(a) TEI is calculated as (heat index at step (5) 2.856) / 9.79.

(b) The ST values are then changed into
corresponding value from T250 (141,11).

(b) The 12 TEI values along with Average annual
TEI value and 6 months average TEI(June to
Nov) value are written to output file.

(a) Sum of 12 months ST values and 6 months
(June to Nov) are stored into TST12, TST6
respectively.

17.

Photosynthetic Efficiency Index (FEI) Calculation:
(a) For all the 12 months FEI is taken as 1.

(b) The 12 ST values, TST12 and TST6 are written
to output file.
12.

Growth Factor (GI) Calculation :
(a) GI is calculated as ratio of ET to PET value of
corresponding month.

(b) ACCWL for January is taken as sum of
ACCWL for November and P.PET for January.

11.

Evapotranspiration (ET) Calculation:

(b) The 12 FEIs along with 12 months average FEI
and 6 months average FEI are written to output
file.

Delta ST value calculation:
(a) Delta ST value for January if the difference
between ST value of January and December.

The steps 5 to 17 are repeated for the year 1953 to 2003
and output is generated.
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Precipitation and cloud radar
reflectivity at millimeter wave
based on Mie's scattering
formula
ABSTRACT

Fundamentals of Z-R relations are critically examined to find the variations in Z-R relations with latitude.
It is found that the change in Z-R relations does not follow any special trend.

1.

where Ni is the number of drops in a unit volume of
air with diameter Di and N(D) is the number of drops
having diameter between D and (D+dD). If there is
no vertical air motion then rate of rainfall is
expressed as,

Introduction

The advantage of using radar for precipitation
measurements is the coverage of a large area in
real time. In weather radar various information
are achieved by rotating an antenna with a
variable vertical angle by suitable calibration. The
radar antenna in practice emits a short pulse of
e.m. radiation in a particular direction. Very small
fraction of this energy is reflected back by targets
(here precipitating particles) to radar antenna.
The back-scattered average power received by
the radar is proportional to the reflectivity factor
Z. From knowledge of reflectivity and using
suitable empirical Z-R relation one can determine
the meteorological quantities like rainfall rate and
liquid water content. At higher millimeter wave the
drop size of cloud and precipitation particles are
very small, compared to the wavelength and then
Rayleigh's scattering is no longer valid. In this
case we consider the Mie scattering or optical
scattering [Arai et al. (2005)].

2.

Π∞
R= — ∫ N (D)D3 Vt (D)dD
0 6

where Vt (D) denotes the terminal velocity of the
drop whose diameter is D and can be expressed
as,
V = 1400D1/2

Z = aRb

A frequently used relationship for Z-R, is of the
form
Z=200 R1.6

(1)

One may derive the average power received by the
radar antenna [Sen and Bhattacharya 2009] as

where | K|2 is complex index of refraction.
Then the cloud radar reflectivity η can be expressed
as
η =( ∏5 ⎢Κ ⎢2 / λ4)∫ ν (D)dD
(2)

PtG2 hθ2 Π3
Pr= ———
—2 ⎢Κ ⎢2 Z
730r2
λ

∞

0

(7)

where Pt = peak transmitted power in the pulser,
G = antenna gain, h = pulse length in the space,
λ = wave length, θ = beam width between half
power points and r = range.

The radar reflectivity factor Z is obtained from,
∞

(6)

where a is known as pre-factor and b is known
as exponent.

The backscattering cross-section of a water drop
in Rayleigh region is written as (Sen and
Bhattacharya 2009)

Ni Di6 =∫ N (D)D6 dD
Z =Σ
i=1

(5)

We see from Eqs.(3) and (4) that it is the raindrop
size distribution N(D) that ties Z to R.Using
Marshall-Palmer exponential drop size
distribution in Eqs. (3) and (4) one may get a
relation between radar reflectivity and rainfall rate
of the form

Theoretical background and results

σ=∏5 D6 ⎢K ⎢2 / λ4

(4)

(3)
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The pre-factor 'a' and exponent 'b' can be
represented by functions of the rain drop size
distribution N(D). There are many parameterization
proposed regarding the drop size distribution as
gamma, lognormal form etc but the exponential
DSD introduced by Marshall-Palmer in 1948 is
widely used. If the diameter of the drop is greater
than 0.5mm at 94 GHz, then Rayleigh's scattering
is not valid, Mie scattering cross-section is required
to be calculated. In practical applications it is seen
that the radar reflectivity is due to all particle sizes,
both Rayleigh and Mie scattering and drop size
distribution.

In log form Eq (7) can be written as,
Z e=(dBZ)=Pr (dBm)–10 log Pt+20 log r+C

(8)

where,
Z e= effective or equivalent radar reflectivity
Z e=(dBZ)=10 log Ze (mm 6m–3)
and C = radar constant.
Eqs.(7) and (8) suggest that the mean power
received depends on C and Z (or Ze), C is the
radar constant which depends on radar properties
like pulse length, emitted power and radar hardware
while Z (or Ze) is the radar reflectivity which depends
on drop size distribution. As the mean power
received is dependent on radar properties and rain
drop size, we can predict the rain rate or rainfall
intensity using Z-R relations.

Because of different geographical situation we
cannot estimate the rainfall rate with the same Z-R
relation in different countries. Even if it is different
in different season at the same place [Tantanee
and Prakarnrat 2008]. We want to investigate the
variations in Z-R relations with latitude. This is
shown in Table 1.

But these Z-R relations are not unique and they
depend on types of precipitation, season and
latitude.

3.

Figure 1 shows the physical interpretation of the
coefficients of 'a' and 'b' in terms of rain rate and
radar reflectivity factor. In Fig.1 radar reflectivity is
plotted on the X-axis and rate of rainfall on the Yaxis. The 5 dotted lines are the deviating
relationships. Among them four have pre-factors
less than 100 and one has very high exponent ‘b’
(=2.87) [Battan1973; Salek et al. 2004].

Conclusion

We arranged the Z-R relations with increasing order
of latitude (Table 1). The table suggests that the
Z-R relations are changing with latitude but neither
pre-factor 'a' nor exponent 'b' follow any trend
variation. Estimation of rate of rainfall with Z-R
relation [Hunter 2009] has some limitations:
(i)Practically the size of the drop is difficult to know.
(ii)The vertical air motions are of the same order as

Fig.1. Physical interpretation of the coefficients of 'a' and 'b' in terms of rain rate and radar
reflectivity Factor (Battan, 1973; Uijlenhoet, 2001)
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TABLE 1
Variation of Z-R with Latitude

Weather Service, Weather Forecast office,
Morristown, TN.

the terminal velocity, particularly in the case of
thunderstorms. (iii)The error related to radar
hardware like calibration of radar, the shielding and
anaprop errors caused by beam propagation.

Salek, Milan, Cheze, Jean-Luc, Handwerker,
Jan, Delobbe, Laurent and Uijlenhoet, Remko
2004, "Radar Techniques for Identifying
Precipitation type and Estimating Quantity of
Precipitation" , Document of COST Action 717,
WG 1, 1-51.
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Study of heat wave over
Rajasthan during 1981-2001

ABSTRACT
An attempt has been made to study the spatial variation of maximum temperature over Rajasthan state during
pre-monsoon months from the data of daily maximum temperature of ten stations taken as a representation for
East and West Rajasthan for two consecutive decade i.e. 1981-91 and 1992-2001. The study revealed that two
heat wave prone region viz. one in the western part of the state near Jaisalmer and other in the Eastern part of
state with its center near Bharatpur formed during hot weather season. The maximum duration, number of
spells and severity of heat waves were found in these two zones only. A significant increase in the frequency,
persistency and spatial coverage of heat wave during decade 1992-2001 were also observed with span of time.
These changes may be the manifestation of local/regional impact such as deforestation, urbanization and global
warming / climate change.
Key words:- Heat wave, Spatial, Dust dune, Obscure, Terrestrial, Albedo

1.

this part cause fall in water level in major reservoirs
and also reduces the underground water table and
also loss of human lives. Further, this phenomenon
is likely to become more intense in view of global
warming scenario and needs proper investigation to
plan adaptation strategies.

Introduction

With the progressive northward movement of sun
during pre-monsoon months, the vast areas of land
in the Northern Indian sub-continent is heated up by
intense solar radiation from the sun. Depending upon
the nature of earth's surface, some parts become
relatively more warmer as compared to other areas.
May and June are excessively hot months during
which maximum temperature in the day rise to an
abnormally high value in the northern belt particularly
in Rajasthan state. In the event of delayed onset of
monsoon, abnormally high temperature continue
even up to the first week of July. Therefore, the
observations of maximum temperature and its
departure from the normal become significant during
these months as the day- to-day human activities
are affected. During April to June, the normal
maximum temperature of Rajasthan state is itself
very high as compared to the adjoining areas. Further
rise in maximum temperature from normal value
sometimes leads to heat wave situations. Due to long
exposure of extreme hot spells and continuance of
heat wave over a particular region leads to severe
thermal strains, disastrous consequences and also
casualties.

2.

Heat wave

In Annual Monsoon Review-2002, India
Meteorological Department has revised the criteria
for declaring of Heat wave as given in it's
'Forecasting Manual IV' and made it effective w.e.f
1st March, 2002. According to this:
(i)

Heat wave need not be considered till
maximum temperature of a station reaches
at least 40°C for plains and at least 30°C for
hilly regions.

(ii)

When the normal maximum temperature of a
station is less than or equal to 40°C:

(iii)

The phenomenon of heat wave is of great
concern to agriculturist, water management, irrigation
etc. particularly for Rajasthan state. Because of dry
climate and prolonged recurrence of heat wave over

•

Heat Wave Departure from normal : 5°C
to 6°C

•

Sever Heat Wave Departure from normal:
7°C or more.

When the normal maximum temperature of a
station is 40°C:
•
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Heat Wave Departure from normal is 4°C
to 5°C

•
(iv)

Sever Heat Wave Departure from normal
is 6°C or more

When actual maximum temperature remains
45°C or more irrespective of normal
maximum temperature, Heat Wave should
be declared.

Heat wave move in general from west to east
(i.e. migrate from one area to another) but their
movement is not so systematic. They develop
sometimes insitu over Thar Desert of Pakistan
and adjoining areas and move eastwards
affecting Rajasthan, Uttar Pradesh, Madhya
Pradesh, Vidarbha, Andhra Pradesh, Orissa,
Jharkhand, Bihar and some times in some parts
of West Bengal also. Thar desert region is the
most favourable for the development of heat
waves. Sometimes heat wave also develops insitu over parts of Rajasthan and move East wards
affecting the regions of west Madhya Pradesh and
West Uttar Pradesh and extends further up to
southern and eastern part of the country.

Lack of moistures, vegetation and inversion
up to a height of about 1.5 km a.s.l. result
subsidence over the region and the
subsidizing air gets warm due to
compression.

(iii)

Absence of triggering mechanism as well as
moist air streams over Rajasthan state.

(iv)

Suspended dust in air over parts of
Rajasthan leads to negative radiation
balance, thereby enhance the cooling of
earth's atmosphere during night due to high
albedo of sand.

In this paper, authors have presented the detailed
study and analysis of heat wave conditions in
Rajasthan. It's areas extent, severity and also the
most favourable regions of its development for
two decades (i.e.1981-1991 and 1992-2001) and
made a comparative analysis of heat waves.
Decadal study indicate warming tendency in the
later decade.

Rajasthan state is characterized by the
presence of loose sand and dust dunes. The
suspended dust particles in the atmosphere are
of the order of microns and at times completely
obscure the sun thus restricting the incoming short
wave radiation and allowing outgoing terrestrial
long wave radiation to go in space. Secondly,
deserts have high albedo. Both these factors result
in negative radiation balance between earth and
the atmosphere. Thus the area of Thar desert and
adjoining west Rajasthan acts as a sink. There is
sinking of air in general in the middle and upper
troposphere i.e. between 2 to 12 Km. The
descending air gets warm by compression.
Raghavan (1966) made a detailed climatological
study of severe heat waves in India.
Subbaramayya and Suryanaryana Rao (1976)
studied the occurrence of heat wave and cold wave
that prevailed over Indian sub continent. Desai et
al (l999) studied heat wave conditions and made
a comparative studies with different years.

3.

Data

The temperature data for 5 selected stations of West
Rajasthan viz. Churu, Ganganagar, Bikaner,
Jaisalmer and Barmer and 5 selected stations from
East Rajasthan viz. Bharatpur, Jaipur, Ajmer, Kota
and Udaipur have been used. The data from these
stations were tabulated and compiled from state daily
weather report (SDWR) and weekly weather report
(WWR) for Rajasthan available at Meteorological
center for the month of April, May, June and July for
the decade 1981-91 and 1992- 2001.

4.

Analysis of data and discussion

For the purpose of present study, the tabulation
and analysis of 10 selected stations of West and
East Rajasthan in the period 1981-91 and 19922001 have been carried out. Table 1(a) & 1(b)
indicates the severity of heat wave determined
from the departure of maximum temperature from
the normal value from that day. It may be
mentioned that although the departure from
normal is large in the month of April but it does
not necessarily represent the severity of heat
wave because the normal maximum temperature
for the month is below 40°C. However, in the
month of May and June the normal maximum
temperature over different stations in Rajasthan

The probable causes of generation and
severity of heat waves over Rajasthan during pre
monsoon months are detailed as under:
(i)

(ii)

Due to prevailing dry continental westerly
regime from Thar desert over Rajasthan and
adjoining areas.
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are more than 40°C. Further rise of maximum
temperature from normal by 6°C or more at a
place in Rajasthan will leads to heat wave as
sever heat wave. From the Table 1(a) &1(b), it is
observed that severe heat wave conditions were
mostly prevailed during period from 10th of May to
20th June.

northwest India including Rajasthan, the
occasions of sever heat wave spells were seen
to continue up to the first week of July. In the first
decade it was observed that there was no heat
wave condition for Kota and Udaipur division,
where as in the later decade heat waves are
noticed.

Tables 2(a) & 2(b) gives the maximum
persistency/duration (number of days) of heat
wave spells during decade 1981-91 and 19922001. Long duration of heat wave spells was
found more in the month of June as compared to
May in decade 1981-91. Whereas, in decade
1992-2001 heat wave spells were more in May
as compared to June but same found extended
up to mid of June. An unusually prolonged spell
of 19 days was observed in 1981 at Bharatpur
and a spell of 10 to 12 days duration was seen in
Barmer, Bikaner and Jaisalmer in the month of
June 1991. During decade 1992-2001 an
unusually prolonged spell of 17 to 18 days were
observed at Churn, Bikaner and Kota in 1998. In
the event of delayed onset of Monsoon over

Tables3(a) & 3(b) represent the total number
of heat wave spells in the data set. The total
number of heat waves were more in the month of
June in general as compared to May during
decade 1981-1991. On the other hand, the total
number of heat waves were more in the month of
May as compared to June during decade 19922001. Also heat wave occurrences were found to
be more in the eastern and western parts of state
comprising districts Bharatpur, Dholpur,
Ganganagar, Churn, Bikaner, Jaisalmer and
Barmer whereas slightly low occurrence were in
south and central parts covering Kota, Jaipur and
neighboring Ajmer sub-division. Probable reason
of existence of two severe heat wave prone zone
may be due to less vegetation & loose soil of

TABLE 1(a)
Maximum Intensity of Severe Heat Waves(1981-91)
(Maximum Temperature Departure)
April
Stations

May

June

Temp.
Dep. in
deg C

Date

Temp.
Dep. in
deg C

Date

Temp.
Dep. in
deg C

Date

Churu

9.2

26.4.1988

6.9

17.5.1986

7.2

17.6.1986

Ganganagar

7.0

22.4.1986

6.4

13.5,1988

6.8

19.6.1981

Bikaner

8.0

16.4.1987

6.0

15.5.1988

5.8

18.6.1981

Barmer

6.6

13.4.1981

5.5

8.5.1988

7.6

4.6.1991

Jaisalmer

6.5

19.4.1981

5.7

15.5.1989

8.2

4.6.1991

Ajmer

8.2

20.4.1981

7.4

12.5.1989

9.7

18.6.1986

Jaipur

5.6

23.4.1986

4.8

11.5.1988

5.1

3.6.1988

Bharatpur

7.2

23.4.1986

6.6

14.5.1988

6.9

19.6.1981

-

-

-

-

-

-

Kota AP
Dabok AP*

* Normal Temperature of Dabok is not available
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TABLE 1(b)
Maximum Intensity of Sever Heat Waves(1992-2001)
(Maximum Temperature Departure)
April
Stations

May

June

Temp.
Dep. in
deg C

Date

Temp.
Dep. in
deg C

Date

Temp.
Dep. in
deg C

Date

Churu

9.3

12.4.2000

8.0

6.5.2001

8.8

10.6.1993

Ganganagar

9.1

9.4.2001

8.5

6.5.2001

6.3

8.6.1994

Bikaner

7.0

2.4.1998

6.6

27.5.1998

6.3

18.6.1992

Banner

8.2

3.4.1998

8.8 .

