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ABSTRACT

The detection of precipitating clouds is necessary for weather prediction and climate researches.
Precipitation occurs by condensation when the atmosphere is saturated with water vapour. The aim of the study is to
discuss about the variations of Precipitable Water Vapour (PWV) in the case of such clouds. The brightness
temperature data of 6.7um water vapour channel is primarily used in this study. The saturation mixing ratio can be
calculated using temperature and pressure profile data. The study on PWV enhances the weather forecasting models
and meteorological studies. In this study, the PWV for different precipitating clouds are estimated for a period of
January-December 2014.
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1. INTRODUCTION

Classification of clouds plays a major role in forecasting the weather phenomena. Clouds can be classified
into low-level, mid-level and high-level clouds. The detection of rainy clouds plays a crucial role in weather
forecasting. A reliable automated system to provide cloud datasets is necessary for climatic studies. But the
variability in cloud forms, viewing angles, atmospheric conditions etc. made it a complex and difficult task. Clouds
largely reduce diurnal range of surface air temperature by decreasing the solar radiation.

Clouds can be distinguished based on certain parameters such as brightness temperature, height, pressure
and so on. Another important parameter is Precipitable Water Vapour (PWV). Precipitable Water Vapour is the
depth of water in the atmospheric column, when all the water in that column is condensed and precipitated. The
standard techniques to measure PWYV include Radiosondes, LASER and LIDAR systems, ground-based microwave
radiometers etc.

The precipitable clouds can be classified into Nimbostratus, Stratocumulus, Altostratus, Cumulonimbus,
Stratus, Cumulus etc. Nimbostratus are thick, dark clouds which produces high intensity of rain. Altostratus are
middle-level clouds which produces light precipitation and when the precipitation increases altostratus clouds get
thicken into Nimbostratus clouds. Cumulonimbus clouds are vertically growing clouds associated with
thunderstorms or showers. Stratocumulus clouds are low-level clouds which produces light rain or snow. Stratus
clouds are low-level, uniform, featureless clouds. Occasionally stratus clouds become dark, but produce little
precipitation, which makes it possible to distinguish from Nimbostratus clouds. Cumulus clouds are cotton-like
clouds which produces showers.

The cloud cover and water vapour can be measured from ground observations and satellite observations.
But, the meteorological satellites provide better observations for a wide view of angle compared to ground
observations. Clouds have strong correlation with surface temperature. They alter the earth’s radiation process by
cooling and warming earth surface. Therefore, the need for study about clouds becomes necessary.

The PWV is an important parameter to study the Energy Budget but, is difficult to measure. The Precipitable
water shows seasonal and annual variations due to changes in moisture content in maritime and continental air
masses. The PWV values for each cloud will differ from each other. In this paper, the variation of PWV for clouds
such as Nimbostratus, Altostratus and Stratocumulus clouds are studied.

The PWV gives an idea about the precipitation produced by each cloud. Precipitation can affect navigation.
The shift in summer precipitation due to greenhouse effect produces more rainy days which in turn causes more
aircraft accidents. Shen and Smith, formulated a multi-parameter model for estimating precipitable water beyond
certain pressure levels using the satellite infrared spectrometer B radiance data.

The remaining of the paper is organized as follows. Section Il describes the different datasets used for the
study. Section Il presents the methodology used and Section IV explains the results and analysis. Finally, Section
V concludes the paper.

Datasets: Different sets of data are involved in the study of PWV. The detailed descriptions of data are given below:
Gridsat Data: The GRIDSAT data from NOAA’s National Climatic Data Centre is used for the study. GRIDSAT
data provides observations from infrared window, infrared water vapor and visible channels for each 3hr time slots,
are widely used for climatic researches. Brightness temperature data of geostationary satellites are obtained from
GRIDSAT dataset in Net CDF format. In this study, brightness temperature data from infrared water vapour channel
6.7um is used for the analysis. The GRIDSAT data are inter calibrated using calibration data of International Satellite
Cloud Climatology Project (ISCCP). GRIDSAT data are gridded ISCCP B1 data with a resolution of 8 km.
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GRIDSAT data is a collective of data obtained from the satellites such as GOES 13, GOES 15, FY 2-E, Meteosat 7,
Meteosat 10 etc.

