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Abstract – The isotopic data of atmospheric air moisture gathered from Kakinada in seaside district 
(Andhra Pradesh), Sagar in Central India (Madhya Pradesh), Kanpur in Indo-Gangetic plains (Uttar 
Pradesh), Roorkee in foot slopes of Shiwalik (Uttarakhand), Jammu in Sub-Himalayan area (Jammu and 
Kashmir) and Manali in Himalayan district (Himachal Pradesh) estimated in Isotope Laboratory of NIH, 
Roorkee and has been broke down utilizing Mat lab to discover the local/territorial part of atmospheric 
moisture. The aim of this paper is to define the southwest monsoon with Geospatial effect of air 
moisture. The isotopic examination affirms the continental and altitude effects, which were prior 
deciphered by the precipitation. Further, the isotopic data investigation approves the effect of local 
moisture on rainfall and help in settling the moisture sources in various seasons. Air moisture is utilized 
to investigate geospatial correlation in moisture inconstancy. This investigation further infers that the 
isotopic composition of air moisture can be connected for finding the beginning of monsoon. scotopic 
composition of GLV collected at both the destinations is thought about and it is discovered that the two 
isotopic spectra grossly correlate all things considered piece of the range showing that in spite of the 
fact that rainout process occur locally, its impact on the atmospheric water vapors can be seen over long 
separations. This opens up the possibility of monsoon prediction through observing of atmospheric 
water vapor. 
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INTRODUCTION 

Monsoon, which means season, is the wind 
framework over India and adjoining oceanic regions 
that blows from the southwest a large portion of the 
year and from the upper east amid the other half. 
The occasional inversion of the wind direction 
happening in May brings plentiful moisture from the 
warm waters of the tropical ocean to the Indian 
continent through south westerlies. The majority of 
the yearly rainfall in India happens from June to 
September amid what is alluded to as the late spring 
monsoon or southwest monsoon. The winter 
monsoon or the upper east monsoon conveys rainfall 
toward the southeastern piece of India through 
northeaster lies amid October to December  

In addition, contributes a little rate to the yearly 
Indian rainfall. 

Atmospheric moisture is a significant part in the 
water cycle and its real motion on the Indian 
subcontinent comes through southwest monsoon 
that confers through Arabian Sea and Bay of Bengal 
branches [1]. The process of following the adventure 
of water particles utilizing stable isotopes of oxygen 
and hydrogen can prompt a quantitative 

comprehension of the related physical processes 
due to the isotopic fractionation being 
corresponding to the degree the process has 
progressed. Monsoon is a large-scale wind flow 
phenomenon that expedites large measure of 
moisture the Indian sub-continent.  

Prior certain investigations [2-4] were completed 
utilizing conventional meteorological parameters on 
monsoon elements aside from timing of beginning 
and withdrawal of monsoon because of the 
intricacy between blending of sub-regional moisture 
with continental scale moisture emerging 
straightforwardly from Arabian Sea or potentially 
Bay of Bengal as well as Indian Ocean. Datta et al. 
[5], Bhattacharya et al. [6], and Peng et al. [7] 
portrayed isotopes in precipitation, which is an 
occasion-based phenomenon and that too for the 
most part amid monsoon; the results of these 
works could not be utilized for displaying and 
prediction. 

Prior certain investigations [2-4] were done utilizing 
conventional meteorological parameters on 
monsoon elements aside from timing of beginning 
and withdrawal of monsoon because of the 
multifaceted nature between blending of sub-
regional moisture with continental scale moisture 
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emerging legitimately from Arabian Sea as well as 
Bay of Bengal and additionally Indian Ocean. Datta 
et al. [5], Bhattacharya et al. [6], and Peng et al. [7] 
portrayed isotopes in precipitation, which is an 
occasion-based phenomenon and that too 
essentially amid monsoon; the results of these works 
could not be utilized for demonstrating and 
prediction. 