9.5.1995

9.1

30.6.1995

Jaisalmer

8.2

9.4.1999

6.0

6.5.2001

8.1

20.6.1992

Ajmer

7.7

13.4.2000

5.4

28.5.1994

6.8

19.6.1992

Jaipur

7.2

10.4.1999

5.6

26.5.1998

7.6

8.6.1994

Bharatpur

5.3

30.4.1999

5.7

4.5.1999

4.6

12.6.1993

Kota AP

6.0

27.4.2000

5.6

27.5.1998

8.3

30.6.1995

Dabok AP

9.0

30.4.2001

8.2

31.5.1994

9.0

1.6.1995

TABLE 2(a)
Maximum duration of Heat Waves(1981-1992)
(No. of days)
April
Stations

Spell
duration

Chum

2

Ganganagar

May
Date

Spell
duration

1988

June
Date

Spell
duration

7

1988

1

6

Bikaner

1

Barmer

July
Date

Spell
duration

Date

5

1981

2

1991

1988

9

1991

3

1991

5

1984

10

1991

2

1991

1

6

1988

10

1991

-

-

Jaisalmer

1

5

1984

12

1991

2

1984

Ajmer

1

5

1988

3

1988

-

-

Jaipur

1

1986

6

1984

4

1991

-

-

Bharatpur

2

1981

9

1981

7+12=19*

1981

-

-

Kota AP

2

1981

5

1989

6

1991

-

-

Dabok AP

-

-

-

-

-

-

-

-

The spell of duration 19 days continued from 25 th May to 12 June during the year 1981 which was the
longest spell of heat wave. This seven days duration in continuation with June is not been included in the
month of May 1981. Year of one day spell is not included.
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TABLE 2(b)
Maximum duration of Heat Waves(1992-2001)
(Number of days)
April
Stations

May

June

July

Spell
duration

Date

Spell
duration

Date

Spell
duration

Date

Spell
duration

Date

Churu

8

1993

18!

1998

8

1993

4

1999

Ganganagar

7

1999

10

1998

6

1993

2

1995

Bikaner

7

1999

17

1998

8

1995

-

-

Barmer

7

1998

12

1995

9

1995

2

1995

Jaisalmer

6

1999

9

1995

10

1992

-

-

Ajmer

7

1999

6

1998

4

1992

3

1999

Jaipur

6

1999

9

1998

9

1995

6

1995

Bharatpur

6

1999

ii

1998

8

1993

6

1998

Kota AP

5

2000

17

1998

9

1992

6

1995

Dabok AP

11

2000

9

1998

7

1993

5

1995

The Spell of duration of 18 days continued from 15 th May to 1st June during the year 1998, which was the
longest spell of heat wave

TABLE 3(a)
Frequency of heat waves (1981-91)
Station

April (days/year)

May (days/year)

June (days/year)

2 to 3

3 to 4

3

Ganganagar

2

1 to 2

2 to 3

Bikaner

2

1

2

Barmer

3

2

2

Jaisalmer

2 to 3

2

2 to 3

Ajmer

l to 2

2

1

Jaipur

1 to 2

1

1

Bharatpur

2

7

5 to 6

Kota AP

1

l to 2

l to 6

Dabok AP

-

l to 2

l to 2

Churu
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TABLE 3(b)
Frequency of heat waves (1992-2001)
Station

April
(days/year)

May
(days/year)

June
(days/year)

July
(days/year)

6 to 7

10

6 to 7

3 to 4

6

8 to 9

6 to 7

1 in 2 years

Bikaner

4 to 5

6 to 7

4 to 5

1 in 5 years

Barmer

4

4 to 5

5 to 6

1 to 2

Jaisalmer

3 to 4

5 to 6

3 to 4

1 in 10 years

Ajmer

4 to 5

2 to 3

2 to 3

l to 2

Jaipur

3 to 4

4 to 5

4 to 5

2 to 3

5

7 to 8

3 to 4

5 to 6

KotaAP

2 to 3

5 to 6

4 to 5

3 to 4

DabokAp

5 to 6

4 to 5

5 to 6

2 to 3

Chum
Ganganagar

Bharatpur

western part of Rajasthan and Geo-Physical feature
of eastern part of Rajasthan such as rocky belt
enhancing the heating effect. This heating is further
supported by subsidence in the lower troposphere
over that area.
Table 4 gives the total number of heat wave
spells during the season and months. The total
number of spells increases considerably if, one-day
heat wave spell are counted as given in the
bracketed figures. The spell, some time extends
up to July also which may be due to delayed in
monsoon current in the western part of the state.
The total number of heat wave spell is more in West
Rajasthan as compared to East Rajasthan.

5.

6.

Conclusion

(i)

The study reveals that there are two heat waves
prone regions one in the Eastern part with the
center near Bharatpur and other to the Western
part of the state near Jaisalmer, which may be
due to special geographical features.

(ii)

The Maximum duration, number of spells and
severity of heat wave were found in these two
zones only. Relatively, less heat prone
pockets were found to be in the southern and
central parts of the state comprising the
regions of Kota, Jaipur and neighboring parts
Ajmer sub divisions. Udaipur never
experienced heat wave because of its
geophysical features.

(iii)

There is an indication of some increasing
tendency of heat wave spells and its severity,
which may be due to industrialization, deforestation and increasing human activity.

(iv)

There appears slight rising tendency in the
later decadal data in the frequency,
persistency and intensity of heat wave on
account of global warming.

(v)

It take one to two days in spreading of heat
wave from western part to eastern part
depending on wind direction and speed.

Forecasting aspect of heat wave

The normal pattern of lower tropospheric winds are
westerly (during pre monsoon season) so the heat
wave which formed in the desert are carried by
these westerly in the state thereby first covering
the western part and then eastern part of the state.
Depending on the wind speed, it takes one to two
days in spreading of heat wave in the entire state.
So when the heat wave conditions developed in
the western part after a day or so it spread in the
eastern part. Thus, day-to-day analysis of the
maximum temperature and its departure give a clue
about the forecasting of heat wave keeping in view
the wind direction and speed over the state and
adjoining area.
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TABLE 4
Total number of heat wave spells during period 1981-2001
Station

April
(days/year)

May
(days/year)

June
(days/year)

July
(days/year)

19811991

19922001

19811991

19922001

19811991

19922001

Churu

--(03)

14(26)

06(11)

19(25)

07(10)

12(20)

08(19)

Ganganagar

--(02)

14(19)

04(10)

18(22)

06(12)

13(16)

01(04)

Bikaner

--(02)

12(17)

03(08)

11(14)

03(10)

13(15)

--(02)

Barmer

--(03)

08(15)

05(09)

09(13)

03(07)

13(18)

03(08)

Jaisalmer

--(02)

09(11)

06(09)

13(17)

06(09)

11(12)

--(10)

Ajmer

--(02)

08(18)

03(05)

07(12)

04(04)

06(12)

02(09)

Jaipur

--(--)

09(15)

02(03)

10(17)

03(04)

12(17)

05(10)

Bharatpur

01(03)

07(16)

10(17)

09(10)

10(16)

06(06)

07(14)

Kota AP

02(03)

08(19)

06(09)

12(13)

05(10)

11(16)

10(18)

--(--)

11(17)

--(--)

09(17)

--(--)

11(18)

05(14)

Dabok AP

19811991

19922001

Bracketed figures denotes the total number of heat waves spell including one day spell whereas the first
figures denotes number of spells of Heat Waves more than two days.
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Modern techniques of
estimation of areal rainfall - A
case study of rainfall in
southern peninsular India
during March 2008
ABSTRACT

An unprecedented all time record rainfall since the year 1875 in the states of Tamil Nadu, Kerala and Karnataka
occurred during March 2008. Rainfall obtained from modern observational systems like Automatic Weather
Stations (AWS), estimates of Integrated Precipitable Water Vapour (IPWV) through ground-based GPS systems
and upper air RS-RW ascents are indicators of the rainfall events. TRMM satellite-derived estimates and
Doppler radar-derived precipitation accumulation in the 100 km range are modern tools for understanding the
spatial and areal rainfall variabilities. After validating with observatory rainfall, AWS recorded rainfall of 20
stations has been used as the yardstick to evaluate the rainfall estimates from other techniques. It is observed
that TRMM estimates of rainfall cannot exactly match the actual rainfall recorded at surface level by AWS
and observatory. TRMM estimates are either overestimated or underestimated and vary with the location /
altitude of the place. TRMM rainfall estimate is available only at 0.25 × 0.25 degrees resolution which is
approximately equal to an areal distance of around 25 km and hence errors are unavoidable in point-rainfall
estimates. Effectiveness and utility of such data for operational use has been discussed.
Key words: Automatic Weather Stations, TRMM, IPWV, GPS, Doppler Weather Radar, Easterly waves

1.

easterly waves (13-18 March) moving subsequently
northwards and the other as a low pressure area
(20-22 March) at sea level in Commorin-Maldives
area were the causative factors for such an excess
rainfall in the four southern states of India. During
20-27 March 2008, thundershower activity resulted
from the high amplitude troughs in easterlies,
embedded circulations and low level wind
discontinuities which led to formation of a low
pressure area in Cape-Comorin region off Sri Lanka
(Mazumdar et al, 2009). Easterly waves move close
to the Inter-Tropical Convergence Zone (ITCZ) and
are associated with considerable convective
cloudiness. With the advance of the summer
season, these easterly waves increase in intensity.
The passage of deep easterly waves in the
neighbourhood of ITCZ can and does enhance the
differences in temperature and moisture content of
air masses on the two sides of ITCZ as well as on
the two sides of the deep trough associated with
deep easterly waves (Asnani, 2005). Negative
anomalies of Outgoing Longwave Radiation (OLR)
imply increased cloudiness and likelihood of
enhanced precipitation. As the relationship between
OLR anomaly and precipitation is most reliable in
tropical regions observed negative OLR anomalies

Introduction

The pre-monsoon season (March-May) of India is
characterised by intense heating of the land due to
maximum insolation and this season is a transition
period from winter to summer monsoon circulation.
Due to increased heating, low pressure areas start
developing over the land in March itself. March 21/
22nd is known as the Vernal Equinox when the
sun's noon rays are vertical over the equator and
days and nights are equal. The rainfall activity is
subdued during the month of March except for
sporadic rainfall due to intense convection.
Occasionally, during the pre-monsoon season,
remnants of typhoons of Pacific Ocean travel across
southeast Asia, enter into the Bay of Bengal as
easterly waves and sometimes trigger the formation
of tropical cyclones (Kelkar4, 2007). Intense rainfall
activity associated with thunderstorms is
experienced in peninsular India during the passage
of easterly waves.
An unprecedented heavy rainfall since the year
1875 in the states of Tamil Nadu(TN), Kerala(KER),
Karnataka(KAR) and Andhra Pradesh(AP)
occurred during March 2008 and was confined to
the period between 12th and 27th. Two shallow
disturbances, one in the form of large amplitude
70

exceeding 20 W/m2 (CDBI, 2008) over peninsular
India are indicators of the convective activity and
subsequent rainfall which occurred during March
2008.

areas. Rainfall measured by the sensor in AWS has
been validated with the co-located observatory rain
gauge data wherever possible. AWS data is used
in this study as a yardstick to evaluate the rainfall
estimates obtained from the Tropical Rainfall
Measuring Mission(TRMM) satellites. The validation
of AWS data yields promising results for its utility in
monitoring and nowcasting of severe weather
events (Tyagi et al, 2010). Considering the vast
spatial density of a network of AWS and ARGs,
proving the dependability and worthiness of AWS
in utilisation of the data during occurrences of such
extreme weather events like that of the current study
paves the way towards gradual switch-over to latest
technology. Accurate rainfall data from AWS is
obtained when periodic cleaning of the rain gauge
is done as part of preventive maintenance
schedules. Estimates of Integrated Precipitable
Water Vapour (IPWV) from ground-based Global
Positioning System (GPS) equipments coupled with
IPWV content of the upper atmosphere obtained
from the network of radiosonde-radiowind(RS-RW)
stations provide valuable inputs on the possible
occurrences of severe weather phenomena. Each
technology has its own advantages and limitations
but overall, one complements the other in
enhancing forecasting capabilities.

Tamil Nadu received a record rainfall of 176 mm
during March 2008 against the normal value of 19
mm which is 806% above normal and if both the
subdivisions of TN and Puducherry are considered
as a whole the rainfall was 802% above normal.
The monthly total rainfall for AP during March 2008
was the second highest since 1875, the first one
being in 1944. The area weighted average rainfall
for the southern peninsula was 915% of its Long
Period Average value. Anomalous southwesterlies
from the Arabian Sea and northeasterlies from the
north Pacific Ocean converged over the south
Indian Ocean during this period. These circulation
features might have contributed to widespread
convective activity over south peninsula (CDBI,
2008). Rainfall recorded by conventional
observatories of the southern peninsula during
March 2008 and the associated synoptic features
are reported and documented (Daily Weather
Reports, 2008) by IMD for March 2008 and hence
they have not been included within the scope of
this paper.
The objective of the present study is to
emphasise the effectiveness and reliability of
utilising modern observing techniques in estimation
of the areal rainfall. Modern techniques, no doubt
enhance the ability of the weather forecaster and
dependability is proven when adequate measures
are taken for maintenance and periodic calibration
of sensors. Awareness of the inherent limitations
and errors likely to occur in any state-of-art
electronic systems and efforts to minimise them will
go a long way in ensuring better forecasting of
severe weather phenomena.
IMD had commissioned a dense surface
observational network network of 125 state-of-art
satellite-based Automatic Weather Stations (AWS)
during the year 2007 (Ranalkar et al, 2008). As on
31 July 2012, 550 more AWS have been installed
and are operational. Many more are in the anvil to
ensure reliable and accurate data from remote
spatially unrepresented data sparse locations. In
addition to other meteorological parameters, AWS
provides crucial information about the rainfall
realised in hitherto meteorologically unrepresented
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2.

Data and methodology

i)

The weekly rainfall normals for TN, for the
month of March for the period 1941-90
calculated from the area weighted normal
rainfall of 30 districts (Weekly Weather
Reports, 2008).

ii)

Cumulative rainfall data from 20 AWS (TN 8, AP - 10 and KAR - 2) in the southern
peninsular India installed during year 2007 for
which uninterrupted data was available. The
AWS are Thiruchendur(TCD), Vedasandur
(VDS), Karaikal(KKL), Chidambaram(CDM),
Puducherry(PDY), Mailam(MLM), Kalavai
(KLV), Chennai-Nungambakkam(NBK),
Tirumala(TRM), Sriharikota(SHR), Nellore
(NLR), Kavali(KVL), Bapatla(BPT), Darsi
(DRS), Narsapur(NRP), Yellamanchilli(YMC),
Bhimunipattinam(BHM), Vizianagaram(VZN),
Bengaluru (BNG) and Bidar(BDR).

iii)

Rainfall data of conventional surface
observatories which are co-located with AWS.
Out of the 20 AWS, 9 (VDS, KKL, CDM, PDY,

NBK, KVL, BPT, NRP, BNG) have co-located
observatories and the rainfall recorded by
AWS and conventional rain gauge in the
observatory(OBSY) has been compared and
validated.
iv)

Values of the hourly GPS-IPWV ( in mm) over
NBK for March 2008 from IMD website (http:/
/www.imd.gov.in).

v)

vii)

IPWV (in mm) obtained from the RS-RW data
(0000 and 1200 UTCs) of observatory at
Chennai Airport in Meenambakkam (MBK,
12°59'N/80°10'E) for March 2008 has been
taken from the website of University of Wyoming
(http://weather.uwyo.edu/ upperair/sounding.
html). It has been compared with the GPSderived IPWV of NBK which is located at a
distance of 15 km from MBK to analyse the
variability in the moisture content over Chennai
and the corresponding impact on the actual
rainfall realised over Chennai. RS-RW data has
been utilised to understand the upper air
variations in relative humidity and dew point
temperature at freezing level during the unusual
rainfall activity.

vi)

3.

nasa.gov/daac-bin/G3 which is a Giovanni
online user-friendly visualisation application
for analysis of Level-3 gridded TRMM data.
The daily rainfall values have been
downloaded and cumulated to obtain the
monthly total for March 2008 for each station
and compared with AWS rainfall data.
Precipitation Accumulation (PAC) product from
the Doppler Weather Radar (DWR) located at
Chennai at a distance of 5 km from NBK has
been used to understand the spatial rainfall
distribution in the 100 km range of the radar.

Results and discussions

The excess rainfall of March 2008 was abnormal and
is evident from the percentage departures(PD) of
rainfall from weekly normals for TN provided in Table
1. The PD of 1525 during 13 to 19th and a PD of
2329 during 20 to 26th quantify the rainfall activity of
TN. The isohyets analysis of the monthly rainfall
normals for March based on rainfall recorded during
the period 1941-90 by 113 stations of IMD and those
under the Districtwise Rainfall Measuring
Scheme(DRMS) in the area bounded by 6°N and
22°N/70°E and 95°E revealed that the normal rainfall
in the area ranged only from 0 to 70 mm and hence
the rainfall activity of March 2008 is unusual.

TRMM satellite-derived precipitation
estimates from the 3B42-V7 product yield the
best precipitation accumulation (mm) for three
hourly periods. The gridded estimates have
a 0.25° x 0.25° spatial resolution (http://www.
trmm.gsfc.nasa.gov/. The daily rainfall data
for March 2008 for each of the 20 AWS at
their nearest Lat/Long positions has been
obtained from the site www.gdata1.sci.gsfc.

3.1

Spatial variability of rainfall through AWS
and TRMM data
The characteristic spatial features of rainfall under
the influence of easterly waves are distinctly
captured by the intercomparison of rainfall data
recorded by AWS, co-located surface observatories
and TRMM estimates. Satellite-derived rainfall is

TABLE 1
Percentage departures from weekly normals for
Tamil Nadu (30 districts) for March 2008
Week

Period

Actual
rainfall (mm)

Weekly
Normal (mm)

Percentage Departure
from weekly normal

1

26 Feb - 5th Mar

5.4

4.0

35

2

6 - 12 Mar

11.2

4.8

133

3

13 - 19 Mar

58.5

3.6

1525

4

20 -26 Mar

89.9

3.7

2329

5

27 Mar - 2 Apr

23.2

6.6

251
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underestimated when compared with rain gauge
measurements at surface level due to the
algorithms used and instrumental bias. By using
the daily 3B42-V6 algorithm derived TRMM
precipitation estimates, it is easier to estimate
rainfall with reasonable accuracy over a large area
than a small one and when the rainfall is widespread
rather than localised (Durai et al, 2010). In this
study, 3B42-V7 product of TRMM is utilised.