GFS MODEL: Global Forecast System (GFS) is a weather prediction model created by National Centers for
Environmental Prediction (NCEP), and it runs 4 times per day to produce forecast 16 days in advance. GFS model
provides observations from temperature, humidity, wind, precipitation etc. The data for January-December 2014 is
used for the study. The resolution of GFS data is 0.5°x0.5°. The data of GFS model are obtained as .grib format. The
temperature height profiles can be obtained from GFS data for each locations.

Student’s cloud observation on-line (s’cool) project: SCOOL is a project by National Aeronautics and Space
Administration Langley Research Centre for students interested in cloud related studies. The detailed study of
different clouds is done in this project. NASA Langley Atmospheric Science Data Centre stores the information
submitted by students and the data from other atmospheric science research projects. From the satellite data, the
cloud properties, altitude, temperature etc. will be detected using certain algorithms and is compared with the stored
data, so as to provide an archive of reliable cloud data. The satellite observations are obtained from the CERES
(Clouds and the Earth’s Radiant Energy System) sensor of NASA’s Terra satellite. The Terra satellite was launched
on 18™ December, 1999 and it has five sensors- ASTER, CERES, MODIS, MISR and MOPITT. CERES has three
channels- short wave (0.3-5 um), long wave (0.3-100 um) and window (8-12 um). It provides a spatial resolution of
20 km at nadir. The CERES instrument consists of two scanning radiometers: FM-1 and FM-2.

2. METHODOLOGY

NOAA operates on GOES systems which contains multiple satellites for continuously observing the earth.
The GOES variable (GVAR) is the retransmission format for the processed meteorological data measured by Sounder
and Imager instruments. The GVAR comprises of 12 blocks from 0 to 11 and the blocks 0 to 10 are send contiguously
and the block 10 is followed by variable block 11, according to the nature of data available for transmission. The
number of words in the Information Fields of GVAR Blocks 0-10, for a single scan can be computed as 8,280 + 39
x N where N is the number of mirror 4-pixel groups, and it ranges from 8,280 to 212,484 words. Block 11 contains
non-imager data while blocks 0-10 contain imager data. The lower limit for GVAR block is 32,208 bits which include
10,032 bits synchronization code block, 720 bits header, 16 bits CRC block and 21,440 bits information field. The
bandwidth can be calculated from the blocks. The required bandwidth for non-scan related data, is constant time-
dependent and for scan-associated data, bandwidth is dependent on scanning width of instrument. The GVAR data
is transmitted from the spacecraft at a carrier rate of 2,111,360 bps. The transmission delays occur before the user
receives the data. Finally encoding takes place in three stages. Due to bandwidth limitations the Imager does not
contain the earth location array, but the Sounder is provided with data which maps each pixel to earth lat/lon point.
GVAR contains both calibration coefficients and scaling coefficients. Users can get the radiance from the raw data
using these calibrations.

For imager channels of geostationary satellites the raw data stream of radiance counts are 10 bits long. The
radiance values are then calculated from raw data by:

R=22 (1)

Where the radiance in mW/(m?2.sr.cm™) is denoted as R and the count values as X. b is the scaling bias and m

is the scaling gain. The brightness temperature is then obtained by
Teff =—=Ter (2)
In(1+2270)

Where Teff is the effective temperature and n, (cm™) is the central wave number of the channel. The two
radiation constants are given as ¢ = 1.191066x10° (mW.m2.srt.cm*) and c,= 1.438833 (cm.K). The actual
temperature can be obtained from the effective temperature.

T=a+bx*Teff (3)

Where a and b are bias and gain coefficients which depend on observation channels.

The 6.7um channel gives information about moisture content in upper troposphere. The brightness
temperature data from 6.7um channel is used for Upper Tropospheric Humidity (UTH) calculation. Soden and
Bretherton derived an analytical expression for relative humidity and brightness temperature from 6.7um channel.
UTH is defined as the measure of relative humidity of a level varying from 600mb to 300mb.

UTH = exp(a+bx*Tp)cos(0) (4)
Po

Where fis the satellite viewing zenith angle, a and b are least square fit slope and intercept of the regression
line as defined by the empirical relationship and Py is the normalized pressure. Ty is the brightness temperature value.

