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ABSTRACT 
  
In the present study, an attempt has been made to correlate the isotopic composition of the air moisture samples 
collected on daily basis by condensation method over a period of five years (2007-11) with the meteorological 
parameters.  The trend of stable isotopic composition of air moisture for the past 5 years indicates a systematic 
depletion in isotopic average while the maximum depleted value of air moisture has been found almost same in 
all the five years which indicates the changing climatological conditions at Roorkee i.e. increased arrival .of 
oceanic vapours with time. This is a very important phenomenon and need to be understood fully. The isotopic 
composition of air moisture for the monsoons over a period from 2007 to 2011 shows a systematic depleting 
trend with an overall depletion by approximately 33‰ for δ18O and 60‰ for δ2H in 5 years. This systematic 
trend of change in stable isotopic composition indicates towards the change in climatological conditions at 
Roorkee in recent years which is also seen in other meteorological data. Further, investigations are in progress 
in this aspect which can contribute to improve the understanding of the isotope-hydrometeorology of India as 
well as to consider the stable isotopic signatures of air moisture and precipitation as one of the important 
meteorological parameters because other meteorological parameters only show the change in weather 
conditions while isotopic signatures also indicate the cause and source. 
 
1.0 INTRODUCTION 
  
Atmospheric water vapour is an important component of the Earth’s hydrological cycle and its climate system 
because of its control on freshwater availability and heat & radiation budget. Water vapour is also an important 
greenhouse gas with a positive feedback to global warming. As global temperature rises, the amount of water 
vapour in the atmosphere may be expected to increase due to increased global evaporation. Therefore, 
atmospheric water vapour is being studied by hydrologists, meteorologists and climatologists with equal 
curiosity to more clearly understand how the changing water distribution across the Earth is affecting the 
climate. 

 
Air moisture plays a crucial role in the water & heat budgets of the atmosphere and due to short residence time 
of water in atmosphere than to the mixing times in the atmosphere results in large variability in the amount of 
water in the lower atmosphere in both space and time. The actual amount of water vapour in the air depends on 
degree of heat (temperature) and dryness (relative humidity) of the area. Although, this water is usually invisible 
vapour but can be seen when air rises and cools, some of the water vapour turns into drops of liquids, forming 
the clouds, mist and haze that continually surround the Earth through the process of condensation. The moisture 
in the form of invisible vapour reaches in the atmosphere through evaporation from various water sources. For 
identifying the sources and their temporal evolution in response to changes in meteorological and geographical 
controls and their spatial distributions require tools that can trace water molecules through their annual 
hydrological cycle [1, 2] can be done through studies of stable isotopic composition of oxygen and hydrogen 
(δ

18
O and δ

2
H) in the air moisture.  

  
The heavy stable isotopes of oxygen and hydrogen, (18O and 2H), are particularly useful tracers of climatological 
and hydrological processes because of systematic mass-dependant partitioning of the three isotopomers1H1H16O, 
1H2H16O and 1H1H18O among solid, liquid and gaseous phases as water passes through the hydrologic cycle. 
Variations in the relative abundances of these isotopomers, measured as 18O/16O and 2H/1H ratios and expressed 
conventionally as δ18O and δ2H values, often provide characteristic labeling of a water molecule for studies 
ranging from tracing of the origin and distillation history of atmospheric moisture parcels to the analysis of 
runoff generation. 
 



Application of oxygen and hydrogen isotope ratios for tracing the hydrological cycle is based on simple principle 
that lighter isotopologues of H2O preferentially evaporate whereas heavier isotopologues preferentially 
condense, resulting in characteristic isotopic composition in terms of abundance ratio of heavy to light isotopes 
(R = 18O/16O or D/1H) expressed as δ in per mil (‰) units with reference to international standard [δ18O or δD = 
(Rsample/Rstandard – 1) x 1000]. Since vapours and rains have associated features, therefore a proportionate change 
is expected in their isotopic composition whenever source of their origin changes. The advantage of monitoring 
vapour over rain is due to its all-time availability in space. Considering this aspect, in the present study, isotopic 
analyses are carried out on the air moisture rather than on the conventional precipitation samples.   
  
For isotopic analyses condensed air moisture samples are collected [3] and the isotopic composition of air 
moisture are related to weather parameters such as temperature, humidity, rainfall during the moisture sampling 
period. Stable Isotope Mass Ratio Spectrometers (IRMS) are normally used to measure the ratio of heavier to 
lighter atom of an element such as 18O/16O or 2H/1H which then represented as delta values of 18O and 2H. 
  