March 2008 has been plotted stationwise and Fig.1
shows the rainfall graphs of 8 AWS and that of MBK
OBSY in TN. Fig.2 represents the rainfall of 10 AWS
in AP and 2 of KAR. The rainfall data of nine colocated observatories has also been plotted along
with the AWS and TRMM data. The details of the
20 stations are provided in Table 2 along with the
monthly cumulative rainfall of March 2008 recorded
by AWS, OBSY and the estimates from TRMM. It
is clear from Figs.1 & 2 and Table 2 that while AWS
and OBSY data are almost the same, they don't

The daily rainfall recorded by the 20 AWS and
their corresponding TRMM estimated rainfall during

Fig.1. Rainfall estimates of TRMM with observatory and AWS recorded rainfall in Tamil Nadu
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Fig.2. Rainfall estimates of TRMM with observatory and AWS recorded rainfall in Andhra Pradesh and
Karnataka
surface level. TRMM daily products (http://
disc.sci.gsfc.nasa.gov/additional/ faq/precipitation_
faq.shtml). are computed by accumulating all the
estimates available in the eight observation times
of a given UTC day, namely 0000, 0300,0600,
0900,1200,1500,1800 and 2100 UTCs. IMD
convention is to report the 24 hours rainfall from
0300 UTC of the previous day to the current day
ending at 0300 UTC. According to this convention,
if the time options are chosen the TRMM estimates
of rainfall are cumulatively obtained from the

match one-to-one with TRMM estimates. Rainfall
is a discrete, spatially localised and highly variable
quantity. In particular, amount of daily rainfall can
change within 2-3 km under the influence of
thunderstorm activity. Considering the fact that
TRMM rainfall values are available at 0.25 x 0.25
deg resolution which is approximately at a 25 km
grid spacing, point rainfall values can only be
interpolated by suitable algorithms and can never
match the actual rainfall recorded by conventional
and AWS which are co-located and measured at
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TABLE 2
Latitudinal distribution of cumulative rainfall during the month of March 2008
No.

Station

ID

Lat (°N)

Long (°E)

Rainfall (mm)
AWS

OBSY

TRMM

1

Thiruchendur

TCD

8.50

78.18

326.0

-

318.9

2

Vedasandur

VDS

10.53

77.95

134.0

140.4

135.5

3

Karaikal

KKL

10.91

79.83

219.5

201.6

248.5

4

Chidambaram

CDM

11.38

79.71

296.5

544.2

274.9

5

Puducherry

PDY

11.95

79.81

153.0

223.0

225.2

6

Mailam

MLM

12.10

79.61

135.5

-

182.5

7

Kalavai

KLV

12.90

79.40

002.5

-

115.1

8

Chennai

MBK

13.06

80.25

136.0

138.0

144.9

Chennai AP

NBK

13.00

80.18

175.2

144.9

9

Tirumala

TRM

13.40

79.23

88.5

-

132.5

10

Sriharikota

SHR

13.67

79.83

88.5

-

94.2

11

Nellore

NLR

14.45

79.90

10.5

-

25.0

12

Kavali

KVL

14.58

80.00

21.5

23.6

31.2

13

Bapatla

BPT

15.53

80.30

79.0

95.7

101.2

14

Darsi

DRS

15.78

79.58

90.0

-

161.2

15

Narsapur

NRP

16.43

81.70

82.0

87.0

138.1

16

Yellamanchilli

YMC

17.55

82.83

104.5

-

116.6

17

Bhimunipattinam

BHM

17.88

83.23

45.5

-

102.6

18

Vizianagaram

VZN

18.12

83.43

92.0

-

96.7

19

Bengaluru

BNG

12.97

77.58

54.0

59.8

98.2

20

Bidar

BDR

17.92

77.53

87.0

-

136.5

Legends: ID - Station Identification code, AWS - Automatic Weather Station, OBSY -Observatory,
TRMM - Tropical Rainfall Measuring Mission

observations centred at 0300 UTC of 0130 UTC of
the previous day to 0130 UTC of today. This is one
of the limitations in obtaining TRMM cumulative
rainfall of a day as per IMD convention. However
TRMM rainfall accumulation estimates on a monthly
scale does provide an indication of the spatial / areal
rainfall and hence the comparison on a monthly
basis seems to be more appropriate and reliable
which is evident from the monthly comparison
figures for March 2008.

The monthly cumulative rainfall recorded by
AWS was correlated with the TRMM accumulated
rainfall estimates. Both the data series were
examined for any outliers using schematic plot
(Wilks, 1995). There was no outlier and hence the
samples of all 20 stations were utilised and the
correlation between the two series was found to be
R=0.92 which explains 85 per cent of the variation
in rainfall measured by the two methods. The mean
error (AWS-TRMM) i.e., bias for the month of March
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2008 between the two series is -31.7 mm indicating
the overestimation of rainfall by TRMM, whereas
the Root Mean Square Error(RMSE) is 44.9 mm.
The standard error in the samples of AWS recorded
rainfall data is 66.4 mm whereas that of TRMM is
28.5 mm indicating the measure of uncertainty due
to sampling fluctuations. The smaller sample size
(N=20) has also contributed to higher standard
errors.
The isohyets of Fig.3(a) depicting the spatial
pattern of rainfall (cm) during March 2008 (CDBI,
March 2008) are based on conventional OBSY
data. The spatial distribution of the rainfall(in mm)
reported by the 20 AWS under study is depicted in
Fig.3(b). Rainfall over the southern peninsula
exceeded 10 cm. Parts of Tamil Nadu and Kerala
received more than 20 cm which is in conformity
with the pattern obtained from conventional rainfall
data and AWS as in Fig.3(a) & (b) respectively.
AWS in AP located above 15°N / 80°E did not
receive any rainfall during the first spell (13-18
March) and have received rainfall only during the
second spell which commenced on 20 March. AWS
in AP near to Chennai have received rain during
both the spells. The TRMM satellite-derived monthly
total precipitation (mm) during March 2008 as
shown in Fig.3(c) in the land area of the
geographical boundary of 7°N and 20°N / 75°E and
85°E over peninsular India ranges from 0 to 400

Fig.3(b). Spatial distribution of rainfall (mm) in
March 2008 reported by AWS

Fig.3(c). TRMM satellite-derived total rainfall (mm)
during March 2008

Fig.3(a). Isohyets depicting spatial variation of rainfall (cm) during March 2008 as per conventional observatory data

Fig.3(d).
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Comparison of TRMM precipitation
estimates with AWS measured rainfall
of March 2008

921 metres a.m.s.l and does not appear to have
any marked influence on the accuracy of rainfall
estimates received through TRMM.

mm. Rainfall of the order of 300 to 400 mm is
confined to the extreme south Tamil Nadu. TCD is
a station at the lower most latitude and beginning
with that AWS, the latitudinal variation of monthly
cumulative rainfall shown in Fig.3(d) shows the
comparison of rainfall as derived from AWS rain
gauge data and TRMM satellite estimates. The
deviations (AWS-TRMM) are also depicted. Table
2 along with Fig.3(d) brings out the distinct variability
between the rainfall estimated by TRMM and that
actually recorded by AWS / OBSY. The variability
of the two spells of rainfall has been captured very
well by AWS and TRMM for stations located in
extreme south Tamil Nadu like TCD and VDS with
a bias/ deviation (AWS-TRMM) of -7.1 and +1.5
mm respectively. Coastal NBK had a bias of -8.9
mm. A significantly high bias of -112.6 mm is
observed in KLV. Stations like KVL, SHR, VZN
along coastal AP have a bias of -9.7, -5.7 and -4.7
mm respectively. Bias is always on the negative
side for 18 stations except VDS and CDM as is
evident from Fig.3(d). So, TRMM estimates are
almost always higher than that actually recorded
by the AWS. This conclusion is based on the data
for premonsoon month i.e., March 2008.

3.2

Analysis of GPS and RS-RW derived IPWV
over Chennai
Recording of real time Integrated Precipitable Water
Vapour (IPWV) at each hour by ground based GPS
been recently introduced in IMD and it has advantages
over the traditional methods in nowcasting
thunderstorm episodes (Singh et al, 2009). The
technique uses the atmospheric delay error of the
GPS satellite signals to determine the amount of
IPWV (kg/m2) in the troposphere (Giri et al, 2007).
Observations of the sudden increase in values of
IPWV can serve as potential indicators of the
convective and approaching thunderstorm activity.
GPS-derived IPWV is recorded at hourly intervals
whereas IPWV for only 0000 and 1200 UTCs are
available from RS-RW upper air data. In order to
validate the data derived from both, the errors
between RS-RW data and GPS-derived IPWV for
0000 and 1200 UTCs were calculated. The bias
(mean error) between the RS-RW and GPS IPWV
was found to be 4.8 mm and 5.1 mm for 0000 and
1200 UTCs respectively. RMSE was 7.2 and 8.3
mm for the same UTCs. The scatter plot between
the two series shown in Fig.4 indicates the high
degree of correlation between the two series which
is 0.94 for 0000 UTC and 0.92 for 1200 UTC. It
was observed that RS-RW derived IPWV was
always greater than that obtained by GPS technique
for March 2008. RMSE, a measure of the random
component of the error in measurement of IPWV is
high for the two synoptic hours of study whereas
the bias is acceptable within limits. High reliability
and dependability on the spatial representativeness
of the data obtained through this measurement
technique is obvious even though the distance
between the locations of RS-RW(MBK) and GPS
based IPWV facilities at NBK is 15 km. In the
present instance of March 2008, the normal values
of IPWV ranged from 31-35 mm over NBK during
no rain conditions. The sharp increase to 55-60
mm in IPWV during 10-26 March as observed from
Fig.5 for the two spells of rain indicate the actual
rainfall occurrence at NBK during the same period.
The reason for the missing GPS-IPWV data on
some days during the two spells of actual rainfall
can be attributed to atmospheric / ionospheric
propagation errors. The daily rainfall values of AWS,

An analysis of the Indian monsoon
season(June-September) for three consecutive
years with TRMM data with 3B42-V6 product (Durai
et al, 2010) yielded a result that orographic and west
coast rainfall is underestimated. Heavy rainfall of
northeast India was not at all captured by satellitederived products. The present study pertains to one
month of the pre-monsoon season, for the southern
peninsula in particular. Further, we have utilised
3B42-V7 product for obtaining the rainfall from
TRMM and it is quite possible that some difference
could arise due to the processing algorithms but
no definite conclusion can be drawn with results
from a single month's data. Region-specific bias in
measurement due to terrain and orographic
features cannot be ruled out. It is quite possible
that the estimated rainfall could not be actually
realized because of the dry lower level atmospheric
conditions which prevail during pre-monsoon and
which could be location-specific(coastal / inland
stations) as well. The AWS under consideration are
in the leeward side of the Western Ghats and the
elevations of the stations above mean sea
level(a.m.s.l) are different for each of them. The
elevation of the 20 AWS sites ranges from 0.8 to
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Fig.4. Scatter plot of RS-RW and GPS based IPWV for 0000 and 1200 UTCs of March 2008
OBSY and TRMM estimates have been plotted
along with IPWV in Fig.5. It is seen that while AWS
and OBSY are almost exactly same, TRMM is
sometimes overestimated and on few other
instances underestimated. But when IPWV starts
increasing from 35 mm occurrence of rainfall is
observed from the Fig.5. However, accurate
estimation of the actual rainfall amount equivalent
to the corresponding IPWV values greater than 55
mm is not yet proven.
The increasing trend in availability of moisture
is well-captured by the RS-RW derived dew point
temperature and relative humidity of MBK. During

1-10 March, the atmosphere was devoid of moisture
which is evident from the dew point temperatures
reaching upto- 45°C. Under the influence of easterly
waves, when the moisture content increased in the
tropospheric region over Chennai, the dew point
temperature hovered in the range 0°C to 15°C
during the period 11-27 March. The profile of relative
humidity over MBK below the freezing level at 0000
and 1200 UTCs has shown sharp increase in
relative humidity from 10-27 March. It is a fact that
RS-RW data provides crucial inputs on the
possibilities of occurrence of rain over a place.

Fig.5. Variation in Integrated Precipitable Water
Vapour and rainfall values of AWS, OBSY
and TRMM at Chennai Nungambakkam
during March 2008

3.3 Analysis of rainfall through DWR
DWR has the capability to estimate rainfall from the
radar reflectivity products viz., Surface Rainfall
Intensity and 24 hours Precipitation Accumulation
(PAC). The PAC product provides a spatial
distribution of rainfall and the information about the
occurrence of rainfall over areas not covered by
rain gauge stations can be obtained from the PAC
product(Balasubramanian, 2010). The spatial
distribution in the 100 km range of the DWR at
Chennai during the two spells of rainfall for the
periods 12-17 and 21-26 March 2008 is evident from
Figs.6 and 7. The signatures of the approaching
cloud pattern under the influence of easterly waves,
intense rainfall, gradual westward movement of the
clouds and consequent decrease in the rainfall are
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Fig.6. PAC products of DWR Chennai during 12-17 March 2008
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Fig.7. PAC products of DWR Chennai during 21-26 March 2008

Referees for their valuable suggestions to improve
the quality of the paper.

well brought out by the radar pictures. Point- rainfall
values from DWR estimates may slightly differ from
the actual realised rainfall. It may be noted that the
cumulative DWR rainfall estimates for March 2008
for NBK and MBK are 128 mm and 136.1 mm
respectively. When compared with the values of
AWS and OBSY given in Table 2, the difference in
estimation between TRMM and DWR also can be
understood. DWR estimated rainfall too has
inherent uncertainties and errors induced by the
drop size distribution, the height at which the
samples are taken, spurious echoes, instrumental
and algorithmic constraints(Amudha et al, 2010).
Further the data is obtained at a resolution of 500m.
However the areal distribution is well in agreement
with the observed rainfall pattern.

4.

Conclusions

i)

Monthly rainfall estimates from TRMM indicate
some error which may be due to reasons like
the inherent limitations in algorithms used for
satellite-derived estimates, the resolution
(0.25° x 0.25°) in which the data is available,
the difference in the observation timings at
which TRMM data is made available and
possible contributions from regional
topographical aspects.

ii)

Results from this study indicate that TRMM
estimates are either overestimated or
underestimated and vary with the location /
altitude of the place. In general,
overestimation of rainfall by TRMM is
observed, though the study is limited for a
single month i.e., March 2008.

iii)

Sharp increase in IPWV values to 55-60 mm
have shown corresponding rainfall activity.
IPWV values less than 35 mm indicate "no
rain" conditions.

iv)

The products from Doppler radar provide
crucial inputs in real-time monitoring and
prediction of the movement and intensity of
severe weather systems. The capabilities of
such state-of-art products are yet to be fully
utilised to the maximum and many areas are
still unexplored and under-utilised for
operational forecasting purposes.

References
Amudha, B., Raj, Y.E.A., Thampi, S.B. and
Ramanathan, RM.A.N, 2011., "Diagnostic
Verification of radar -derived spatial variability in
rainfall around Chennai during 2006-10", National
Seminar on Doppler Radar and Weather
Surveillance, DRaWS-2011, 17-18 Nov 2011.
Asnani, G.C., 2005, "Tropical Meteorology", 1, Ch.4.8.
Balasubramanian, K.V., 2010, "A radar study of
unusual rainfall over Tamil Nadu during March 2008",
Book of Extended Abstracts of DRaWS - 2010, the
National Seminar on Doppler Radar and Weather
Surveillance, 18-19 March 2010, pp.156-159.
Climate Diagnostic Bulletin of India, March 2008,
National Climate Centre, India Meteorological
Department, Pune.
Daily Weather Reports, March 2008, India
Meteorological
Department,
Regional
Meteorological Centre, Chennai.
Durai, V.R., Roy Bhowmik, S.K., and
Mukhopadhyay, B., 2010. "Evaluation of Indian
summer monsoon rainfall features using TRMM and
Kalpana-1 satellite derived precipitation and rain
gauge observation", Mausam, 61, 3, pp.317-336.
Giri, R.K., Meena, L.R., Bhandari, S.S. and Bhatia,
R.C., 2007, "Integrated water vapour from GPS",
Mausam, 58, 1,pp.101-106.
Kelkar, R.R., 2007, "Satellite Meteorology", B.S.
Publications, Hyderabad, pp.84-85.
Mazumdar, A.B., Khole Medha and Sunitha Devi,
S., 2009, "Weather in India - Hot Weather Season
(March-May 2008), Mausam, 60,2, pp.235-266.
Ranalkar, Manish, Amudha, B., Anjan Anjit, Pratap,
Rudra and Vashistha, R.D., 2008, "Expansion and
upgradation of Indian automatic weather station
network ", Special issue of the Proceedings of
TROPMET 2007, Vayumandal, Vol.34, No.1-4,
pp69-76.
Singh, Virendra, Kore, Prasanna and Krishna Kumar,
G., 2009, "Nowcasting of thunderstorm using
integrated precipitable water vapour content
measured by ground based GPS over Guwahati
airport of India", EUMETSAT meteorological satellite
conference, 21-25 Sep, Bath, United Kingdom.
Tyagi Ajit, Hatwar H.R, and Pai, D.S., 2010, "Synoptic
Meteorology, Monsoon 2009-A Report"
Met.Monograph No.09/2010, NCC, IMD, pp.142-153.
Weekly Weather Reports, March 2008, India
Meteorological Department, Regional Meteorological
Centre, Chennai.
Wilks, D.S., 1995, "Statistical methods in
atmospheric sciences", Academic Press, California.