The values a=31.5 and b=-0.115K* obtained by Sorden and Bretherton in their study are used here. These
coefficients are calculated by comparing the brightness temperature of water vapour channel with the upper
troposheric humidity values of same temperature and pressure profiles. According to Sorden and Bretherton, these
values are consistent with theoretically expected values and these values are expected to have little seasonal
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variations. The advanced study of UTH can help in the study of sensitivity if earth’s climate towards greenhouse
gases.

The expression for normalized pressure is given by
_ p(T=240K)
Po==—— 0
Where p;=300hPa and p (T=240K) is the pressure at the level where the temperature is 240K. The water
vapour mixing ratio can be defined as the ratio of mass of water vapour to mass of dry air (in g/kg) and is denoted
as Qv.
qy = qs * UTH (6)
Where ¢ is the saturation mixing ratio. Saturation mixing ratio is the maximum amount of water vapour that

the air can hold for a particular temperature and pressure and can be calculated as follows:
0.622xe

qs=—F— ()
Where ¢ is the saturation mixing ratio at pressure P and e is the vapour pressure. The expression for
saturation vapour pressure can be given as,
17.27xt

e=06.11=* exp(273.3+t) (8)

Where e is the vapour pressure in hPa and t is temperature in °C. Using the above parameters, PWV can be
calculated as,

PWV = ﬁf adp  (9)

Where the incremental change in pressure is denoted as dp and PWV is the Precipitable water vapour in
kg/m? or mm of water.

3. RESULTS AND ANALYSIS

The PWV values for the clouds Nimbostratus, Altostratus and Stratocumulus are plotted. The PWV values
of the clouds for a period of January- December 2014 are calculated. Fig.1. shows the brightness temperature of a
region obtained from the 6.7um water vapour channel. The different range of brightness temperature is indicated by
false colours. The lower values of brightness temperature are indicated by dark blue and the higher values are
indicated by red as per the colour scale in Fig.1.

Fig.1. Brightness temperature obtained from 6.7 pm channel, in Kelvin
Fig.2 shows the variation of PWV for different precipitating clouds. In Fig.2 the months are plotted in x-axis and
PWV values are plotted in y-axis.
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Fig.2. PWV values of Nimbostratus, Altostratus and Stratocumulus clouds in kg/m?

The clouds are showing linear variations for PWV in the graph. In Fig.2, it is observed that the Nimbostratus
and Stratocumulus clouds are showing similar patterns for PWV values. Nimbostratus and Altostratus shows low
PWYV in March and October and, Nimbostratus and Stratocumulus clouds have a high peak for PWV in May and
July. In September, Altostratus shows high value and in February and March, Stratocumulus hold low PWV values.

The highest PWV values shown by Nimbostratus clouds are 45.345 kg/m? in May and 44.0676 kg/m? in
July. Nimbostratus clouds possess low PWV values 8.2064 kg/m? and 8.6429 kg/m? in March and October
respectively. Altostratus shows highest PWV value 17.6169 in September and lowest value 3.9688 kg/m? in March.
Similarly, Stratocumulus clouds gives high PWV 37.0855 kg/m? in May and low PWV 4.482 kg/m? in February.

During the month May, the variation of PWV for Nimbostratus and Altostratus are quite noticeable as the
PWV value for Nimbostratus is 45.345 kg/m? and PWV for Altostratus is 10.669 kg/m?2. During the month March,
Nimbostratus, Altostratus and Stratocumulus clouds possess lower values for PWV. After March, Nimbostratus and
Stratocumulus clouds are increasing linearly and reach the peak in May.
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From Fig.2, it is observed that the Nimbostratus is having high PWV values when compared to other clouds
and Altostratus is having less variation for PWV values when compared to other clouds. Stratocumulus shows
moderate variation for PWV as it produces less precipitation compared to nimbostratus and high precipitation
compared to Altostratus clouds. The plot for Brightness temperature (K) of Stratocumulus, Altostratus and
Nimbostratus clouds for a period of January-December 2014 is given in Fig.3.
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Fig.3.Brightness temperature of Stratocumulus, Altostratus and Nimbostratus clouds in Kelvin

In Fig.3, the Altostratus clouds and Stratocumulus clouds shows high brightness temperature values
compared to Nimbostratus clouds. It is observed that the PWV values for the clouds increases with a fall in brightness
temperature and also decreases with an increase in brightness temperature.