A couple of contextual analyses on this philosophy 
were analyzed in coastal China [9,10]. In India, the 
investigations on isotopic composition of air moisture 
were completed at National Institute of Hydrology, 
Roorkee (I) to distinguish the air moisture sources; to 
think about the climatological conditions [12]; to 
discover the correlations between isotopic 
composition of air moisture at Roorkee with 
Hyderabad, Sagar, Kanpur, Jammu and Manali [17]. 

Department of Science and Technology, 
Government of India, started a National Program on 
Isotope Fingerprinting of Waters in India (IWIN) in 
2007 to collect groundwater, surface water and 
atmospheric waters to get the principal level 
nationwide data on isotopic marks of water resources 
of India. Under this, a system of stations have been 
established in the southwest monsoon transect by 
National Institute of Hydrology (NIH), Roorkee for 
collection of atmospheric moisture tests at Kakinada 
in 2010 at coastal area (Andhra Pradesh), Sagar in 
2008 in Central India (Madhya Pradesh), Kanpur in 
2011 in Indo-Gangetic plains (Uttar Pradesh), 
Roorkee in 2008 at foot hills of Shiwalik 
(Uttarakhand), Jammu in 2010 in Sub-Himalayan 
locale (Jammu and Kashmir) and Manali in 2011 in 
Himalayan district (Himachal Pradesh) and the 
correlation is named as southwest monsoon 
transect. In the present investigation, an exertion has 
been set aside a few minutes to examine change in 
isotopic composition of atmospheric moisture at the 
stations situated from coastal to Himalayas. 

Stable isotopes of oxygen and hydrogen have for 
quite some time been utilized to follow the 
hydrological processes1 on the rule that the lighter 
isotopes of water (for example H2O) preferentially 
evaporate over its heavier isotopes (for example 
HDO or H2 18O), and the heavier isotopes 
preferentially condense2. In this line, a few studies3– 
5 were completed everywhere throughout the world 
to portray the local transient lines for summing up the 
amalgamation of different hydrological processes 
occurring over numerous temporal and spatial 
scales. 

various applications of air moisture isotope thinks 
about are established and these applications are: 
recognizing the air moisture sources at Roorkee, 
concentrating the climatological conditions; watching 
the isotopic correlation in various geographic 
conditions as Indo-gangetic plains, Himalayan district 
and North and South. In this arrangement, the 
examinations were completed to investigate the 

geospatial effects on moisture elements in Tezpur 
(Assam) and Roorkee (Uttarakhand). 

Monsoon rainfall 

It is well known that most of the rainfall in India 
occurs during the June-July-August-September 
(JJAS) season. In addition to year-to-year variability, 
there is also large spatial and intraseasonal 
variability of the summer monsoon rainfall in India. 
The primary reason for this variability is that the 
rainfall is associated either with the intensification 
and/or displacement of the monsoon trough (or 
ITCZ) over northern India or with the monsoon 
depressions that form over the adjoining seas and 
move over land. A small fraction of the annual rainfall 
occurs over the southeastern region during October-
December winter monsoon. 

Study Area 

The samples were collected at Kakinada, Sagar, 
Kanpur, Roorkee, Jammu and Manali and the 
detail of the meteorological parameters of these 
stations is given in Table 1 and Figure 1. 

2. METHODOLOGY 

Sample collection 

The condensed air moisture samples for isotopic 
investigations were collected on everyday schedule 
at all the stations from 9.30 am to 10.30 am by 
condensation technique. In this technique, the air 
moisture test is collected utilizing the funnel shaped 
condensation device. In the wake of setting up the 
cone shaped condensation device the date, time, 
temperature and relative humidity are recorded 
utilizing thermo-hygrometer. The samples are 
collected at Kakinada in 2010 to 2012, Sagar in 
2008 to 2012, Kanpur in 2011 to 2012, Roorkee in 
2008 to 2012, Jammu in 2010 to 2012 and Manali 
in 2011 to 2012. The samples at Manali could not 
be collected amid the period December to April 
because of heavy snowfall. Data concerning day by 
day meteorological variables, including surface air 
temperature (least temperature, most extreme 
temperature and mean temperature) and relative 
humidity was likewise recorded at all the stations. 