Acknowledgement
The authors are thankful to Dy.Director General of
Meteorology, RMC Chennai for his encouragement
and support. The authors also thank DWR Chennai
for providing the radar data. Authors thank the
81

T. P. Singh, R. R. Shende and S. F. Mulla
India Meteorological Department, Pune

Extreme temperatures
anomalies over Maharashtra

ABSTRACT
Extreme weather events like- extreme temperatures, cyclones, severe rainstorms etc. become a cause of tremendous
socio-economic consequences. The extreme maximum temperature in summer months and extreme minimum
temperature in winter months are generally associated with heat wave and cold wave respectively which are
main cause of enormous loss of human life and property. The extreme maximum and minimum temperatures
data for period 1981-2000 for summer months (April, May, June) and winter months (December, January,
February) respectively have been used for study of extreme temperatures.
In the present paper anomalies of extreme maximum and minimum temperatures over Maharashtra during the
period 1981 - 2000 from: (i) monthly mean maximum temperature and monthly mean minimum temperature
respectively and, (ii) ever- recorded extreme maximum and minimum temperatures respectively up to 1980 for
respective months have been discussed.
Key words: Mean temperature, Extreme temperature, Ever-recorded extreme temperature, Anomaly.

1.

temperature has been studied by Hingane et al
(1985), Jones et al (1986) and Rupakumar and
Hingane. (1988). Kothwale (1992) reported that the
mean annual maximum temperature in India has
increased by about 0.5°C/100 years during the past
century. The trend in climate change over India has
been examined by Pramanik and Jagannathan.
(1954), Srivastav et al. (1992) and Rao et al. (2005).
Recent climatic study shows that average global
air surface temperature has increased by about
0.74°C from 1906 to 2005 (Kothawale, 2007). Since
1861 observational data indicate that the 1990s was
globally the warmest decade and 1998 was the
warmest year. During last decades the change in
temperature is mainly due to rapid increase in
population, industrialization, urbanization and
deforestation in large scale (Guhathakura and
Srivastav 2004; IPCC, 2007).

Introduction

In past two decades extreme weather events have
become more severe and their occurrences have
also been experienced more in the world. Observed
records indicate that the loss in biotic life and
economy due to occurrence of these events, has
increased significantly in recent years. Surface
temperature is one of the most sensitive
meteorological parameters, which is responsible for
catastrophic weather events. Extreme maximum
temperature in summer months (April - June) and
extreme minimum temperature in winter months
(December - February) at surface level produce
adverse effect on human body, plants and
production of industries. Consequent upon extreme
maximum temperature and extreme minimum
temperature are associated with heat wave and cold
wave respectively. The maximum temperature is
generally attained in the afternoon while minimum
temperature is attained in the morning hours of the
day. The day's maximum and minimum
temperatures mainly depend upon the incoming
short wave radiation, outgoing long wave radiation,
albedo, cloud condition, rainfall and wind condition.

In this present paper anomalies in extreme
maximum temperature for summer months (AprilJune) and extreme minimum temperature for winter
months (December-February) over Maharashtra
during the period 1981 - 2000 from: i) monthly mean
maximum temperature and monthly mean minimum
temperature and, ii) ever-recorded extreme
maximum and minimum temperatures up to 1980,
have been discussed. Monthly mean maximum &

The temperature data have always been
attractive for the study of global warming and
climate change. A long term variation in surface air
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Ever-recorded extreme maximum temperature
up to 1980 is high in month May over all stations
except MUM, VNG, RTN and MWR. In May it is
recorded in higher order i.e. 45.6° to 48.3°C at these
stations- AGD, SLP, PRB, YOT, GND, NGP, AKL,
JLG and CPR. It is high at MUM, VNG and MWR in
month- April and RTN in June. However, it is high
at PNE in April and May both months. It is up to
42.2° C at coastal stations- MUM, RTN and VNG
in months: April-June. It is in the range 39.4° C to
43.3° C at NSK, PNE and KLP in these months.

minimum temperatures and monthly ever- recorded
extreme temperature have also been discussed.

2.

Data and Analysis

Monthly record of daily maximum temperature and
daily minimum temperature are considered to decide
the extreme maximum and extreme minimum
temperatures for that month. These two values are
then compared with the earlier record of monthly
highest and the lowest value of temperatures to
decide the ever- recorded extreme maximum
temperature and extreme minimum temperature
respectively for the month. Monthly extreme
maximum temperature for summer months (AprilJune) and monthly extreme minimum temperature
for winter months (December- February) data of 16
well distributed stations over Maharashtra state for
last two decade (1981- 2000) have been taken. To
obtain ever-recorded temperatures month wise,
extreme maximum temperature and extreme
minimum temperature data have been scanned for
a long period. The ever-recorded highest maximum
and lowest minimum temperatures month-wise up
to 1980 for these stations have been considered to
examine the anomaly in extreme temperatures in
last two decade. The monthly mean values of
maximum and minimum temperatures for respective
months are also taken to examine the anomaly.
Moreover, IDWRs have been scanned to examine
weather conditions.

3.

It is seen from Figs.1(a-i) that extreme maximum
temperature anomaly from monthly mean maximum
temperature is high in month June over all stations
except MUM where it is high in April. The anomaly
is found in higher order of 8° to 11°C at JLG, AKL,
NGP, PRB, GND, SLP, YOT, CPR and AGD in June
1995. Temperature over these stations attained
extremely high, because of more heating
continuous in a long spell as heat wave prevailed
over Maharashtra and its neighbourhood regions
from 30th May to 7th June 1995. The onset of
southwest monsoon was also late by 8-10 days from
normal date in June 1995. In June the anomaly at
coastal places; VNG, MUM and RTN in year 1991,
1995 & 1998 respectively is found maximum in
order of 5.5° to 6.1°C, whereas it is maximum in
order of 9.1° to 10.9°C at PNE & NSK in year 1991
and KLP in 1987. The highest anomaly in order of
12.3° C is found at MWR in June 1993. In April
anomaly at MUM is large as 7.7°C in year 1984.
The anomaly is higher over hilly area.

Results and discussions

The maximum temperature of higher order in a year
generally occurs in the summer months - April, May
and June, whereas the minimum temperature of
low order in a year occurs in December, January
and February.

However, the anomaly is found negative at AGD
(-0.1), AKL (-0.3), CRP (-0.8), GND (-0.8), YOT
(-0.8) and NGP (-1.4) in May 1990. It means that
daily maximum temperature at these places in May
1990 is less than their monthly mean maximum
temperature respectively. In this month the persistent
of low pressure, cyclonic storm and advancement
of southwest monsoon by 10-15 days early over
Maharashtra and its neighbourhood regions
produced a good amount of rainfall, as synoptic
features were most favourable for less heating
particularly over Vidarbha and Marathwada regions.

From Table 1 during summer monthly mean
maximum temperature is high in May over all
stations of Maharashtra state, except KLP, PNE and
MWR where it is high in April. Monthly mean
maximum temperature in May is of higher order i.e.
41.6° to 42.8° C at PRB, YOT, GND, AKL, NGP,
JLG and CPR. In April it is up to 38.1°C at PNE,
KLP and MWR. However, it is low i.e. 22.5° to
31.0°C at hill station MWR in these months. It is
more or less equal at KLP, PNE and NSK in
respective months. During these months the
variation in the temperature at coastal stationsMUM, RTN and VNG is less about 3.1°C (range:
30.2° to 33.3°C).

It is seen from Figs.2(a-i) that extreme maximum
temperature anomaly from ever- recorded extreme
maximum temperature up to 1980 is positive in June
1995 over PRB (0.3), AKL (0.5), YOT (1.0), GND
(1.5), AGD (2.0) and MUM (0.4). In month June
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anomaly is also positive at MWR in years- 1987,
1991, 1992, 1993, 1996 & 1998, and highly positive
at NSK (3.3) in year 1991. In May anomaly is
positive over GND (0.3), PRB (0.3), KLP (0.3) &
SLP (0.4) in year 1988, MWR (2.0) in year 1998,

YOT (0.3) & JLG (0.5) in year 1989 and NSK (0.5)
in year 1995. In month April anomaly is positive at
NSK (0.2) only in year 1983. It means that
temperature over these stations attained extremely
high in respective month.

TABLE 1
Sr.
No.

Station

Height
in
meter

Monthly
Mean Max.
Temp. in °C

Ever-Recorded
Extreme Maximum
Temperature up to
1980 in °C

April

May

June

April

May

June

1.

Akola(AKL)

309

41.3

42.5

37.6

46.1
(20,1949)

47.8
(22,1947)

47.2
01,1943)

2.

Chandrapur (CPR)

193

40.5

42.8

37.8

46.4
(29,1973)

48.3
(16,1912)

47.8
(01,1929)

3.

Gondiya(GND)

313

39.6

42.1

37.5

45.5
(26/28,1973)

47.0
(10,1973)

45.6
(06,1953)

4.

Nagpur(NGP)

310

40.2

42.6

37.8

46.1
(30,1942)

47.8
(26,1954)

47.2
(10,1931)

5.

Parbhani(PRB)

423

40.2

41.6

36.6

45.0
(25,1958)

46.2
(26,1973)

45.6
(07,1953)

6.

Yeotmal(YOT)

451

39.9

41.8

36.7

45.4
(14,1973)

46.3
(27,1973)

45.6
(07,1953)

7.

Jalgaon (JLG)

201

41.7

42.7

38.2

47.2
(26,1970)

47.9
(26,1973)

46.6
(10,1979)

8.

Kolhapur (KLP)

570

37.4

35.9

30.2

41.7
(29.1956)

42.0
(11,1979)

39.4
(05,1953)

9.

Pune (PNE)

559

38.1

37.2

32.1

43.3
(30,1897)

43.3
(07,1889)

41.7
(06,1897)

10.

Nasik (NSK)

598

37.0

37.1

32.4

42.2
(24,1958)

42.4
(12,1960)

40.0
(06,1953)

11.

Solapur (SLP)

479

39.7

40.1

35.0

44.7
(27,1973)

45.6
(12,1939)

45.6
(01,1923)

12.

Mahabaleshwar
(MWR)

1382

31.0

29.4

22.5

37.6
(21,1976)

35.4
(13,1974)

32.9
(01,1968)

13.

Aurangabad (AGD)

581

39.0

39.9

34.9

45.0
(27,1896)

45.6
(25,1905)

43.9
(01,1923)

14.

Mumbai (MUM)

015

33.1

33.3

31.9

42.2
(14,1952)

41.0
(12,1979)

36.7
(01,1951)

15.

Ratnagiri (RTN)

067

32.2

32.7

30.5

37.5
(23,1974)

37.8
(31,1883)

39.0
(05,1969)

16.

Vengurla (VNG)

009

32.7

32.8

30.2

40.0
(16,1956)

36.8
(03,1978)

37.3
(04,1977)

*

Figures in brackets indicate date and year.
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May

June

Fig.1(a-i) Extreme maximum temperature anomaly from mean monthly maximum temperature. X–axis (years) and
Y-axis (Temp. Anomly in °C)

April

86

May

June

Fig.2(a-i) Extreme maximum temperature anomaly from ever-recorded extreme maximum temperature. X–axis (years) and
Y-axis (Temp. Anomly in °C)

April

In February it is positive at AKL (0.3) in year 1986.
In December it is positive at PRB (1.2) in year 1999.
It means that extreme minimum temperature in the
months at these places is more than their monthly
mean minimum temperature respectively.

During this period 1981-2000 monthly extreme
maximum temperature in June became everrecorded extreme maximum temperature at
PRB(45.9°C), YOT(46.6°C), GND(47.1°C),
AKL(46.2° C), AGD(45.9°C) and MUM(37.1°C) in
year 1995, KLP(40.0°C) in year 1987, NSK(43.3°C)
in year 1991 and MWR(34.8°C) in year 1993. In
month May the temperature is ever-recorded
extreme maximum temperature at GND (47.3°C),
PRB (46.5°C), KLP (42.3°C), SLP (46.0°C) and
MWR (35.5°C) in year 1988, and YOT (46.6°C) &
JLG (48.4°C) in year 1989 and NSK (42.9°C) in
year 1995. In April it became ever-recorded extreme
maximum temperature at NSK (42.4°C) in year
1983. The highest value of extreme maximum
temperature among these stations up to year 2000
is 48.4°C recorded at JLG on 28th May 1989.

From Figs.4(a-i) extreme minimum temperature
anomaly from ever-recorded extreme minimum
temperature up to 1980 is -ve low in January at
YOT (-1.7) & RTN (-0.7) in year 1991 and GND
(-0.1) & VNG (-0.6) in year 1995. In February it is
-ve low VNG (-1.2) & RTN (-0.4) in year 1997 &
1992 respectively. In December it is -ve low at AGD
(-1.0) & NSK (-2.8) in year 1983, GND (-1.5) & MWR
(-0.8) in year 2000 & 1981 respectively. In case of
negative and low anomalies, extreme minimum
temperature is generally associated with cold wave
in Maharashtra and its neighbourhood regions.

From Table 2 it is seen that monthly mean
minimum temperature during winter months occurs
low in December at AKL, CPR, GND, NGP, PRB,
YOT, AGD and SLP in the range: 12.1° to 15.5°C.
However, it is low in January at JLG, NSK, PNE,
KLP, MWR, MUM, RTN and VNG. In monthsDecember to February it is low in the range: 10.2° to
14.6°C at PNE, NSK and JLG. It is higher at coastal
stations-MUM, VNG and RTN from 16.4° to 20.2°C.

During the years 1981 - 2000 monthly extreme
minimum temperatures in December became everrecorded extreme minimum temperature at MWR
(6.4°C) in year 1981, AGD (4.0°C) & NSK (2.2°C)
in year 1983 and GND (5.0°C) in year 2000. In
month January it became ever-recorded at RTN
(11.5°C) & YOT (6.4°C) in year 1991 and at GND
(6.6°C) & VNG (11.3°C) in year 1995. In month
February it became ever recorded at RTN (12.9°C)
in year 1992 and VNG (11.6°C) in year 1997.

Ever-recorded extreme minimum temperature
up to 1980 has low values at NSK, PNE, CPR, NGP,
PRB, SLP, MUM and RTN in month January. It is
low over AKL, YOT, AGD & MWR in February, and
over GND, KLP & VNG in December, whereas it is
low over JLG in both months December and
January. During winter months it is less or equal to
5°C at AKL, CPR, JLG, AGD, NSK & PNE and is
higher at other stations.
It is seen from Figs.3(a-i) that extreme minimum
temperature anomaly from monthly mean minimum
temperature is negatively high order i.e.-6.6° to
-11.4°C in the month February at JLG, PRB, AGD,
AKL and YOT in year 1993, NGP in year 1994 and
GND in year 1997. In January it is negatively high
i.e. -5.2° to -8.8°C at PNE, KLP, RTN and MWR in
year 1991 and CPR in year 1986. During December
it is negative high order i.e. -6.9° to -9.4°C at NSK,
SLP, MUM and VNG in year 1983, 1995, 1987 and
1988 respectively.
The anomaly is positive in month January at
GND (0.1) & AKL (0.3) in year 1982, CPR (0.2) &
PRB (1.2) in year 1985 and MWR (0.2) in year 1990.
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4.

Conclusion

(i)

Monthly extreme maximum temperature
during the period 1981-2000 became everrecorded extreme maximum temperature in
month June at PRB, YOT, AKL, GND, AGD
and MUM in year 1995, NSK in year 1991,
KLP in year 1987 and MWR in year 1993. In
month May it became ever recorded at GND,
PRB, KLP, SLP and MWR in year 1988 and
YOT & JLG in 1989. In month April it became
ever recorded at NSK only in year 1983.

(ii)

During this period monthly extreme maximum
temperature in May and June has increased
at some places of Maharashtra state,
particularly in Vidarbha and Madhya
Maharashtra region.

(iii)

Monthly extreme minimum temperature
during this period became ever- recorded
extreme minimum temperature in January at
YOT & RTN in year 1991 and GND & VNG in
year 1995. It became ever- recorded in
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TABLE 2
Sr.
No.

Station

Height
in
meter

Monthly
Mean Max.
Temp. in °C

Ever-Recorded
Extreme Maximum
Temperature up to
1980 in °C

Dec.

Jan.

Feb.

Dec.

Jan.

Feb.

1.

Akola (AKL)

309

13.2

13.5

15.7

3.9
(08,1883)

3.9
(08,1937)

2.2
(09,1887)

2.

Chandrapur (CPR)

193

12.8

13.9

16.7

3.9
(19,1883)

2.8
(10,1899)

3.9
(02,1905)

3.

Gondiya (GND)

313

13.0

13.1

15.6

6.5
(29,1968)

6.7
(03,1951)

6.7
(12,1950)

4.

Nagpur (NGP)

310

12.1

12.4

15.0

5.5
(29,1968)

3.9
(07,1937)

5.0
(12,1950)

5.

Parbhani (PRB)

423

13.4

13.8

16.4

4.8
(10,1971)

4.4
(08,1945)

6.1
(07,1949)

6.

Yeotmal (YOT)

451

15.0

15.4

17.8

7.5
(13,1970)

8.1
(16,1968)

7.2
(11,1950)

7.

Jalgaon (JLG)

201

12.4

11.9

14.6

1.7
(03,1937)

1.7
(07,1945)

3.9
(01,1943)

8.

Kolhapur (KLP)

570

15.0

14.6

16.0

8.6
(28,1968)

8.7
(06,1962)

9.3
(13,1961)

9.

Pune (PNE)

559

12.0

11.4

12.7

3.3
(27,1968)

1.7
(17,1935)

3.90
(01,1934)

10.

Nasik (NSK)

598

11.6

10.2

11.7

5.0
(31,1954)

0.6
(07,1945)

0.9
(14,1972)

11.

Solapur(SLP)

479

15.5

16.0

18.0

6.7
(14,1945)

4.4
(07,1945)

6.1
(02,1911)

12.

Mahabaleshwar
(MWR)

1382

13.9

13.4

14.9

7.2
(30,1977)

5.6
(21,1968)

3.9
(01,1942)

13.

