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Introduction
The applications of isotopic analysis of atmospheric air moisture in 

hydrology are already established by National Institute of Hydrology 
(NIH), Roorkee in various studies [1-9]. These applications are mainly 
based on the measurements of water isotopes on the principle that 
the lighter isotopes of water (e.g., H2O) preferentially evaporate over 
heavier isotopes of water (e.g., HDO or H2

18O), and heavier isotopes 
preferentially condense.

The southwest monsoon brings large amount of moisture on the 
Indian sub-continent during the period mid-June to September and in 
India, monsoon winds travel more than 2000 km from east coast of India 
to Northwest Himalayas before finally escaping into Pir Panjal. Earlier 
studies on monsoon dynamics [10-13] mainly relied on conventional 
meteorological parameters such as temperature (continental and sea 
surface), relative humidity, wind speed, wind direction, cloud pattern 
etc. However, sufficient accuracy in onset of monsoon, its dynamics on 
the continent and the timing of its withdrawal is not well understood. 
The complexity of the phenomenon is due to link between mixing of 
sub-regional moisture with continental scale moisture arising directly 
from Arabian Sea and/or Bay of Bengal and/or Indian Ocean. But due 
to the phenomenon of systematic depletion of atmospheric moisture 
and it’s recycling due to condensation and evaporation, it is possible to 
track the movement of air moisture. 

This is for the first time in India, to establish southwest monsoon 
track, a network of stations was established all over India for collection 
of ground level vapor (Glv). 

Material and Methods
For collection of Glv, the stations were established at Roorkee, 

(2008) in foot hills of Shiwalik (Uttarakhand), Sagar (2008) in Central 
India (Madhya Pradesh), Jammu (2010) in Sub-Himalayan region 
(Jammu & Kashmir), Kakinada (2010) in coastal region (Andhra 

Pradesh), Tezpur (2011) in North-Eastern region (Assam), Kanpur 
(2011) in Indo-Gangetic plains (Uttar Pradesh) and Manali (2011) 
in Himalayan region (Himachal Pradesh) as per the details shown in 
Figure 1.

Identical procedure of sample collection by condensation method 
is followed at all the stations [7,14]. The air moisture samples, for isoto-
pic analyses, are collected one sample per day on daily basis from 9.30 
am to 10.00 am by condensation method. The time is preferred 9.30 am 
to 10.00 am due to (i) the relative humidity is usually higher compared 
to that in the afternoon. The higher the humidity, the greater will be the 
volume of liquid condensate collected in a given time. (ii) the tempera-
ture around this time is comparatively lower, and therefore, condensa-
tion is more and evaporation from the collected liquid is less. (iii) the 
melting of ice cubes in the aluminium cone is minimal and therefore, 
condensing efficiency of the cone does not change drastically over an 
hour or so during the sampling period. 

The location of the sampling is kept fixed for all the study period. 
The condensation device was kept in a Stevenson screen at a height of 1 
meter from the ground level. 

The samples were analysed for stable isotope (2H or D) in water 
using GV-Isoprime Dual Inlet Isotope Ratio Mass Spectrometer [14]. 
The daily isotope values for all the stations were averaged on monthly 
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Results and Discussion
In the present study, a stronger isotopic depletion in the Glv with 

higher latitude, altitude and distance from coast i.e. continental effect 
has been noticed which clearly indicate ‘latitude effect’, ‘altitude effect’ 
(generally, 1-4‰ depletion in δD values per 100 m) and ‘continental 
effect’ (generally 2‰ depletion in δD values per 100 km) (Figure 2). 
These effects were earlier recorded in the precipitation and now these 
can be deciphered in atmospheric water vapour samples also.  The order 
of depletion in the δD values was in the following order Roorkee>Kanp
ur>Tezpur>Jammu>Manali>Sagar>Kakinada.

During monsoon season (June to September) over the Indo-
Gangetic plains (Roorkee, Kanpur, Sagar, Jammu, Tezpur) moist winds 
blow in Southwest direction. The change in wind pattern occurs from 
winter to the onset of monsoon during which the Himalayan winds 
blow over the Indo-Gangetic plain in the Northeast direction. The 
changing wind direction is expected to affect isotopic composition of 
moisture, temperature and absolute humidity.