It is analyzed that the Nimbostratus, Altostratus and Stratocumulus clouds are showing a zigzag pattern for
brightness temperature. Nimbostratus shows low PWV in May and high PWV value in June and October. It is
observed that the brightness temperature of Stratocumulus clouds increase linearly from its lower value in January
and reaches maximum value in March. The brightness temperature of Stratocumulus clouds linearly decreases after
the month August. Altostratus clouds also hold a lower value in January and it reaches its peak in July.

Nimbostratus shows high brightness temperature 238.99 K in June and October and shows low brightness
temperature 231.12 K in May. The brightness temperature for Altostratus during January is 230.7937 K, which is
lowest and possesses a higher value 245.6 K in July. In January, Stratocumulus clouds hold a lower value for
brightness temperature 228.333K and a higher value 244.1K in March.

During July, both Nimbostratus and Stratocumulus clouds gives lower values while Altostratus reaches its
peak in July. Usually warm air holds more water vapour than dry air. But, here it is observed that the PWV for
Altostratus is 8.6081 kg/m?, which is very less when compared to other clouds and hence during July the precipitation
produced by Altostratus clouds is very less compared to Nimbostratus and Stratocumulus clouds. During December,
except Stratocumulus, both Nimbostratus and Altostratus clouds shows a slight increase in brightness temperature.
It is observed that sometimes, even in the presence of precipitation clouds the rainfall may not take place. These rare
scenarios are analyzed using the parameters Precipitable Water Vapour and Brightness Temperature.

Table.1.shows the calculated PWV values for Nimbostratus, Stratocumulus and Altostratus clouds during
precipitation and when there is no precipitation.

Table.1.PWV Values of Nimbostratus, Stratocumulus and Altostratus Clouds during Precipitation and
without Precipitation in kg/m?

Month Nimbostratus Stratocumulus Altostratus
Precipitation No Precipitation No Precipitation No
Precipitation Precipitation Precipitation

January 51.0604 1.4952 13.1526 - 19.4811 2.2112
February 27.8096 1.1143 - 3.6019 57.9751 0.5582
March 19.3432 1.3667 5.4936 - - 2.1599
April 37.9674 2.6522 5.0098 1.8420 22.7181 2.5534
May 19.2519 2.4218 - 2.5812 - 2.0923
June 25.3076 1.3225 14.4022 2.2035 - 2.2726
July 32.9290 2.2084 - 3.0917 - 8.6082
August 53.6438 2.4622 - 2.9408 - 5.2941
September 19.7749 - - 1.1449 - 1.8415
October 28.5124 2.0217 20.8760 1.8998 - 1.8429
November 22.1209 - 8.0451 1.0076 23.4665 3.7037
December 26.9670 2.6346 - 1.0696 10.3325 3.3089

The change in PWV values during the different scenarios- precipitation and no precipitation are studied for
the different precipitating clouds. It is observed from Table I, that the PWV values during precipitation are higher
than PWV values during no precipitation. In Table I and Table 11, spaces are left as some data are unavailable.

Nimbostratus clouds show a high PWV values 51.0604 kg/m? in January and 53.6438 kg/m? in August during
the case of precipitation. It is observed that during precipitation, the Nimbostratus clouds shows low PWV values
19.3432 kg/m?, 19.2519 kg/m?, 19.7749 kg/m?in March, May and September respectively. Nimbostratus clouds are
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low level clouds and are associated with continuous precipitation. As the PWV values increases the rate of
precipitation also increases. In some exceptional cases, there will be no precipitation even in the presence of
precipitating clouds. In such cases i.e., during no precipitation the PWV values are very low compared to the case
when there is precipitation. From the available data, it is observed that Nimbostratus clouds show least PWV value
1.1143 kg/m? in February and hence it does not produce precipitation.