Aurangabad(AGD)

581

14.0

14.2

16.3

5.0
(30,1902)

3.9
(07,1945)

2.2
(02,1911)

14.

Mumbai (MUM)

015

18.2

16.4

17.3

10.6
(20,1949)

7.4
(22,1962)

10.0
(10,1950)

15.

Ratnagiri(RTN)

067

20.2

19.1

19.6

13.9
(27,1968)

12.2
(04,1966)

13.3
(13,1901)

16.

Vengurla(VNG)

009

18.8

18.1

18.6

10.6
(30,1954)

11.9
(04,1966)

12.8
(11,1950)

* Figures in brackets indicate date and year.
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January

February

Fig.3(a-i) Extreme minimum temperature anomaly from mean monthly minimum temperature. X–axis (years) and
Y-axis (Temp. Anomly in °C)

December

90

January

February

Fig.4(a-i) Extreme minimum temperature anomaly from ever-recorded extreme minimum temperature. X–axis (years) and
Y-axis (Temp. Anomly in °C)

December
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Analysis of squalls over New
Delhi and forecasting of
maximum probable gust speed

ABSTRACT
Thunderstorms are a frequent occurrence through out the year in the tropical regions. Many parts of India are
also affected by thunderstorms ranging from dust storms in Rajasthan to Nor'westers in West Bengal. Thunder
squalls associated with the thunderstorms are significant micro scale phenomena in terms of their damaging
potential. Onset of squalls bring drastic changes in the basic meteorological parameters as well as other ground
conditions like visibility and mean wind speed considerably affecting the aviation activities. In this paper,
attempt has been made to analyse the physical characteristics of the squalls over Delhi and to forecast the wind
speed associated with evening/night squalls using downrush temperature.
Key words: Squall, Gust, Downrush temperature, Gale, Peak velocity

1.

Introduction

were used to collect the data of occurrences of
squalls. For each of the thunder-squall event,
anemographs were studied to find:

Thunderstorms are the most exhilarating
phenomena occurring in the nature. It is one way
of restoring the stabilities in the atmosphere. From
the aviation point of view, it is of utmost
importance to study and analyze the weather
associated with thunderstorms from its genesis
to its dissipation. Thunderstorms are sometimes
associated with squalls of varying wind speeds
and duration. Squall is defined as the sudden
increase in the mean wind speed in three stages
on Beaufort scale upto 22 knots or more for at
least a minute. The gust of wind associated with
the thunderstorms has enough strength to cause
structural damages. Basu and Mondal(2002)
have tried to forecast squall propagation speed
over Kolkata region during pre-monsoon season
by correlating the radar echo positions with midtroposphere (700-500hPa) winds and CAPE. A
dynamic model by Betts et al. (1976) to simulate
the characteristics of squall line was found
effective in determining the propagation speed of
squall. The scope of this paper is to study the
climatology of squalls during different seasons
and forecast the probable gust wind associated
with it.

2.

a)

Time of start and end of the gusty winds

b)

Wind direction and speed in squall

c)

Maximum gust speed associated with the
squall

The year has been divided in four seasons as per
the meteorological conventions into winter (JanFeb), pre monsoon (March-May), monsoon (JuneSept) and post monsoon (Oct-Dec). Month-wise
and season-wise analysis of squalls with respect
to speed, direction and frequency has been carried
out.

3.

Results and discussions

3.1 Seasonal and diurnal distribution
During the eight years under study, 92 squalls were
recorded averaging about 11-12 in a year. Pre
monsoon (45%) and Monsoon (49%) account for
most of thunder squalls (Table 1). Maximum
frequency of squalls is in the month of May (24%)
followed by June (20%), July (15%) and April (14%).
November and December are devoid of any squall
activity (Fig.1). Majority of the squalls during pre
monsoon season occur during late evenings/night
(18-21 and 21-24 hrs IST) but this activity is more
during evening hours (15-18 hrs IST) in the
monsoon season (Fig. 2).

Data analysis

Surface data for the period 1993-2000 was taken
to find the instances of the squall occurrences at
Safdarjung airport New Delhi. Daily Weather
Reports of Regional Meteorological Center, Delhi
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squalls followed by westerly (24%) and southwesterly (13%). The squalls from easterly and
southeasterly direction are found to have the
minimum frequency (4% each). In general, squalls
occurring during pre-monsoon season have
stronger winds associated with them. This may be
because of the higher instability during the premonsoon season as indicted by the higher CAPE
values during this season (Fig.3a). Further analysis
of the data shows that about 2/3rd of the squalls occur
with wind speeds upto 33 knots only (Fig. 3b).

Fig.1. Monthly distribution of squalls

Fig.3a. Average CAPE of squall days in different
seasons

Fig.2. Diurnal variation of squalls during different
months.
3.2 Direction and speed
The number of occasions on which squalls occurred
from different directions along with their speeds is
shown in the Table 1. An occasion of squall coming
from east-northeast (ENE) has been counted as ½
the occasion for northeast (NE) and ½ the occasion
for east (E) and so on. Northwesterly is the most
prevalent direction (27%) for the occurrence of

Fig.3b. Percent occurrence of squalls at different
speeds

TABLE 1
Directional distribution of squalls (along with their average speed in parentheses)
during the four seasons
Seasons
Winter

Northerly

Northeasterly

Easterly

South- Southerly
easterly

SouthWesterly

Westerly

North
Westerly

Total

%

0

0

0

0

1(31)

0

0

2(25.5)

03

3

PreMonsoon

5 (27)

4(40)

1(35)

2(40)

2(38)

5(37)

9½(32)

12½(34)

41

45

Monsoon

5(28)

5(33)

3(27)

1½(41)

3½(31)

5½(33)

12½(31)

9(36)

45

49

PostMonsoon

0

0

0

0

0

2(33)

0

1(43)

03

3

10

09

04

3½

6½

12½

22

24½

92

-

11 %

10%

4%

4%

7%

13%

24%

27%

-

Total
%
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3. 3 Duration and peak velocity
The squalls that hit the airport are generally of
shorter duration (1-2 minutes) but gusts of higher
speeds may continue intermittently over a longer
period of time. Average wind speed of all the gusts
over a period of time of an event has been
considered to find the relation between wind speed
and their duration. The time of commencement has
been taken as the time when sudden or rapid
increase in wind speed (22 knots and above)
occurred and the time of termination is when the
speed fell below 22 knots. On examination of Fig.4,
it appears possible to draw the inference that the
duration of the events with higher average gust
speeds is shorter.

as follows:
V = 13√ T - downrush temperature
where V is the maximum gust speed (kmph) and T
is the ambient temperature (ºC). Based on this, a
lookup table was developed (Table 2) for
forecasting the gust speeds.
In the present study, an attempt has been made
to predict the maximum gust speed at Delhi
associated with the squalls occurring in the evening/
night (1730 hrs IST to 0000 hrs IST) as nearly 45%
of the squalls occur during this period. Out of the
total 92 cases of squalls under study, a sample of
19 during the period from 1995-1998 has been
considered to verify the Fawbush and Miller
technique and also to develop an operational tool
for predicting the maximum gusts. The following
procedure was adopted:

Fig.4. Duration of gust events Vs peak wind
speeds
4.
Forecasting of maximum surface gust
The synoptic observations along with radar reports
are generally used subjectively to forecast the
time, direction and speed associated with the
squalls. The gust is more important than the mean
wind speed as more often than not, they are the
cause of loss of life and damage to the property.
The strength of the gust associated with the
thunderstorms, therefore, assumes great
importance.

(i)

The peak gust wind speeds of 19 cases of
thunderstorms with the squalls occurring
during 1730 hrs IST to 2400 hrs IST of the
same day was taken from dines-PT
anemograph.

(ii)

The saturation adiabate is traced downwards
from the intersection of the wet bulb curve with
0°C isotherm and the downrush temperature
is calculated at the intersection with surface.

(iii)

The difference between the ambient
temperature (T) and the downrush
temperature has been used as a guide to
determine the peak gust speeds.

Fig.5(a) shows the observed speeds as per the
dines-PT anemograph and forecast speeds as per
Fawbush and Miller technique, associated with the
difference of ambient and downrush temperatures

It has been found that the temperature of
strong downdrafts reaching the earth is very close
to the surface temperature of the saturation
adiabate through the intersection of wet bulb
temperature curve and 0 isotherm (Brancato,
1942). The relationship between the temperature
difference of surface air underneath the storm
(downrush temperature) and in advance of the
storm (ambient temperature) with the peak gust
wind speeds has been used (Fawbash and Miller,
1954) to calculate the gust speed associated with
the thunder squalls. They developed an empirical
relationship between maximum gust speeds and
difference of ambient and downrush temperature

Fig.5(a).
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Forecast and observed gust wind speeds
at different T- downrush temperatures

TABLE 2
Look up table (Fawbush & Miller) for Maximum gust speeds
T- Downrush temperature
(°C)

Maximum gust speed winds
(kmph)

3

17

4

20

5

23

6

26

7

29

8

32

9

35

10

37

11

39

12

41

13

45

14

47

15

49

16

51

17

53

18

55

19

57

20

58

21

60

22

61

23

63

24

64

25

65

for the 19 cases under study. The observed speeds
are in general agreement with forecast speeds,
except for a few cases.
The relationship between ambient and
downrush temperature difference and the observed
gust speeds [Fig. 5(b)] shows that there is a general
increase in the gust speeds with the increase in
the difference of ambient and downrush
temperatures. Though there is scatter around the
linear trend, the technique has a potential to be used
as a guiding tool for predicting the peak gust speeds
associated with squalls.

Fig.5(b). Relationhip between wind speeds and Tdownrush temperatures
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5.

Conclusions

(i)

Pre monsoon and monsoon are the most
preferred seasons for occurrence of squalls.

(ii)

Maximum frequency of squalls is in the month
of May followed by June.

(iii)

Majority of the squalls during pre monsoon
season occur during late evenings/night and
during evening in the monsoon season.

(iv)

Most of the squalls occur in late evening /
night.

(v)

Only about 1/3rd of the squalls have gale
speed winds (more than 33 knots).

(vi)

(viii) Difference between ambient and downrush
temperature can be a useful forecasting tool
for operational use.
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Wheat yield prediction using
CERES-Wheat model for
decision support in agro-advisory

ABSTRACT
Pre harvest yield estimate of the crop for the country is important for policy makers in the government for
further course of action planning. In the present study efforts are made to estimate the wheat yield for the year
2009-10 using CERES-Wheat crop growth simulator embedded in DSSAT v4.0. A methodology has been
developed and simulations were made under irrigated condition for the 15 wheat-growing locations representing
different agroclimatic zones of the country. Daily weather data on maximum and minimum temperatures,
rainfall and bright sunshine hours were used for 15 locations for the two winter seasons, current season 20092010 and previous season 2008-09. Two dates of sowing representing normal and late sown conditions for
each zone were taken up for the study. Genetic coefficients required for running the CERES-Wheat V4.0 model
were used for commonly grown cultivars i.e. PBW-343, RAJ-3765, Malviya-234, HUW-234 and C-306 at
different locations.
Simulated results indicate that wheat crop yield in Uttar Pradesh during the crop season 2009-10 is slightly
affected due to rise in temperature encountered at grain filling stage in the month of March. Under normal
sown condition wheat yield prediction during 2009-10 is ~1% less compared to 2008-09 in Uttar Pradesh
while increase in grain yield by ~4% in North West India and ~18% in East India respectively.
In case of late sown condition, crop model shows reduction in grain yield in North West India and Uttar
Pradesh and increase over East India. During March 2010 maximum and minimum temperature remained
above normal almost throughout the month over most parts of the country. Maximum temperatures were
above normal by 4-8°C over northwest, east, central and adjoining peninsular India. The predicted wheat yield
deviated from 2008-09 in North West India and Uttar Pradesh was ~ 4% and ~23% respectively. While there
is ~8% more yields in East India during 2009-10 compare to year 2008-09.
Key words: CERES-Wheat model, Genetic coefficients, Yield prediction, Climatic variability and extreme
weather.

1.

abnormalities like hailstorm, frost, high wind,
extreme temperatures and foggy condition during
wheat growing (Rabi) season leads to natural
disasters affecting wheat productivity. Over the past
few years, the per hectare yield of wheat in India
has fallen due to the temperature rising steadily in
January, February and March, a time most crucial
for the wheat crop Singh et al, 2010, Singh et al,
2011; Shantha 2002). During January and February
of 2006 temperatures kept rising steadily due to
prolonged absence of rain. The average day and
night temperatures have been 4-6°C higher than
the normal, most striking during February, in wheat
sowing region of the country. With the raised
temperatures, crop matures early. The response
to temperatures varies with the stage of
development, mainly booting (late ear

Introduction

Wheat (Triticum aestivum L.), one of the important
staple foods in India, is grown under diverse sets
of agro-climatic conditions. It is grown in the region
within latitudes 15° to 32° N, and longitudes 72° to
92°E both under irrigated and rainfed conditions.
Punjab, Haryana, Uttar Pradesh, Uttaranchal,
Madhya Pradesh, Rajasthan and Bihar are the
leading states of India contributing more than 90
per cent of the wheat for the country. India is now
the 2nd largest wheat producer in the world after
China. Wheat is sown during November to
December and harvested during March to April. The
wheat-marketing season in India is assumed to
begin from April every year.
Increased climatic variabilities and weather
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development), anthesis (pollination and fertilization)
and grain growth (Attri et al. 2012).
Year 2010 began with dense fog and cold day
conditions prevailing over most parts of IndoGangetic Plains in the month of January. However
February was near normal in respect of both
maximum and minimum temperatures which was
favorable and beneficial for the wheat productivity.
March is generally known as the transition
month from winter to summer conditions with a
gradual increase in both the maximum and
minimum temperatures over the country particularly
over northern and central parts. However, on some
occasions, this transition is abrupt in day
temperatures crossing 40°C leading to development
of heat wave conditions in some parts of the country.
(Singh et al, 2010).

Fig.2. Minimum temperature (°C) anomaly in India
for the month of March 2010
Agromet Advisory Bulletin April- 2010). The extreme
hot weather at harvest time in March 2010 resulted
in lower-than-normal grain moisture levels, further
contributing to a potential yield reduction (The
Hindu: Business/ Economy, New Delhi, 5 May,
2010).

During the month of March, 2010, maximum and
minimum temperatures remained above normal
almost throughout the month over most parts of the
country in general and wheat grown region in
particular (Fig.3). The Maximum temperatures
increased considerably from the beginning of third
week of March when they crossed 40°C mark at
some places over Gujarat and south Rajasthan.
Subsequently during the third week, the region of
high maximum temperatures (40°C and more) has
extended into the remaining parts of Gujarat &
Rajasthan and many parts of west Madhya
Pradesh, Chhattisgarh, Jharkhand and south Uttar
Pradesh. Maximum temperatures were above
normal by 4-8°C over northwest, east, central and
adjoining peninsular India (Figs.1, 2 & 3) (National
Exceptionally high temperature during
March 2010

Fig.1. Maximum temperature (°C) anomaly in
India for the month of March 2010

Fig.3 Contd. on.........
98

rate of grain filling (Al-Khatib and Paulsen, 1984;
Randall and Moss, 1990; Stone et al., 1995; Wardlaw
and Moncur 1995; Mall and Singh 2000; Aggarwal
et al. 2000), while highest temperature imposed
before anthesis can also decrease yield (Wardlaw
et al., 1989; Tashiro and Wardlaw, 1990; Hunt et al.,
1991; Aggarwal and Kalra 1994). In wheat season,
high temperature episodes occurring near to anthesis
can reduce the number of grains per year and the
subsequent rate of decrease in harvest index,
resulting in smaller grain yields (Wheeler et al.,
1996b). Aggarwal and Kalra (1994) and Saseendran
et al.(1998) have used crop models to evaluate
climatic yield potential for different regions. Wheat is
a crop, which needs low temperature for the kernel
to form during booting stage. During current season
crop has not encountered increased temperature at
booting and anthesis stages but the temperature was
significantly higher than normal during grain filling
period thus adversely affecting the grain filling
process.

Fig.3 Contd.

Fig.3. Relation between observed and normal
temperature (°C) of representative station

Pre-harvest yield estimates of crop for the
country are important for policy makers in the
government for further course of action in planning.
Presently two approaches are in use for making
real time yield estimates of wheat for its use by
Ministry of Agriculture, Govt. of India. First approach
employs multiple regression technique based on
both weather parameters and technological trend
while second method, primarily regression
approach, uses remote sensing information on crop
condition and acreage to produce state wise crop
yield estimates. Wheat yield prediction is better
performed if crop simulation model is linked to
remote sensing information to address spatial
variability. Also FASAL (Forecasting Agricultural
Output using Space, Agrometeorology and Land
based observations) scheme launched by Govt. of
India provides a unique opportunity to use the stateof-art high science geospatial tools like crop
simulation model, remote sensing information,
Geographic Information System (GIS) to generate
district crop yield forecast for operational use.