There are indeed very few case studies on isotopic ratios in air moisture [4] but these show that isotopic 
monitoring of air moisture over short and long term intervals may generate considerable new knowledge.  

 
Globally, isotope data of surface vapour is available only from a limited number of stations [5-11]. A study in 
eastern Mediterranean region have observed a strong mean seasonal cycle of about 4 ‰ in δ18O in surface 
vapour [6], peaking around July, which could not be adequately explained by changes in surface interactions or 
in air mass trajectories leaving a considerable gap in interpretation of the observed isotopic composition of 
atmospheric water vapour from this region.  

 
In the present study, an attempt has been made to correlate the isotopic composition of the air moisture samples 
collected on daily basis by condensation method over a period of five years (2007-11) with the meteorological 
parameters.  
 
2.0 STUDY AREA 
  
The studies were conducted at National Institute of Hydrology, Roorkee (Uttarakhand), India falling under the 
latitude 29052’, longitude 77053’ and altitude 268m. The normal rainfall of Roorkee is 1156.4 mm per annum 
and out of which 1004.3 mm is recorded during the monsoon seasons (June to October). The monthly average 
maximum temperature of the study area is recorded in the range of 20.4 (January)-39.2oC (May) and monthly 
average minimum temperature in the range of 6.1(January)-24.9 oC (July) and average relative humidity 78%. 
 
3.0 AIR MOISTURE SAMPLE COLLECTION 
  
The condensed air moisture samples for isotopic analyses are collected on daily basis at Roorkee, Uttarakhand, 
India by condensation method [3, 13]. In this method, the air moisture sample is collected using the conical 
condensation device. The conical condensation device comprises; (i) Aluminium cone; (ii) metallic stand for 
holding and vertically aligning the aluminium cone at desired height; (iii) a lid with knob for covering the 
aluminium cone; and (iv) a cylindrical wire-mesh cover for protecting the cone and the sample bottles.  

 
The aluminium cone is aligned using the 8-screws provided for it, such that the tip of the cone is positioned just 
above the bottle and the droplets of the moisture condensed on the surface of the cone falls straight into the 
bottle. A 5-ml sampling bottle is placed into the groove at the base of the stand and ensured that the bottle is 
open (stub and cap removed), completely inserted into the groove and not shaking freely. The ice cubes are put 
into the cone up to the top, leaving little more space required for fixing the lid. The aluminium cone (filled with 
ice cubes and sealed by lid) in the stand is placed such that the axis of the aluminium cone is vertically aligned 
with the bottle placed in the groove. The position of the cone is adjusted such that the tip of the aluminium cone 
is centred at 0.5 cm above the mouth of the bottle. This will ensure that droplets of moisture condensing outside 
the aluminium cone can fall straight into the bottle and the falling droplets can be seen. Depending on prevalent 
relative humidity, it takes 30 minutes to 60 minutes for collecting 5 to 10 ml of liquid condensate. However, 
during the rainy season when relative humidity is very high, the sampling bottle is filled even within 30 minutes. 
After setting up the conical condensation device the date, time, temperature and relative humidity are recorded 
using thermo-hygrometer [3, 13].  
  
The air moisture samples are collected for a period 2007 to 2011 by condensation method along with weather 
parameters like temperature and relative humidity. The air moisture samples are also being collected using the 



Push & Trap method [3, 13] from April, 2009 but in this paper the isotopic data generated through condensation 
method have been used.  
 
4.0 SAMPLE ANALYSIS 

 
Stable isotopes (2H or D and 18O) in water were analysed using GV-Isoprime Dual Inlet Isotope Ratio Mass 
Spectrometer.  For δ D analysis, 400 µl of the water sample is equilibrated with H2 along with Pt catalyst at 
40°C for 3 hrs. and then the equilibrated gas is introduced into the mass spectrometer. The δ 18O of the sample is 
measured by equilibrating 400 µl of water with CO2 gas at 40°C for 7 h and then the equilibrated gas is 
introduced into the mass spectrometer. The measured values are reported as delta (δ) values [14]. The precision 
of measurement for δ 2H was within ± 1‰ and that for δ 18O with in ± 0.1‰.  

