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ABSTRACT

The dew point temperature is related to the total water vapor content available in the atmosphere column. In this
study, Water Vapor Content (WVC) from Tropical Rainfall Measuring Mission (TRMM) Microwave Imager (TMI) and
Relative humidity from Research Moored Array for African-Asian-Australian Monsoon Analysis (RAMA) buoy data has
been utilized to make a relationship between satellite measured WVC and Dew point temperature. This study focuses
on the development of an algorithm to estimate the surface dew point temperature from satellite-based WVC.
Regression coefficients are established using 9-years (2004-2012) data of Dew point Temperature computed from
Relative humidity and satellite measured WVC. 1594 data points are observed weekly, mean monthly collocated data
points are considered to examine the relationship between Dew point temperature and WVC.
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INTRODUCTION

Dew point temperature or surface moisture content is
one of the important parameters in the estimation of
evaporation rates over the oceans. Heat supplied by the
tropical oceans through evaporation is utilized for the
development of large-scale weather systems. The
turbulent motion in the lower atmosphere effects the
evaporation, it is dependent upon the low-level vertical
moisture gradient and the surface winds. There is no
satellite sensor which directly measures the dew point
temperature. Hence, need to find out a method to
estimate the dew point temperature or relative humidity
from available satellite data. The surface level humidity
is an indicator of dew point temperature; many
researchers studied the relationship between the
logarithmic water vapor content and the dew point
temperature, reported that wvc and dewpoint
temperatures are highly correlated (Reitan 1963,
Bolsenga 1965, Smith 1966, Lowry and Glahn 1969,
Tomasi 1981, Liu and Niiler 1984., Liu 1986, Rao et al.
1986, Mears 2007.). Rietan (1963) carried out a study on
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the relation between the mean monthly total water
vapor content and surface dew point temperature; in
this study, he found that the correlation coefficient is
0.98 between total water vapor content and surface dew
point temperature. As well as Bolsenga (1965) carried
out the same study between mean daily and hourly
parameters. He concluded that the mean daily data
yielded better correlation compared to the hourly data.
Smith (1966) found the errors are as large as 50% based
on mean monthly data and suggested considering the
latitudinal and seasonal dependency.

All  these in the view of
measurements of total perceptible water over oceans is
very difficult, hence the estimation of this parameter can

studies carried out

be made possible through the measurement of surface
dew point temperature. The total water vapor content
possible with the satellite
(Hollinger 1990, Melsheime 2008).
Estimation of dew point temperature is inevitable to
compute evaporation rates over the oceans using
satellite data. Liu and Niiler (1984) and Rao et al., (1986)

estimations made

measurements
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had an attempted retrieval of dew point temperature
from satellite measured total water vapor content. Lu
(2007) carried out a study that the relationships
between water vapor and temperature through
theoretical analysis.

In this study, we made an attempt to develop the
relationship between the total water vapor content and
the dew point temperature over the North Indian Ocean
using collocated data set created with RAMA buoy data
(https://www.pmel.noaa.gov/tao/drupal/disdel)
TMI data (https://www.remss.com/missions/tmi).
North Indian Ocean has complemented with
extraordinary phenomena such as Somali current,
equatorial jets, the western boundary current or east
India current, monsoon winds and formation of tropical
cyclones, etc, because of these conditions we attempted
in North Indian Ocean region. Small work has been
carried out in this region (Rao et al., 1986). Based on this
case we attempted here to understand the relationship
between total water vapor content and dew point
temperature using RAMA buoy data and TMI data.

and

DATA AND METHODOLOGY

Previous studies have proven that Moisture contains in
the atmosphere is more at the surface and decreases
with height (Reitan, 1963 and Smith, 1966). It implies
that the moisture in the atmosphere has some uniform

lapse rate. The formula for computing integrated Water
25 1 1
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Vapor Content (WVC() is;

z

wvce = fpwdz
0

Where ‘7’ is the height of the atmospheric column, ‘pw’ is
specific humidity of the layers and ‘dz’ is the layer
height.
Based on the literature, the dew point temperature (Td)
is related to WVC as follows.