Wheat crop response to temperature varies with
the stage of development, mainly germination,
tillering, booting (late ear development), anthesis
(pollination and fertilization) and grain growth (a week
after anthesis to maturity). In wheat, day temperature
greater than 310C after anthesis can decrease the

CERES-Wheat crop simulation model has
been widely tested and validated under diverse
agro-climatic conditions in different states of India
for various uses such as prediction of growth
stages and crop duration, grain yield simulation,
effect of planting dates on crop yield and water
99

requirement, water scheduling, nitrogen management
(Nain et al. 2004). Several studies have indicated
decrease in yield of crops as temperature increase
in different parts of India. The studied carried out
by Sinha and Swaminathan (1991) and Aggarwal
and Karla (1994), show that on 2°C increase in
mean temperature, rice yield could decrease by
about 0.75 t/ha in the high yield and by about 0.06
t/ha in low yield costal region. A temperature rise
by 0.5°C in winter temperature is projected to
reduce rainfed wheat yield by 0.45 t/ha in India (Lal
et al. 1998). Attri et al. (2001) and Lal et al. (1998)
have reported that dynamic models have capability
for reasonably simulating growth attributes of wheat
cultivars. Sharma and Kumar (2006) and Kiani et al.
(2003) reported that the model predicted grain yield
fairly well with difference between simulated and
observed grain yield less than 10 %. The
association between simulated and observed grain
yield was significant (R2= 0.7205) and also reported
Nain et al (2004).
In this process, the genetic coefficients were
derived by research workers for many wheat
cultivars widely grown by farmers. Thus the crop
model can be used for real time yield prediction
during cropping season. Hundal and Kaur (1999),
Saseendran et al. (1998) have validated CERESRice V3.0 model in Kerala and found error of 4 days
and 2 days in flowering and maturity dates,
respectively. The grain yield and straw yield
predicted by the model lie within a range of 3 %
and 27 % respectively.
Sharma and Kumar (2006) reported similar
results while validating for grain productivity of all
wheat varieties and the association between
simulated and observed grain yield was significant
(R2= 0.8044). This shows that model was validated
with a fair degree of accuracy under the given set
of agronomic management, weather conditions
and this can be used to work out management
practices for yield maximization in north western
Himalayan region. Sharma and Kumar(2006),
Timsina et al.(1995) and Heng et al. (2000) reported
deviation of simulated yield over observed values
ranging from -10.6 to 20.6 percent in different
treatments.
In the present study authors have attempted to
make a pre-harvest estimate of the wheat yield for
the year 2009-10 using DSSAT crop growth

simulation model CERES-Wheat v4.0. Crop yield
simulation runs were made under irrigated condition
for 15 wheat-growing locations in India. As wheat
cultivation is mostly irrigated and recommended
NPK is applied, productivity of a given cultivar is
primarily governed by the weather, particularly
temperature and radiation. As the wheat season
2008-09 contains observed weather series, yield
estimates provided by CERES-Wheat model for
season 2008-09 can be treated proxy to the
observed yield. Yield prediction for different regions
in terms of deviation from the previous season was
also discussed.

2.

Data and method

2.1 CERES-Wheat model
Crop models which share a common input and
output data format have been developed and
embedded in a software packages called the
Decision Support System for Agrotechnology
Transfer (DSSAT). DSSAT is a shell that allows the
users to organize and manipulate crop, soil and
weather data, to run crop models in various ways,
and to analyse their outputs (Jones and Kiniry,
1986; Tsuji et al., 1994). The models running under
DSSAT include the CERES (Crop Estimation
through Environment and Resource Synthesis)
model for rice, wheat, maize, sorghum, pearl millet
and barley, CROPGRO model for pulses,
CANEGRO for sugarcane, and SUBSTOR for root
crops, and model for cotton and vegetables.
The CERES-Wheat model simulates the
following process on a daily basis, viz. (1)
Phonological development of the crop as its effected
by the genetic characters of the crop variety studied
and weather; (2) growth of leaves, stems and roots;
(3) biomass accumulation and partitioning among
leaves, stem, spikelet, grains and roots; (4) soil
water balance and water use by the crop; (5) soil
nitrogen transformations and uptake by the crop
(Alocilja and Ritchie, 1988). The phonological
stages simulated by the model are (1) Sowing (2)
germination (3) emergence (4) panicle initiation (5)
end of vegetative phase (6) beginning of grain filling
(7) end of grain filling (8) physiological maturity. The
model provides simulations at daily time steps from
sowing until physiological maturity. Simulation of
the duration of each phonological stage make use
of the concept of thermal time or degree days and
photoperiod as defined by the genetic characteristics
of the crop. The soil water balance has been
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adapted from the model of Ritchie and otter (1985).
The CERES-Wheat model include detailed soil and
plant nitrogen balance components which simulated
nitrogen uptake, nitrogen fixation and nitrogen
mobilization (Hoogenboom et al.,1991).
2.2 Input data
The input data required to run the CERES-Wheat
v4.0 Model include daily weather data, soil albedo,
soil water drainage constant, field capacity, wilting
point and initial soil moisture in different layers as
well as maximum root depth, crop genetic
coefficients and management practices such as
sowing date, plant population, plant row spacing,
planting distribution, seeding depth, planting
method, irrigation date, irrigation soil depth,
available soil water and nitrogen application (Tsuji
et al. 1994).
2.2.1 Weather data base
Daily observed weather data on maximum and
minimum temperatures, rainfall and radiation for
15 locations representing wheat growing regions
of the country has been used for the two winter
seasons, current season 2009-2010 and previous
season 2008-09 (Table 1). Daily solar radiation
was derived from bright sunshine hours using
Angstrom's formula.
TABLE 1
Wheat growing locations for the study
Regions

Locations (representing
different agroclimatic zones)

North India

Jammu, Ludhiana, Hisar, Delhi,
Palampur, Pantnagar & Jaipur

Uttar Pradesh

Faizabad, Allahabad, Kanpur
& Varanasi

East India

Kalyani, Ranchi,
& Jagdalpur

Raipur

For the current season 2009-10, observed data
at all the locations is taken up to 20 March. From
21 March, one-week (7 days) medium range
weather forecast was incorporated and thereafter
28th March onwards daily normal data was spliced
in for the remaining period to complete the crop
season in the current year. Weather predicted in
medium range by operational NWP model at IMD
showed temperature above normal from mid March

onwards, appreciably (4°C to 8°C) above normal
in the 4th week of March 2010 (National Agromet
Advisory Bulletin-2010; Attri et al. 2012). This
adverse effect is considered in crop simulation
model. Further continuing high temperature after
27 March 2010 is not simulated by crop model as
the daily normal data is spliced in to complete the
daily time series till the harvest of crop.
2.2.2 Soil data
Soil input files include physical and chemical
description of the soil profile with separate
information for each horizon, soil reflection
coefficient, Stage-1 soil evaporation coefficient, soil
water drainage constant, USDA SCS Runoff curve
number, thickness of soil layer, permanent wilting
point and field capacity, saturated water content,
pH for each layer of the soil profile, root distribution
weighing factor in different layer and Initial soil water
content for soil layers for the study area as given in
Table 2 (Ritchie, 1991). Total extractable soil water
is function of soil physical characteristics as well
as rooting depth.
2.2.3 Crop data
Crop cultivars considered in the study are major
dominant medium duration (varying from115-140
days) varieties grown by the farmers of the region
as depicted in Table 2. Water and nitrogen
management in the model is as per agronomical
recommendations widely accepted in different
agroclimatic zones. Other crop management
conditions are chosen as per the current field
practices at the selected sites. Two dates of sowing
for each zone were taken up for the study. Normal
sowing dates are 15 November, 10 December and
01 December for North West India, Uttar Pradesh
and East India respectively and late sown conditions
are 25 November, 25 December and 15 December
respectively. The management practices considered
for this study are plant population 90-plants/m2, row
spacing 20 cm and planting depth 5 cm.
2.2.4 Genetic coefficients
Crop genetic input data, which explains how the
wheat cultivars during its life cycle responds to
the environment, has been developed for
different cultivars PBW-343, Raj-3765, Malviya234, HUW-234 and C-306 (Singh et al 2010).
Genetic coefficients of these cultivars developed
by taking the recent field experiment conducted
at Raipur, Faizabad and Jaipur are given in
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TABLE 2
Soil water holding characteristics and cultivars at different locations
Zones

Locations

North India

Jammu

Sandy

Uttar Pradesh

East India

Soil

Soil depth
(cm)

Cultivar

loam

70

PBW-343

Palampur

Silty clay loam

90

PBW-343

Ludhiana

Sandy

loam

150

PBW-343

Hisar

Sandy

loam

150

PBW-343

Delhi

Sandy

loam

150

PBW-343

Pantnagar

Sandy

loam

105

PBW-343

Jaipur

Sandy

loam

150

RAJ-3765

Kanpur

Silty

loam

150

Malviya-234

Faizabad

Silty

loam

150

HUW-234

Allahabad

Sandy

loam

150

Malviya-234

Varanasi

Sandy

loam

150

Malviya-234

Ranchi

Sandy
Clay

loam

80

C-306

Raipur

Vertisol

120

C-306

Jagdalpur

Vertisol

90

C-306

Kalyani

Silty clay

150

PBW-343

Table 3. Crop models have been evaluated and
used for working out the management practices
in India and abroad (Jones et al., 2003; Bishnoi
et al. 1996; Hundal and Kaur, 1997). The
genotypic coefficients of this model need careful
fine tuning to represent the Indian cultivars.
These finding are in conformity to those of Attri

et al. (2001), Hunt et al. (1993), Kumar
(2002),Kumar and Sharma (2006), and Sharma
and Kumar. (2006).Thus, CERES Wheat model
validated in different agroclimatic regions with
satisfactory performance can be directly used
in analyzing crop performance and yield
prediction.

TABLE 3
Genetic coefficient for different genotype in the agroclimatic zones of India
Growth and development aspects of wheat crop

Genetic coefficient
PBW-343 RAJ-3765

Malviya-234

HUW-234

C-306

Development aspects
Optimum Vernalizing Temp (P1V)

20

Critical Photoperiod(P1D)
Grain-filling duration coefficient(P5)

20

20

20

20

80

80

80

90

85

650

750

700

770

595

23

20

20

23

20

Growth aspects
Kernel number coefficient(G1)
Kernel size coefficient(G2)

45

47

45

34

40

Single tiller weight (G3)

1.5

1.7

1.7

1.3

1.4

Tip leaf appearance interval(PHINT)

95

95

91

95

95
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3.

Results and discussion

CERES-Wheat model runs were made for the wheat
season 2008-09 and 2009-10 for different locations
under normal and late sown conditions. The
simulated grain yield, grain number and maturity
dates at different locations of 3 regions are shown in
Figures 4.1, 4.2 and 4.3 under normal sown condition
and Figures 5.1, 5.2 and 5.3 for late sown conditions.
Also, the yield prediction in percent deviation from
the season 2008-09 is sown in Figure 6.

3.1 Normal sown crop
Grain yield predicted for both the seasons under

Fig.4.1.Simulated grain yield, grain number and
maturity period for current and previous year
(normal sown): North West India

normal sown conditions (Fig. 4.1) lies in the range of
4700 kg/ha at Jammu to 6200 kg/ha at Hisar in NW
India. Many stations show the increase in yield over
previous season except Hisar and Palampur where
trend is reverse. Grain number in the current season
at all the locations is higher that might be due to
favorable temperature in the February 2010
compared to February 2009. The month of February
corresponds to the period of booting and anthesis.
There is a sign of increase in days to maturity
predicted in the current season but marginally by 1
to 3 days depending on respective weather at
individual stations in NW India. A detailed
comparative analysis of pre-anthesis and postanthesis period indicates vegetative period in the

Fig.4.2.Simulated grain yield, grain number and
maturity period for current and previous year
(normal sown): Uttar Pradesh
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current season to be longer by 2 to 6 days (lower
temperature in current season) and grain filling period
to be shorter by 1 to 4 days over previous season.

locations Faizabad and Allahabad.

As shown in Fig. 4.2 for Uttar Pradesh region,
crop model predicts higher yields 50 q/ha and
47 q/ha at Allahabad and Kanpur respectively in
the current season while yield predicted at Faizabad
and Varanasi are lower compared to previous
season. Similar trend is predicted for grain number/
m2 in U.P. Days to maturity is higher at Kanpur by 2
days and at Varanasi by 4 days over previous
season while difference is only 1 day at other 2

Grain yield predicted in Fig. 4.3 is higher at all
the 4 locations in east India region during current
season compared to previous one. Grain yield
varies in the range of 30 q/ha at Raipur to 46 q/ha
at Ranchi. The increase in yield in current season
is more pronounced at Kalyani followed by Raipur
and Jagdalpur. Similar trends in the prediction of
grain number/m2 are noticed. Maturity period in
current season is longer compared to previous
season at all the locations except at Jagdalpur
where it is shorter by 2 days.

Fig.4.3.Simulated grain yield, grain number and
maturity period for current and
previous year (normal sown): East India

Fig.5.1.Simulated grain yield, grain number and
maturity period for current and previous
year (late sown): North West India
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Fig.6 explains the per cent deviation in wheat
yield prediction compared to season 2008-09 at all
the locations in 3 regions.
The region wise average simulated yields for
both the seasons 2008-09 and 2009-10 were 47.8
and 46.2 q/ha for Uttar Pradesh; 52.2 and 54.5
q/ha for North West India; and 34.7 and 42.3 q/ha
for East India respectively. Per cent deviation in
wheat yield prediction compared to season 200809 is ~1.2 % less in Uttar Pradesh, ~3.4% increase
in NW India and ~18% in East India respectively.

3.2 Late sown crop
Grain yield predicted for current season (Fig. 5.1)
lies in the range of 4000 kg/ha at Jammu to 6000
kg/ha at Pantnagar in NW India. There is a decrease

in yield compared to previous season except Jaipur,
Pantnagar and Palampur where marginal increase
is noticed. Similar trend in grain numbers in the
current season at all the locations is observed. Days
to maturity predicted in the current season is less
compared to that in previous season at all the
locations. A comparative analysis of pre-anthesis
and post-anthesis period indicates vegetative
period in the current season to be more by 2 to 4
days and grain filling period to be shorter by 2 to 8
days over previous season. Maximum temperature
was above normal by 4-8°C during March and
beginning of April 2010 over northwest India. Daily
temperature (maximum, minimum, mean)

Fig.5.2.Simulated grain yield, grain number and
maturity period for current and previous
year (late sown): Uttar Pradesh

Fig.5.3.Simulated grain yield, grain number and
maturity period for current and previous
year (late sown): East India
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departures over western & central Himalayan
region were even more than 10°C on some days.

Grain yield predicted in Fig. 5.3 is higher at all
the 4 locations in east India region during current
season compared to previous one. Grain yield
varies in the range of 2700 kg/ha at Raipur to 4300
kg/ha at Ranchi. The increase in yield in current
season is more pronounced at Kalyani and Ranchi.
Increasing trends in predicted grain number in the
current season over previous one is observed. Days
to maturity simulated in current season shows a
mixed response as compared to previous season.

Locations in Uttar Pradesh region shows grain
yield varying from 3800 kg/ha at Faizabad to 4400
kg/ha at Allahabad in the current season which is
lower as compared to previous season (Fig 5.2).
Grain number/m2 predicted in current season in U.P.
is lower than those in previous season. Regarding
crop duration, both vegetative and reproductive
phase simulated in current season are reduced
marginally by 1 to 2 days as against previous one.
This was due to above normal maximum and
minimum temperatures almost throughout the
month of March in year 2010 over U.P.

Fig.6 explains the per cent deviation in wheat
yield prediction compared to season 2008-09 at all
the locations in 3 regions.
The region wise average simulated yields for
both the seasons 2008-09 and 2009-10 were 53.6
and 51.2 q/ha for NW India; 50.2 and 38.3 q/ha for
U.P.; and 32.1 and 35.4 q/ha for East India
respectively. Per cent deviation in wheat yield
prediction compared to season 2008-09 shows
decrease of ~4.0 % in NW India, ~23.0% in Uttar
Pradesh while there is ~ 10.0 increase in East India.

4.

Conclusion

The simulated result indicates increase in the grain
yield per hectare under the early sown condition
by ~10% in NW India while ~16% in Uttar Pradesh
and ~21% in East India over the previous year 200809. In case of late sown condition crop model
predicts reduction in grain yield per hectare by ~4%
in North West India while ~36 % in Uttar Pradesh.
There is ~9% more yield in East India while in case
of normal sown condition, model shows increase
in grain yield per ha by ~4 % in North West India,
~18 % in East India and reduction by ~10 % in Uttar
Pradesh. Number of grains/m2 are increased in all
three wheat growing zones ranging from 9-46 % in
early sown conditions due to cold condition
prevailing over most part of wheat growing region
in the month of January and February. Model
simulation indicates that crop matures earlier by
2-3 days in different zone in late sown condition.

Fig.6. Yield deviation for the different scenario for
crop season 2008-09

In present situation, yield forecast and weather
based agro-advisory to enhance the productivity is
important for various stakeholders (including
farmers, agri-clinics, researchers, extension offices,
policy makers and planners, agri-business
personals). Conventional ways are to be linked with
modern tools of crop models, relational data base
management, technical knowledge bank, remote
sensing and GIS for effective/efficient/accurate
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agro-advisory and yield forecast, well in advance,
for this large country, which has numerous agroecologies and production environments. As preharvest yield estimates of the crop for the country
is important for policy makers in the government
for further course of action in planning, this study
shows the efforts being made to achieve this target.
With the refining of this study (getting more data,
information, skills and knowledge) in future we may
be able to provide crop prediction at district or subdistrict scale.

5.

Limitations

Crop model simulation outputs are valid at a point
or small farm. It does not represent spatial feature
because of large spatial variability in the soil, rainfall,
management conditions etc. Other factors are
nutrients assumed to be in abundant supply in the
soil, so as not to cause any stress on crop. Similarly
loss due to weed, pest and diseases are also not
included in the model. Due to favorable weather
conditions the pest and diseases infestation may
cause loss to the crop that is not accounted at
present by the model. In general, the yield may be
higher than the observed, as model does not take
care of stress effects arising due to above
mentioned factors. So for forecasting on a regional
scale, a proper calibration factor needs to be
evolved for bringing down to realistic estimates.
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Study of Erythemal exposure
from daily OMI data for Meerut
city

ABSTRACT
The data of erythemal flux, total ozone and aerosol optical depth obtained from the Ozone Monitoring Instrument
(OMI) for the year of 2007-08 of Meerut have been examined. It has been observed that the value of Erythemal
flux for winter and pre-monsoon season, approximately increase 12% and 1% and decrease of 7% for monsoon
as well as post-monsoon season during the year 2008 as compared to the year 2007 respectively. The other
parameters like total ozone shows approximately 2% increase in winter and pre-monsoon season respectively.
The total annual average ozone amount for monsoon season of 2007 & 2008 almost remain the same except it
shows approximate 1% increase in the year of 2008 during post-monsoon season. The aerosol optical thickness
at 388 nm for winter, pre-monsoon, monsoon and post-monsoon season shows the 12%, 31%, 22% and 18%
respectively for the year 2008 along with the overall annual 19% increase as compared to the year 2007. The
annual average trend of total ozone and erythemal flux for the year 2007-08 does not differ appreciably. The
possible cause may be do rapid change in the urbanization or anthropogenic activities leads modifying the
temperature trend and weather activities.
Key words: Erythemal flux, aerosol optical depth, total ozone and ultraviolet (UV)

1.