Similarly, Stratocumulus clouds shows a PWV 20.8760 kg/m? in October during precipitation, which is very
less when compared to Nimbostratus clouds. The lowest value observed during precipitation for Stratocumulus
clouds is 5.0098 kg/m? in April. It is seen that, in the case of no precipitation, Stratocumulus clouds possess lower
PWV 1.0076 kg/m?during the month November, and higher PWV value 3.6019 kg/m?in February, from the available
data. In October, the PWV values obtained for Stratocumulus clouds, during precipitation and no precipitation are
20.8760 kg/m? and 1.8998 kg/m? respectively, shows a noticeable difference.

Altostratus clouds show a high PWV value 57.9751 kg/m? and low PWV value 0.5582 kg/m? in February.
So it can be explained as, due to high PWV value altostratus produces precipitation in February and no precipitation
occurs due to the drastic fall in the PWV value in the same month. From Table | it is seen that the difference between
PWYV values during precipitation and no precipitation cases are higher, in the same months. The sudden fall in the
PWV values will affect the nature of precipitation.

The brightness temperature values for a period of January-December 2014 during precipitation and without
precipitation are shown in Table.2. It is observed that, when the Brightness temperature is lower, the PWV values
are higher and vice versa.

From Table.2, it is analyzed that the brightness temperature values of Nimbostratus, Stratocumulus and
Altostratus clouds gives low values during precipitation when compared to that without precipitation.

In the case of precipitation, Nimbostratus exhibit higher brightness temperature value 236.2 K in June and
lower brightness temperature 217.7 K in April. In the case of no precipitation, Nimbostratus shows a low brightness
temperature 238.1 K in February and high value for brightness temperature 247.1 K in May. It is observed that
Stratocumulus possess a high value of 244.1 K and a low value 230.4 K, during precipitation. In May, Stratocumulus
exhibits a brightness temperature of 249.5 K and in November it exhibits 236.9 K, in the case of no precipitation.
Altostratus holds a higher brightness temperature 236.9 K in December and a lower value 218.6 K in February,
during precipitation. In the case of no precipitation, altostratus shows a high brightness temperature 256.2 K in
October and a low brightness temperature 232.3 K in February. It is noticed that in February Nimbostratus,
Stratocumulus and Altostratus clouds possess lower brightness temperature, in the case of no precipitation. In the
scenario of no precipitation, both Stratocumulus and Altostratus clouds possess higher brightness temperature than
the Nimbostratus clouds.

Table.2.Brightness temperature values of nimbostratus, stratocumulus and altostratus clouds during
precipitation and without precipitation, in kelvin

Month Nimbostratus Stratocumulus Altostratus

Precipitation No Precipitation No Precipitation Non-
precipitation precipitation precipitation

January 224 241 232.1 - 224.1 252.6
February 220.5 238.1 - 238 218.6 232.3
March 227.5 257.8 244.1 - - 233.7
April 217.7 249.3 239 - 229.6 250.6
May 230.8 247.1 - 249.5 - 248.5
June 236.2 246.7 235.6 249.2 - 253.2
July 231.8 254.2 - 241.6 - 245.6
August 228.1 243.4 - 245.3 - 241.8
September 232.9 - - 245.3 - 252.4
October 231.8 242.6 230.4 239.8 - 256.2
November 228.3 - 235.1 236.9 225.7 245.5
December 231.1 252.8 - 242.3 236.9 243.8

4. CONCLUSION

The study of Precipitable Water VVapour variation for the Nimbostratus, Altostratus and Stratocumulus clouds are
done. The water vapour absorbs radiations in sub-millimeter range and is more sensitive to greenhouse effect. The
increasing interest in the study of water vapour has a vital role in the area of weather forecasting and climatic studies.
The identification of precipitating clouds provides information about changes that occur in the atmosphere and
facilitates the study on Energy budget. The change in climatic features results in the variation of cloud properties.
The variation of PWV for precipitating clouds is studied. The analysis shows that the PWV values for Nimbostratus
clouds are higher than Altostratus and Stratocumulus clouds. Currently, it becomes crucial to study the role of clouds
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in climate changes for understanding the effects of global warming. The knowledge about precipitating clouds helps
in aviation, marine navigation etc.
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