T, =A+ BIn(WVC)
Where the coefficients of ‘A’ and ‘B’ are obtained by the
least square optimization fit of collocated points of Td and
WVC. Atmospheric Moisture profiles are highly variable in
spatial and temporal, particularly in North Indian Ocean
region due to very localized weather conditions; we have
made a collocated database for the North Indian Ocean.
Acquired relative humidity from RAMA buoys during
2004-2012 over North Indian Ocean region. From this
buoy data, we computed the dew point temperature using
the method given by Mark (2005) and Tetens (1930)
coefficients. Weekly and monthly WVC data have been
acquired from TMI and collocated data has been
prepared. The daily RAMA buoy relative humidity data
made as weekly and monthly with correspondence to TMI
data. This database was considered to study the
relationship between dew point temperature and WVC.
Buoy locations in the North Indian Ocean region are
presented in figure-1 which is used for study the relation.
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Figure 1. RAMA Buoy Locations in the North Indian Ocean.
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RESULTS AND DISCUSSION:

During the study period 2004-2012, 1594 collocated
data points are observed. In the month of June, the
minimum (100) and month of December maximum
(183) data points are observed. With these whole data
points, we generated the statistics for weekly, monthly
and seasonally, the coefficient of determination (RZ2)
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(hereafter CD) also computed and presented in table 1.
In statistics, CD indicates how much closer the data to
each other. From the table 1, the R2 value is as high as
0.811 in the month of January and is low in October as
0.05. 380 collocated data points ware observed in the
monthly database.

Table 1. Weekly, Monthly and Season wise statistics on the relationship of dew point and WVC.

Monthly Seasonal
Month Weekly Database Monthly Database Season WDB MDB
(WDB) (MDB)
No. Of R2 No. Of R2 No. Of R2 No. Of R2
Points Points Points Points
January 153 0.811 33 0.9 DJF 466 0.737 109 0.779
February 130 0.665 33 0.74 MAM 353 0.387 82 0.343
March 125 0.399 28 0.32 JJAS 455 0.288 110 0.477
April 115 0.242 27 0.13 ON 320 0.208 79 0.257
May 113 0.251 27 0.38 DJF - December, January & February
June 100 0.42 24 0.72 MAM - March, April & May
July 110 0.464 25 0.69 JJAS - June, July, August & September
August 115 0.148 29 0.4 ON - October & November
September 130 0.322 32 0.46
October 156 0.05 36 0.003
November 164 0.339 43 0.4
December 183 0.797 43 0.85
All 1594 0.576 380 0.62

We divided the database into 4 seasons like December,
January and February (DJF or winter), March, April and
May (MAM or summer), June, July, August and
September (JJAS or monsoon) and October, November
(ON or post-monsoon) with monthly and weekly data.
CD is quite good during winter (monthly data wise
R2=0.78) as well as poor (weekly data wise R2=0.21)
during post monsoon. When studying the moisture
profiles, the specific humidity will be high in the upper
layers during monsoon and the post-monsoon period
and it is not pseudo-adiabatic as assumed. This could be
due to the moisture pumping from the surface during
monsoon and cyclonic activities (October & November).

The CD value is 0.576 for weekly data and improved for
monthly data to 0.617. The scatter diagram for the whole
data with weekly and monthly are presented in figure 2.
The estimated coefficients of ‘A & B’ are 4.679 and 5.069
from the total monthly data set. It is a known fact that
the values are averaged over a month, the errors in the
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moisture profile were minimized; hence the values are
improved from weekly to monthly. Logarithmic WVC is
spread between 2.7 and 4.5 during the winter (D]F),
whereas these values are confining to 3.7 to 4.7 during
monsoon (JJAS). This reveals that the moisture content is
high and narrow distribution during monsoon. The high
CD during winter indicates that the surface dew point is
representing the total perceptible water and the
coefficients are estimated as A=3.445 and B=5.327. The
poor CD during monsoon and post-monsoon is due to
high moisture in the upper levels of the atmosphere, this
leads to a low relationship between surface dew point
and WVC. Vertical distribution of humidity over Minicoy
Island during January and June has been explained by
Rao et al, (1986). He showed that in-general the
humidity is higher in June compared to January and its
difference is larger when approached to higher altitudes
(about 700mb). Its general observation that the
moisture content is high in the upper layers during the


https://doi.org/10.33687/jsas.009.02.3660

J. S. Asian Stud. 09 (02) 2021.107-111

cyclone period compared to normal conditions. In
October and November, the tropical cyclones are more
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in the Bay of Bengal, hence we assumed that the poor
coefficient of determination observed.
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Figure 2. Scatter diagram between the Logarithm of WVC and Dew Point Temperature for the whole dataset weekly

(a) and monthly (b).

CONCLUSIONS

The coefficients of ‘A and B’ are derived from the
monthly data set is found to be suitable for the
estimation of dew point temperature, with a CD of 0.617
for the WVC and dew point temperature.

During winter the relationship found to be good,
indicating that the surface dew point temperature is
representing the WVC, whereas poor correlation during
monsoon and post-monsoon are due to failure of the
assumption of the pseudo-adiabatic lapse rate.

The estimation of dew point temperature can be made
from satellite-based WVC with the equation developed
using the total monthly data set. However, the winter
equation can be suggested for December, January and
February months. The weekly database generated
coefficients also can be used for estimation of weekly
dew point temperature since the weekly and monthly
correlations are found to be closer.
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