Sample analysis 

Stable isotopes (2H or D) in water were broke 
down utilizing GV-Isoprime Dual Inlet Isotope Ratio 
Mass Spectrometer. For δ D examination, 400 µl of 
the water test is equilibrated with H alongside Pt 
catalyst at 40°C for 3 hrs, and afterward the 
equilibrated gas is brought into the mass 
spectrometer. The deliberate qualities are 
accounted for as delta (δ) values. The precision of 
measurement for δ D was inside ± 1%. 
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Before doing the factual examination, processing of 
isotopic estimations of air moisture acquired for 
various stations has been done. The time of 
collected samples of air moisture varies from 2 to 5 
years and there is a variation of data collection dates 
in every year. In this way, a program is created in 
Matlab to register average estimations of the isotopic 
composition (δD) on various dates from the watched 
data. Further, the isotopic data was factually 
investigated by figuring the combined isotopic 
qualities (δD) of the considerable number of stations 
utilizing Matlab software. 

3. RESULTS AND DISCUSSION 

The cumulative isotopic composition (δD) of air 
moisture of the considerable number of stations 
(Manali, Sagar, Kakinada, Kanpur, Jammu and 
Roorkee) is appeared in Figure 2. It is seen that the 
slope of the considerable number of stations 
changes with time aside from Kakinada station 
where it stays consistent entire year because of the 
continuous air moisture supply got from the Bay of 
Bengal. Based on change in slope, the equations 
were created for every one of the stations (Tables 2 
and 3), which are distinctive if there should be an 
occurrence of the considerable number of stations 
because of the distinction in air moisture sources. 

The most exhausted qualities for cumulative δD were 
seen at Roorkee which is trailed by Kanpur, Jammu 
and Sagar which might be deciphered because of 
the Continental impact. In Manali, the depletion is 
discovered just in the monsoon season because of 
the air moisture. In any case, no depletion was found 
in the pre (May-June) and post monsoon (October-
December) seasons. 

No change in slopes is seen in Kakinada (entire 
year) and pre and post-monsoon months in Manali 
because of recycling of air moisture. Based on data 
and change in slope, the dates where the slope is 
changing can be recorded which is useful in finding 
the beginning and withdrawal dates of the monsoon 
for every one of the stations. The dates 

 

Figure 1 – Stations established by NIH, collection 
of air moisture by Roorkee. 

Table 1: Meteorological parameters stations. 

 

Table 2: All the sample-collecting stations of air 
moisture 

 

Table 3: All the sample-collecting stations for 
change dates in slopes 

 

 

Figure 2 - Cumulative isotopic composition of 
air moisture. 

Of air moisture, beginning from local/regional 
sources can be effectively separated from the air 
moisture got through the SW monsoon. According 
to IMD, New Delhi the ordinary dates for beginning 
of monsoon in Kanpur, Roorkee and Jammu are 
seen between 25th June to first seven day stretch 
of July yet according to the isotopic data the dates 
watched went from 26th May to third July showing 
that the air moisture arrives earlier than the 
genuine precipitation, which is useful in anticipating 
the beginning of monsoon. 
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CONCLUSIONS 

The isotopic examination confirms the continental 
and altitude effects which were earlier deciphered by 
the precipitation. Further, the isotopic data 
investigation approves the effect of local moisture on 
rainfall and help in settling the moisture sources in 
various seasons. This investigation further presumes 
that the isotopic composition of air moisture can be 
connected for finding the beginning of monsoon.  

The isotopic composition of water vapors have 
appeared great correlation in time domain in inferring 
monsoon signal which opens up the possibility to 
utilize isotopes in air moisture for monsoon ponders. 
The isotopic composition of vapors related with 
monsoon is constantly exhausted in contrast with 
non-monsoon vapors; in this manner, isotopes might 
be utilized to follow movement of monsoon vapors. 
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