Introduction
0

Meerut (28.5 N, 77.0° E) is an ancient metropolitan
city in the Indian state of Uttar Pradesh (U.P). It is a
part of National Capital Region of India. Meerut is
the 63rd fastest growing urban area in the world
(http://www.citymayors.com/statistics). OMI is
onboard the NASA Earth Observing System (EOS)
Aura spacecraft is a nadir-viewing spectrometer that
measures solar reflected and backscattered light
in a selected range of the ultraviolet and visible
spectrum. Ultraviolet radiation is divided into three
components: UV-A (315 to 400 nm), UV-B (280 to
315 nm) and UV-C (240 to 280 nm). The shorter
wavelengths that comprise UV-B are the harmful
portion of UV radiation that can reach ground level.
Atmospheric ozone shields life at the surface from
most of the UV-B and almost all of the UV-C. UV-A
and UV-B are reduced by a small amount from
Rayleigh scattering in the atmosphere. Cloud cover
reduces all forms of UV radiation. Ozone strongly
absorbs UVB, and UVB increased significantly at
the surface in the early 1990s because of
stratospheric ozone depletion (Kerr and McElory
1993; Herman et al., 1996). Chemical processes in
the atmosphere can affect the amount of ozone,
and therefore, the level of protection provided by

the ozone in the stratosphere and troposphere. This
thinning of hte atmospheric ozone leads to elevated
levels of UV-B at the earth's surface and increases
the risks of DNA damage and other cellular damage
in living organisms. The OMI instrument employs
hyper spectral imaging in a push-broom mode to
observe solar backscatter radiation in the visible
and ultraviolet. The hyper spectral capabilities
improve the accuracy and precision of the total
ozone amounts and also allow for accurate
radiometric and wavelength self calibration over the
long term. OMI continues the TOMS record for total
ozone and other atmospheric parameters related
to ozone chemistry and climate. An erythemal (or
sunburn) action spectrum has been introduced to
represent the average skin response over the UVB
and UVA spectral regions (McKinlay and Diffey,
1987). Weighting the UVB and UVA irradiances by
the action spectrum yields the erythemal effective
irradiance or "dose rate". This dose rate represents
the instantaneous amount of skin damaging UV
radiation. OMI produces noontime surface spectral
UV irradiance estimates at four wavelengths (305,
310, 324, and 380 nm). UV-A radiation can also
improve health by spurring the production of Vitamin D,
a substance that's critical for calcium absorption in
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bones and that helps stave off a variety of chronic
diseases. UV-B, which has slightly shorter
wavelengths (from 320 to 290 nm) damages DNA
by tangling and distorting its ladder-like structure,
causing a range of health problems such as skin
cancer and diseases affecting the immune system
(source: http://www.nasa.gov/topics/solarsystem/
features/uv-exposure.html.).
The accuracy of the algorithm developed by
Tanskanen et al (2006) for measuring the surface
UV estimates depend on UV wavelength and
atmospheric and other geolocation specific
conditions ranging from 7% to 30%. Arola et al.
2005, evaluated the effect of absorbing aerosols
on TOMS UV bias using direct measurements of
aerosol optical properties and found that, TOMS/
Brewer bias on aerosol absorption optical depth
is significant. The algorithm developed by Krotcov
et al. (1998), estimates of the various error sources
(uncertainties in ground reflectivity, ozone amount,
ozone profile shape, surface height, and aerosol
attenuation) in cloud-free conditions for spectral
UVA (320-400 nm) and UVB (290-320 nm). The
UV irradiance values (290-400 nm) at a given
location show variability caused by (i) partially
reflecting cloud cover, (ii) haze and absorbing
aerosols, and (iii) ozone (Krotcov et al. 2002). Solar
zenith angle, clouds, ozone, aerosols and surface
albedo are the predominant factors that interact with
UV radiation determining its variability at the surface
(Kerr, 2003). The results of the validation exercise
of OMI-TOMS showed satisfactory agreement
between OMI and Brewer total ozone data with bias
of -1.8 % (Lalongo et al, 2008). Aerosols play an
important role in radiative budget of atmosphere
with both direct and indirect effects, by absorbing
and scattering the incoming solar radiation (Mallet
et al., 2005; Chou et al., 2006) and modifying cloud
properties acting as cloud condensation nuclei
(Charlson et al., 1992; Schwartz et al., 1995.
Atmospheric aerosols can influence UV radiation
masking the increase of UV irradiance due to the
stratospheric ozone depletion (Meleti and
Cappellani, 2000; WMO, 2007).
Satellite instruments cannot directly measure
the amount of UV reaching the ground, but
measures that reflected by the planet. Therefore,
inversion algorithms or radiative transfer models are
needed to infer the former from the latter by taking
into account UV influential factors such as ozone

amount, cloud and aerosol parameters, and surface
reflectivity (Herman and Celarier, 1997). The
Schematic of the procedure involved is shown
below. The type of correction is selected based on
the two threshold values of the aerosol index (AI)
(calculated from 331 nm and 360 nm radiances)
and Lambertian Equivalent Reflectivity (LER) (360
nm) as described below. The surface albedo and
snow effects are estimated using the TOMS monthly
minimum Lambertian Effective surface Reflectivity
(MLER) global database.

OMI UV algorithm (Herman and Celarier, 1997, ATBD)

2.

Data and methodology

The data used in the present study has been taken
from the global web site, using the giovanni web
visualization tool (http://disc.sci.gsfc.nasa.gov/
giovanni).
For Erythemal flux measurement, ozonemonitoring instrument (OMI) UV-B algorithm inherits
from the TOMS UV algorithm. In this algorithm clear
sky UV irradiance is first estimated using the total
ozone column and other geophysical data. By
correcting the clear sky UV irradiance with the
aerosol and cloud information, the surface UV
irradiance is obtained. The UV products are UV
irradiances at four wavelengths (305, 310, 324, 380
nm), noontime erythemal UV dose rate and the
erythemal UV daily dose.
The operational procedure suggested by
Tanskanen, 2008, is based on the photon energy
in action spectrum part, which is essential to initiate
the activity. This energy is known as erythemal
irradiance which is shown below.
Erythemal irradiance (D) is given by:
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D = ∫ E (λ) A (λ) d λ

Where, A (λ) is the action spectrum, i.e relative
effectiveness of the photon of certain wavelength
to cause the effect being studied.

ozone and aerosol optical thickness (388 nm) derived
from OMI data for the years 2007-2008 are shown
in Figures.(4-6). The report by Jay and Herman

Clear sky UV radiance
E = E CS (z, Ω, R s, θ )* CMF (τ c , θ , R s )* ACF
(τa ,ω,θ Rs )
where, CMF is cloud modification factor τc and τa
ACF is aerosol correction factor, and are the cloud
and aerosol optical depth.
Erythemal Dose Rate (EDR in watt/m2) = EDR =
UCfn (θ , TO3) Coscor (θ ) [Webb et al. 2006]
Where, where U is the raw signal of the instrument
(V ); C is the calibration coefficient
(C = 0.1104W m-2 V-1) fn (θ TO3 ) is a function of solar
zenith angle θ and the total column ozone TO3 .
Coscor (θ ) is the cosine correction function.

3.

Fig.2. Erythemal flux (J/m2) over Meerut (200708) from OMI

Results and discussions

Fig.1 shows the total ozone in Dobson unit for the
year 2007 and 2008 from OMI. It is seen that the
annual average for both the years for Meerut City is
almost same; there is no significant change except
approximate of the order of 2 % increase in winter
and pre-monsoon season of the year 2008.
Erythemal flux (J/m2 ) at Meerut shows 12 % and
1% increase during winter and pre-monsoon season
and remain almost invariant for monsoon and postmonsoon season (Fig.2). The annual increase of
aerosol optical depth is approximately 19 % during
the year 2008 (Fig.3) and 12 % , 31 %, 22 % and
18% for winter, pre-monsoon, monsoon and post
monsoon season respectively.The variation of
aerosol index, erythemal radiation, total column

Fig.1. Inter-comparison of Total ozone over Meerut
(2007 & 2008) from OMI

Fig.3. Aerosol optical thickness (unitless) over
Meerut (2007-2008) from OMI

Fig.4. Aerosol Index from OMI of Meerut for the
year 2007-2008
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(Fig.8) as the courtesy of NASA's Goddard Space
Flight Center shown that the largest increase in UV
occurs in the southern hemisphere during April, May
and June. In the tropics, increases in UV have been
minimal. Though, the size of UV wavelengths ranges
from 290 to 400 nm, 305 nm UV is one of the most
damaging types for humans. Report says that, in the
tropics, the increase has been minimal, but in the midlatitudes it has been more obvious. Normally, ground
radiative flux changes by changing the stratosphere
and tropospheric ozone and aerosol distribution. The
value of erythemal flux during monsoon and premonsoon season of 2008 is lesser about 7 % than
the flux in the year 2007 (Fig.3). In the same time
ozone value increases about 1 % and aerosol optical

thickness about 20 %. This may be due to increase
the concentration of more abundance of hygroscopic
type of nuclei in the atmosphere at Meerut during
monsoon and post monsoon season 2008 (Fig.7).

Fig.7. Aerosol optical thickness (388 nm) from
OMI of Meerut for the year 2007-2008

Fig.5. Erythemal radiation (J/m 2) from OMI of
Meerut for the year 2007-2008

Fig.8. UV exposure from 1979 -2008 (Courtesy:
NASA's Goddard Space Flight Centre by
Jay Herman)

4.

Fig.6. Total column ozone (Dobson unit) from OMI
of Meerut for the year 2007-2008

Concluding remarks

The value of ultraviolet Erythemal (UVER) flux is
affected by the ozone concentration and ozone
reduces the UVER as shown in monsoon and post
monsoon season for the year 2008 and this will help
to protect the harmful radiation at the surface which
is responsible for skin or cancer diseases. Similarly,
a negative trend is seen in case aerosol optical
depth because of most of the radiation is scattered
and absorbed by the aerosols. The aerosol optical
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thickness at Meerut at 388 nm for winter, premonsoon, monsoon and post-monsoon season
shows the 12%, 31% , 22% and 18% increase
respectively and overall annual 19% increase in the
year 2008 as compared to the year 2007. The
amount of solar radiation (200-400 nm) affected
mainly by ozone absorption, cloudiness and
aerosols. Changes in UV radiation at surface may
strongly affect the human health and the terrestrial and
aquatic ecosystem (UNEP, 1998, 2003, 2007).
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Associated wind pattern, rainfall
and radius of maximum wind
(RMW) in a Tropical Cyclone over
Bay of Bengal - A case study
ABSTRACT

One of the main challenges in the study of tropical cyclones is to understand it right from its genesis, direction
of movement and intensification. Earlier studies reveal that maximum potential intensity of a tropical cyclone
can be determined using the Radius of Maximum Wind (RMW) which is defined as the distance between the
centre of the cyclonic storm and its band of strongest winds. Yet another interesting information is that the
tropical cyclones give abundant rainfall. The highest rainfall rates occur near the RMW. Efforts have been
made in this study to analyse the direction of movement with regard to the region of RMW and the area of
maximum rainfall in a cyclonic storm when the storm is at sea. The QuikSCAT sea wind data and the
corresponding images, Tropical Rainfall Measuring Mission (TRMM) three hourly precipitation data - 3B42
V6 product and statistics obtained through Cyclone eAtlas of IMD in respect of Cyclonic Storm Pyarr were
archived and used in this study. The analyses of the details derived from the above data sets revealed that all the
above products supported the well established theory of intensification and occurrence of rainfall in a Tropical
cyclone and thus the modern products can provide valid details to the forecasters during real time situation
very well to aid better forecasting.
Key words: QuikSCAT, TRMM, Tropical Cyclone and Radius of Maximum Wind

1.

Introduction

2.

Indian monsoon months are highly looked forward
to by agriculturists, meteorologists and other
researchers so as to know about its performance
in terms of rainfall during the season every year.
Apart from the copious rainfall events, scope for
formation of 'Monsoon Depressions(MDs)' over the
north Bay of Bengal or Head Bay (north of 18½° N
Latitude) exists. Generally MDs after having formed
in the north Bay of Bengal travel in sea for a very
short distance before crossing the land mass / or
decaying (Asnani 2005). Hence MDs, in general,
do not attain highest intensity. However, it is very
interesting to note that each MD, though formed in
a very small region over Head Bay, follows different
path while moving in the sea, in spite of a very short
travel. The present study is aimed to understand
the movement of Cyclonic Storm (CS) Pyarr, which
diverted its movement slightly in a southwesterly
(SWly) direction, its associated wind structure and
the RMW terms of outputs obtained from Quik
SCAT and TRMM data. Moreover CS Pyarr
intensified into cyclonic storm over Bay of Bengal
after about eight years after the Severe Cyclonic
Storm of 23 September 1997, which crossed coast.

Data and methodology

The statistics on frequency of formation of cyclonic
disturbances(C&Ds) over Bay of Bengal for the
monsoon period June to September was generated
through Cyclone eAtlas-IMD software 2008, with
the chosen basic input for the years 1891 - 2009.
There had been 443 C&Ds which formed over Bay
of Bengal during the above period for the given
input. The statistics on frequency of C&Ds for the
month of September alone accounts for 163
cyclonic disturbances. The area of the Bay of
Bengal which falls to the north of 18½°N is referred
to as North Bay of Bengal or Head Bay. Advanced
option 1 of eAtlas software was invoked to obtain
the details of tracks of C&Ds formed over this area
i.e., bounded by latitudinal/ longitudinal area
18-22°N/82-94°E and the software generated tracks
of 78 C&Ds [67 Depressions(D), 10 Cyclonic
Storms(CS) and 1 Severe Cyclonic Storms(SCS)].
The frequency of C&Ds formed in specified area
of formation bounded by 18-20°N latitude and 9192°E longitude. The following was obtained through
eAtlas software three cyclonic disturbances had
occurred during the entire period of 119 years.
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(i)

D 10-21 September 1968

(ii)

CS 8-15 September 1977 and

(iii)

CS (named as Pyarr) 17-21 September 2005.

Fig.1 depicts the eAtlas tracks of the above
three C&Ds.
Five Common features were noticed in the
above three CS. They are
(i)

All the three cyclonic disturbances formed in
the same latitudinal/longitudinal belt.

(ii)

Had similarity in their movement.

(iii)

Initially travelled a few kms over sea in
northwesterly/westerly direction,

(iv)

Then, deviated slightly to move in a
southwesterly direction.

(v)

Deviation occurred around the latitudinal/
longitudinal belt of 19-20°N/ 87-88°E.

Fig.2. Cylcone e-Atlas IMD track of BOB-CS
17th September 2005
RMW is defined as the distance between the
centre of the cyclone and its band of strongest
winds. It is considered as an important parameter
in atmospheric dynamics and tropical cyclone
forecasting. Maximum potential intensity of a
tropical cyclone can be determined using the
RMW.

(i)

The direction of movement of the cyclonic
disturbance with regard to the region of RMW

(ii)

The wind pattern around a tropical storm

(iii)

Region of maximum winds,

(iv)

Radius of Maximum Wind (RMW) and

As the first step it was proposed to analyse
the direction of movement of the cyclonic
disturbance with reference to the region of
maximum wind around a cyclonic storm and to
find out RMW. To enable this, QuikSCAT images
for wind pattern, sea wind data over oceanic
region during the CS Pyarr period were utilised.
(Ram Babu,2006) observed that with the addition
of QuikSCAT wind data the cyclone track in
experimental run is closer to the observations
than the control run and the improvement is of
the order of 50-100 km, closer to observations.
In the present study the latitudinal / longitudinal
belt of 18-22°N /84°-92°E is chosen as the area
for which QuikSCAT sea wind data was analysed.
Secondly, area of moderate (Moderate rainfall is
the rainfall which occurs between 7.6 - 35.5 mm/
hr) rainfall rate around the area of CS has been
studied for the reason that a tropical cyclone gives
abundant rainfall and the rainfall is observed to
be maximum in the left forward sector for
westward moving tropical storms, in the forward
sector for northward moving storms and in the
right forward sector in the case of cyclones
recurving towards northeast or east. The highest
rainfall rates occur near the RMW of tropical
cyclones.

(v)

Area of moderate (10 mm and above) rainfall
realised in and around the vicinity of CS.

The conventional meteorological observations
of a CS over ocean area are generally infrequent

Fig.1. Cyclone e-Atlas tracks of C&Ds formed in
specified area of formation bounded by
18-20°N latitude and 91-92°E longitude.
Fig.2 depicts the Cyclone eAtlas-IMD track of
the CS "Pyarr" which occurred in the year 2005.
In this study efforts are made to analyse the
undermentioned aspects in respect of CS Pyarr
of 2005.
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and insufficient. It is therefore not possible to
measure various meteorological parameters over
the vast oceanic region on real time. It is difficult
to calculate the Radius of Maximum Wind
associated in a tropical storm on real time while
it is still at sea. In order to carry out the present
study, both data and images of sea Winds on
QuikSCAT during the CS Pyarr period have been
archived and then the data has been utilised to
obtain the RMW.

tool available for the forecaster/researchers to find
the RMW while the tropical cyclone is at sea. This
product is also referred to as JPL PO.DAAC product
109. The tropical cyclones can only be identified in
their early life by QuikSCAT Scatterometer
observations (Ramesh Babu 2006). The meridional
and zonal components of wind velocity, a
QuikSCAT product was therefore used for the
study. Figures 4, 5, 6 and 7 give QuikSCAT wind
images for the period 17-20 September 2005.