 
D‐excess is a parameter (intercept as represented by a symbol "d" in Global Meteoric Water Line) calculated 
using the relation D‐excess‰ = δd‐8*δ

18
O. This parameter acts as a measure of deviation of the given δ

18
O and 

δD relation from the Global Meteoric Water Line (GMWL) value, which is now +11.27‰ [15]. Therefore, we 
have used this parameter to examine its deviation from the GMWL value. 
 
5.0 RESULTS & DISCUSSION  
  
The isotopic composition of the air moisture is correlated with the rainfall over a period of 5 years (2007-11) and 
is depicted if fig. 1. The depletion in the isotopic values of air moisture is observed during the monsoon period 
(July-October). The rainfall distribution has also shown some changes during the last 5 years.  Prominent and 
well separated rainfall event can be identified as sharp isotopic peaks. The changing rainfall pattern from 2007 to 
2011 can be seen in the width and depth of the isotopic troughs. The amount effect [16] is well known in the 
precipitation but its effect in the ambient vapour is less known. The present data pattern clearly demonstrates the 
amount effect and that can also be deciphered from air-moisture analysis. 
 
The trend of isotopic variation (Fig. 1) indicates a systematic depletion in average isotopic composition shown 
by dotted line progressively in each consecutive year while the maximum depleted value of air moisture remains 
almost same every year during the span of 5 years study period. It indicates the changing climatological 
conditions at Roorkee (Fig. 1). The isotopic composition of air moisture for the monsoons over a period from 
2007 to 2011 shows a systematic depleting trend with an overall depletion by approximately 33‰ for δ18O and 
60‰ for δ2H in 5 years which can be attributed to the 70% increase in total rainfall amount during the monsoons 
(Fig. 3c) of this period also known as the amount effect. In fact, for major rain events, δ

18
O values of vapours 

continue to decrease for 12 to 24 hours even after the cessation of rainfall [17] indicating that departure from 
isotope equilibrium involves advection and is therefore, more than a local phenomenon. It was observed that the 
amount effect is in some measures due to recycling of water vapour in storms [18]. Recently, It has been found 
that proportion and timing of monsoon vapours arriving at Roorkee from Arabian Sea and Bay of Bengal varies 
during the monsoon season resulting in the systematic depletion of isotopic values [4].  
 
The D-excess value varied from 19 to 121‰, and the average value works out to be 71‰. Its deviation from the 
GMWL value of +11.27‰ shows that the atmospheric moisture being collected is a resultant of evaporated 
recycled water and also undergoes evaporation during condensation process. The increase in D-excess during the 
monsoon seasons from 2007 to 2011 by approximately 14‰ may indicate recycling of the local evaporated 
moisture (Fig. 2).  
   



 
Fig. 1. Variation in isotopic composition of air moisture and rainfall at Roorkee for 2007-2011 

 
Fig. 2. Variation in D-excess in the air moisture samples at Roorkee for the period 2007-11 

 
This systematic trend of change in stable isotopic composition indicates towards the change in climatological 
conditions at Roorkee in recent years which is also seen in other meteorological data. The total rainfall increased 
by 42% from 2007 to 2011(Fig. 3b) and out of which, in monsoon seasons (June to October) the rainfall amount 
increased by 70%. It has been found that at Roorkee the average rainfall in monsoon season is 73% (Fig. 3d) and 
it ranged from 63 to 91% of the total rainfall during 2007-11. However, a decline of approximately 4% (Fig. 3c) 
in average relative humidity and approximately 0.9oC in average temperature was recorded during the 5 years.  A 
systematic decrease in average minimum temperature is also recorded during 2007-11 (Fig. 3a). 
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Fig. 3. Variation in Meteorological parameters during 2007-11 (a) temperature (b) rainfall (c) average 

temperature & average RH (d) total rainfall and rain in monsoon season 
 
6.0 CONCLUSIONS 
  
The present data pattern clearly demonstrates that the amount effect can also be deciphered from air-moisture 
analysis. The changing isotopic pattern of water vapour composition for the 5 year period also clearly 
demonstrates climate becoming more wet with intensification precipitation but, decrease in period of rainy days. 
Further, investigations are in progress in this aspect which can contribute to improve the understanding of the 
isotope-hydrometeorology of India as well as to consider the stable isotopic signatures of air moisture and 
precipitation as one of the important meteorological parameters because other meteorological parameters only 
show the change in weather conditions while isotopic signatures also indicate the cause and source. 
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