Similarly, the more depleted δD values observed in all the 
continental stations except Kakinada during mid-monsoon period 
indicated an ‘‘amount effect’’ on Glv phase stable water isotopes. The 
‘amount effect’ has already been indicated in the precipitation samples 
on Global scale and Asian scale by Rozanski et al. [15] and Vuille et al. 
[16] respectively. 

Southwest monsoon dynamics is a large scale phenomenon 
and local effects do not influence much, otherwise, we should have 
observed these effects in our data. Since, major source of moisture at 
all the stations is due to combination of Bay of Bengal, Arabian Sea 
and India Ocean (Figure 3) coupled with relative distance from these 
sources; similar isotopic results may be expected at all the places. 
Minor local effects do show deviation during southwest monsoon at 
these stations. The data is prone to be affected by local variability and 
therefore, we have used monthly average data. As per IMD, New Delhi 
(Figure 4) there is a difference of more than 15 days in the time of onset 
and withdrawal of monsoon at these stations. 

basis for the period April to December due to (i) at the station Manali, 
due to heavy snowfall the sampling was possible only for this period (ii) 
the month and year of establishment of all the stations was different as 
per the details given in Figure 1. 

The details of meteorological parameters of the sampling stations 
is given in Table 1. 
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Location Altitude 
(m)

Distance 
from Sea 
(km)

Starting 
Date

Roorkee 268 1545 Jul. 2007

Sagar 527 867 Apr. 2008

Jammu 292 1973 Apr. 2010

Kakinada 2 19 May 2010

Tezpur 48 640 May 2011

Kanpur 128 957 Jul. 2011

Manali 3000 1610 Sep.2011

Figure 1: Sampling locations.

Sr. No. Location Average Temperature 
(°C)

Average 
Relative 

Humidity (%)

Annual Rainfall 
 (mm)

1 Kakinada 29 74 1458
2 Sagar 26 52 1279
3 Manali 13 71 1364
4 Jammu 24 73 1193
5 Tezpur 25 79 1809
6 Kanpur 24 66 881
7 Roorkee 23 78 1156

Table 1: Meteorological parameters of the sampling locations.
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Figure 2: Variations in isotope composition of Glv.
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Conclusion
A stronger isotopic depletion in the Glv with higher latitude, 

altitude, distance from coast and rainfall has been noticed which clearly 
indicated ‘latitude effect’, ‘altitude effect’, ‘continental effect’ and ‘amount 
effect’.

The specific depleted values of δD of Glv during SW monsoon 
period and the extent of its depletion is directly linked with monsoon 
strength and is helpful in tracking movement of monsoon vapors and 
hence the South-West monsoon transect was established (Figure 5).

The Glv received during SW monsoon period is always depleted 
as compared to the Glv received during non-monsoon period in the 
continental stations and the extent of depletion in isotopic composition 
of Glv and period over which this depletion continues is directly linked 

with monsoon strength (intensity, episodes and duration), showing a 
possibility of using isotopes to monitor movement of monsoon vapors.  

The isotopic spectra grossly correlate in most part of the spectrum. 
This clearly indicates that although rainout process take place locally, 
its effect on the atmospheric water vapours can be observed over long 
distances and this opens up possibility of monsoon prediction through 
monitoring of atmospheric water vapour. 

The success of the present study, which focuses on observations 
from multi-stations provide rapid communication of the new idea and 
new technology in the atmospheric dynamics. However, taking long 
term data correlation can verify the philosophy and results of the paper 
but that would further establish the conclusion drawn. 

Although the isotopic composition is area specific but as the 

Figure 3: Various air moisture sources 1. Western Disturbance 2. North 3. Indian Ocean, Arabian Sea and Bay of Bengal 4 & 5. Local 6. Arabian Sea 7. Indian 
ocean & Arabian Sea [5].

 
Figure 4: Normal dates of onset and withdrawal of south-west monsoon.
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changes in the regional weather at one parts of the country may affect 
moisture flow in other part of the country the relative and dependent 
effects may be observable through micro investigations as provided in 
the present paper. 
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