QuikSCAT is an earth-observing polar orbiting
satellite that provides wind speed information over
oceans to NOAA (Fig.3 QuikScat Scatterometer).
QuikScat Scatterometer is managed for NASA's
Science Mission Directorate, Washington, DC, by
NASA's Jet Propulsion Laboratory (JPL),
Pasadena, California. A list of the publicly available
QuikSCAT Level 3 products produced by SeaWinds
on QuikSCAT Science Working Team members
can be found on the PO.DAAC SeaWinds on
QuikSCAT web site podaac.jpl.nasa.gov/quikscat/
qscat links.html. The SeaWinds on QuikSCAT Level
3 data set consists of gridded values of scalar wind
speed, meridional and zonal components of wind
velocity, wind speed squared and time given in
fraction of a day. QuikSCAT Level 3 is found to be
a very generic and more friendly. It is a valuable
Fig.4. QuikSCAT image for 17th September 2005

Fig.5. QuikSCAT image for 18th September 2005

Fig.3. QuickScat Scatterometer Polar Orbiting
Satellite

Fig. 6. QuikSCAT image for 19th September 2005
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Fig.7. QuikSCAT image for 20th September 2005
TRMM satellite derived precipitation data is
available in three intervals i.e., daily gridded,
hourly and three hourly. The TRMM 3B42V6
which are available at the 3-hourly, 0.25° × 0.25°
latitude-longitude resolution is a post-real-time
research-quality satellite estimated rainfall
product. TRMM 3B42V6 products could distinctly
capture characteristic features of mean monsoon
seasonal rainfall over India and are reasonably
close to the observed patterns from IMD
data(Durai et al., 2010). The GrADS images of
TRMM 3B42 V6 three hourly (average) data of
rainfall are in mm/hr. It provides information on
the maximum rainfall that occurred in a given
area. The GrADS images were generated using
TRMM 3B42 V6 three-hourly (average) rainfall
data for each observation during CS "Pyarr" to
study the area of maximum precipitation which
are shown in Figs.8(a) to 8(f). TRMM 3B42
product was used as one of the data source for
the study and analyse the actual area of rainfall,
along with the area of maximum winds around
the cyclonic storm Pyarr.

Fig.8(b).TRMM Satellite derived 3-hrly average
precipitation (mm/hr) during cyclone Pyarr
period

Fig.8(c). TRMM Satellite derived 3-hrly average
precipitation (mm/hr) during cyclone Pyarr
period

Fig.8(a).TRMM Satellite derived 3-hrly average precipitation (mm/hr) during cyclone Pyarr period
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Fig.8(d).TRMM Satellite derived 3-hrly average
precipitation(mm/hr) during cyclone Pyarr
period

3.

Fig.8(e).

TRMM Satellite derived 3-hrly average
precipitation (mm/hr) during cyclone
Pyarr period

Fig.8(f). TRMM Satellite derived 3-hrly average
precipitation (mm/hr) during cyclone Pyarr

Results and discussions

3.1. Region of maximum wind
Tables 1, 2 and 3 provide QuikSCAT sea wind
speed analysed for 18th , 19th and 20th
September of the CS Pyarr period, at the fixed
latitude/longitude positions as provided in the JPL
PO.DAC product 109 data format and the
maximum winds prevailed around CS Pyarr on
the above three dates. It is observed from the
above said Tables 1, 2 & 3 that maximum ocean
wind speed of 17.44 mps (=34 knots at 18.88°N /
85.88°E ) prevailed on 18th, 21.44 mps (=42 knots
at 20.88°N /91.88°E) on 19th and 16.02 mps (=32
knots at 20.88°N/91.88°E) on 20th. From Table
1, it is found that maximum winds concentrated
in the SW quadrant of the CS (with its centre lying
at a mean position of 20°N/ 87.5°E) on 18th
September, the day on which CS Pyarr had
slightly deviated from its direction of movement
to a southwesterly direction. A cyclone will
generally have a band of maximum winds to the
right of its track and thus area lying in the right of
the track is much affected wherever it makes a
landfall (Asnani1 2005). It is also seen that the
CS maintained its SWly movement till its
intensification in to a CS, thereafter the CS moved
in west-south-westerly direction up to 19th 0230
UTC, until it made a landfall on 19th 0230 UTC.
It was seen that maximum winds were
concentrating in the SW sector on 18th. With the
deviation in a SWly direction after 0300 UTC on
18th, the CS tried to maintain the area of the

TABLE 1
Longitudional distribution of QuikSCAT Seawind speed in mps
18th September 2005
⇒ Lon
⇓ lat

84.38

84.62

84.88

85.12

85.38

85.62

85.88

86.12

86.38

86.62

86.88

18.12

12.35

11.23

11.88

12.31

12.73

13.99

15.49

15.07

13.86

15.68

14.55

13.29

14.44
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13.4

14.8

16.18

14.45

15.37

15.12

15.66

13.66

14.1

15.4

15.75

15.61

17.31

16.05

13.56

14.73

15.43

17.44

16.15

15.02

15.34

13.69

15.48

16.46

15.68

14.26

14.18

14.82

15.63

15.36

14.36

15.99

18.38
18.62
18.88
19.12
19.38
19.62

16.77
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16.05

TABLE 2
Longitudinal distribution of QuikSCAT Seawind speed in mps 19th Sep 2005
⇒ Lon
⇓ lat

84.38

84.62

84.88

85.12

85.38

85.62

85.88

86.12

86.38

86.62

86.88

87.12

87.38

87.62

87.88

18.12

15.75

15.81

16.08

14.83

15.32

14.21

12.75

11.59

12.57

13.3

12.52

11.72

11.43

10.62

10.15

15.1

14.53

15.75

16.41

13.9

12.05

12.59

11.53

11.45

11.15

10.6

10.41

9.7

14.7

14.2

15.39

13.92

12.57

12.22

10.96

10.49

10.42

11.48

10.52

10.06

9.17

14.4

15.84

13.66

13.51

12.21

11.94

10.38

10.35

11.09

10.07

9.88

9.36

14.02

13.46

13.44

13.39

12.4

11.1

10.03

10.03

9.2

9.2

9.34

14.51

12.79

13.16

12.22

11.27

10.19

9.15

9.17

9.42

9.29

11.88

12.04

10.21

8.62

9.66

9.4

9.22

11.89

12.27

18.38

16.07

18.62
18.88
19.12
19.38
19.62
19.88

11.36

11.25

10.29

9.41

20.12

12.82

11.61

10.57

9.62

20.38

11.14

10.28

9.39

8.22

20.62

9.61

8.44

7.61

20.88

7.81

7.59

6.78

⇒ Lon
⇓ lat

88.12

88.38

88.62

88.88

89.12

89.38

89.62

89.88

90.12

90.38

90.62

90.88

91.12

91.38

91.62

91.88

18.12

9.41

8.77

8.97

8.84

8.56

8.39

7.64

7.49

6.01

7.21

6.81

6.64

7.91

9.79

8.07

7.83

18.38

8.82

9.26

8.79

8.44

7.89

7.35

6.99

6.7

6.77

6.69

6.19

7.05

7.66

8.49

9.09

7.61

18.62

8.78

8.55

8.86

8.49

7.94

6.73

6.7

6.36

6.56

6.66

6.61

6.38

5.72

9.59

10.22

11.31

18.88

8.64

8.47

8.35

7.96

7.61

7.17

6.5

6.32

6.41

6.75

6.62

6.26

6.05

7.12

10.31

10.09

19.12

8.82

8.63

9.16

7.91

7.47

7.08

6.68

6.87

6.57

6.55

6.49

6.39

6.22

7.48

5.49

9.14

19.38

8.84

7.7

7.78

7.58

7.17

7.04

6.72

6.7

6.78

6.33

6.46

6.49

7.01

6.31

7.63

9.91

19.62

8.71

7.97

7.57

7.57

7.37

7.06

6.82

6.69

6.34

6.3

6.37

7.01

7.24

7.44

8.17

8.48

19.88

8.58

7.64

7.38

7.12

6.86

6.75

6.77

6.91

6.52

6.55

6.72

6.42

6.85

7.3

7.54

12.93

20.12

8.1

7.69

7.36

6.76

6.67

6.95

7.48

6.58

6.59

6.4

6.39

6.51

7.08

10.04

13.4

17.42

20.38

7.25

11.34

6.98

6.69

6.77

6.92

6.46

6.62

6.14

6.01

6.03

6.22

6.58

9.61

13.1

16

20.62

6.76

6.82

6.87

6.4

6.63

6.5

6.35

6.31

6.13

5.9

6.05

6.26

6.86

13.54

15.79

16.85

20.88

6.95

8.88

6.5

6.44

6.52

5.99

5.8

5.9

5.73

5.51

5.84

4.77

10.67

15.48

19.6

21.44

TABLE 3
Longitudinal distribution of QuikSCAT Seawind speed in mps 20th September 2005
⇒ Lon
⇓ lat

88.38

88.62

88.88

89.12

89.38

89.62

89.88

90.12

90.38

90.62

90.88

91.12

91.38

91.62

91.88

18.12

8.61

10.25

8.98

8.54

8.07

7.78

7.94

7.6

8.13

18.38

9.24

9.3

8.79

8.86

7.81

8.23

8.18

7.93

8.11

7.93

7.8

8.01

8.28

7.95

7.76

18.62

9.16

9.48

8.46

8.22

7.73

7.94

8.12

8.15

7.91

8.08

255

7.7

18.88

9.62

9.37

9.34

8.32

255

8.51

8.99

8.52

8.07

7.99

7.72

7.54

7.31

19.12

9.51

8.92

8.56

8.37

8.16

8.76

8.65

8.11

8.12

7.87

7.58

7.54

7.79

19.38

8.96

9.04

8.95

8.84

8.83

8.57

8.19

8.21

7.41

7.94

7.82

7.59

8.15

19.62

7.92

8.3

8.81

8.71

8.89

8.11

8.96

7.99

255

7.36

7.26

7.76

8.96

19.88

9.05

10.01

11.03

9.65

7.71

8.11

8.09

8.52

6.89

7.01

7.02

7.39

7.23

9.15

20.12

10.15

9.05

10.61

9.25

6.74

8.11

7.24

7.22

7.06

7.12

7.5

7.3

7.29

11.02

20.38

9.49

9.66

11.27

10.45

6.54

7.91

7.42

6.87

6.99

7.12

8.47

7.45

9.04

13.65

20.62

8.39

8.41

10.55

9.37

8.57

7.42

7.5

7.28

6.65

6.77

8.39

8.6

9.61

13.62

16.02

20.88

8.91

8.85

10.57

12.63

8.31

7.27

6.33

6.59

6.76

6.93

8.01

10.38

13.15

15.94

13.58
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maximum winds to be concentrated to the right
of its movement. The position of the CS as
obtained from the eAtlas database for 18th are
obtained as 20.43°N /87.79°E, 19.47°N /86.79°E,
18.81°N /84.3°E. The region of maximum winds
was found in the NE sector of the CS on 19th
until it made landfall at 0230 UTC.
3.2 Intensity
Figures 9(a) to 9(d) gives the satellite imageries
of CS Pyarr and Figures 10(a) and 10(b) gives
the sadar images as given in the Report of the
Regional Specialised Meteorological Centre
(RSMC), IMD, 2006. The CS Pyarr reached its
highest intensity of Cyclonic Storm on 18th at
1200 UTC and retained the same intensity till 19th
0500 UTC. Based on satellite products, the CS
was assigned T-2.5 with effect from 0900 UTC of
18th September and had the same intensity till
0500 UTC of 19th. As per IMD classification,
Dvorak Number T.2.5 relates to the intensity of a
cyclonic disturbance having wind speed of 17 to
25 mps (34 to 47 knots). The finding of the
present study as regards to the intensity of the
CS Pyarr, based on QuikSCAT sea wind data,
supports the facts in the fixing of the intensity
based on the satellite imageries and other
observations. The inclusion of QuikSCAT data
improved the initial field and also improved the
prediction upto 48 hours (RamBabu,2006)

Fig.9(b).Satellite image of CS Pyarr

Fig.9(c). Satellite image of CS Pyarr

Fig.9(a). Satellite image of CS Pyarr

Fig.9(d).Satellite image of CS Pyarr
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in the SW sector of the CS on 18th September, in
the NE sector both on 19th and on 20th .i.e., falling
to the right of the track of the CS.
Tables 1, 2 and 3 indicate that the maximum
winds of about 17.44 mps (34knots), 21.44 mps
(42 knots) and 16.02 mps (32 knots) were realised
on 18th, 19th and 20th respectively.
The distance of the maximum wind from the
mean centre position of the CS Pyarr was found
to be 170.5 km on 18th, 921.6 km on 19th and
1208.5 km on 20th. The radius of maximum wind
is seen to be smaller on 18th which is the day on

Fig.10(a). Radar image of CS Pyarr-17th September 2005

Fig.11. QuikSCAT seawinds -18th September 2005

Fig.10(b). Radar image of CS Pyarr-19th September 2005

Fig.12. Longitudinal distribution of Quik SCAT Ocean
surface winds on 19th September 2005

3.3

Position of maximum wind and Radius of
Maximum Wind
Figures 11, 12 and 13 provide longitudinal
distribution wind speed in metre / second along the
latitudes around the cyclonic storm Pyarr. The mean
position (lat/long) of the centre of the cyclonic storm
based on ACR Report 2006 is found to be at 20°N/
87°E on 18th, 18.5°N/83.5°E on 19th and 19°N/
80.5°E on 20th. It is also seen from the Figures 11,
12 and 13 that the region of maximum winds was
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Fig.13. Longitudinal distribution of QuikSCAT
Ocean surface winds on 20th September 2005

TABLE 4
Details of the findings derived from
quikSCAT seawind data and TRMM rainfall data - CS Pyarr
Dates of
CS Pyaar

ACR mean position
of center of
CS Pyarr

17th

20.25 °N/90.25°E

eAtlas
positions

Position of RMW
and its distance
from center of CS
in Kms

19.54/91.13
19.98/90.69

QuickSCAT data
was not available

20.45/90.13

Area of
maximum rainfall

1.

20.3-20.6 /
89.1-89.4

2.

20.1-20.3 /
88.9-89.4

3.

19.3-19.5 /
86.6-87.4
till 18th 0000(UTC)
18th

20ºN/87ºE

20.43/87.79
19.47/86.79
18.81/84.30

18.88/85.88
at 170.5

19th

18.5ºN / 83.5ºE

18.70/83.90
18.70/83.79

20.88/91.88
at 921.6

18.70/83.28

which the CS attained its peak intensity. The
distance of the RMW increased as the CS
decreased its intensity.
3.4 Rainfall amount
Pictures from satellite, radar and detailed analysis
or clouds and rain obtained during the CS period
confirm the existence of some axial asymmetry in
the structure of a tropical cyclone. One such
commonly encountered symmetry is in the form of
spiral bands also called as cyclone rain bands.
These spiral bands are the regions of intense
cloudiness and heavy rains. Severe convective rain
is experienced in the region of spiral bands (Asnani1
2005). Figures 9(a) to 9(d) gives the satellite
imageries of CS Pyarr and Figures 10(a) and 10(b)
gives the radar images as given in the Report of
the Regional Specialised Meteorological Centre
(RSMC), IMD, 2006. The TRMM data 3B42-V6
product (of 3 hourly precipitation in mm/hr) archived
for the cyclonic storm for three days only i.e., for
17th , 18th and 19th up to 0500 hrs UTC as present
study was carried out for the period of the travel of
the cyclonic storm over ocean area till it made
landfall i.e. at 0230 hrs UTC of 19 September 2005.
TRMM derived rainfall values plotted by GrADS
software are given in Figures 8(a) to 8(f).

4.

18.7-18.9 /
86.5-87.2
1.

17.1-17.4/
82.5-83.6

2.

17.5-17.7 /
83.5-83.7

Conclusions

The following facts are observed for the CS period
17 - 19 September 2005 based on the TRMM 3B42
V6 data and QuikSCAT data.
(i)

CS Pyarr moved in a westerly direction since
its formation, then in a SWly direction till its
intensification in to a CS and then in a westsouth-westerly direction till it made a landfall.

(ii)

Table 4 provides details of the findings derived
from QuikSCAT sea wind data and TRMM
rainfall data. From the Table 4, it is seen that
the region of maximum rainfall remained in
the left forward sector of the track of CS and
thus fully supports the established theory that
the rainfall is observed to be maximum in the
left forward sector for westward moving
tropical storms. GrADS images of the main
observations 0300 UTC and 1200 UTC of
17th, 18th, and 19th upto 0500 UTC are
furnished at Fig.8(a) to 8(f). It is evident from
the figures that the highest amount of rainfall
occurred in the area near the RMW of CS
Pyaar.

Hence the study of CS Pyarr substantiates the
theory that 'the intensification of a Tropical Cyclone
largely relates to the Radius of Maximum Winds
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around it'. From the present study it is felt that the
QuickSCAT sea wind data if available, for the
tropical cyclone periods, on real time basis, will be
an added tool for forecasting the movement of
Cyclones and Depressions, in calculating RMW
of CS and its distance along with the other
important tools which are being used at present.
Similar such studies for various aspects in
respect of different tropical cyclones using
QuikSCAT sea wind data may provide useful
information. A systematic study with TRMM data
may also provide vital information for forecasters
on real time.
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