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Atmospheric stable water isotope analyses

Water isotopes have proved of immense value in environivemysis. Oxygen has eleven isotopes
(*%0 to %0) and eight of these are radioactive with half-lives wayyrom 122 seconds to less than
10*° seconds. The three stable isotopes of oxygeff@;é’O, and'®0, and the terrestrial abundance
of these is approximately 99.74, 0.04, and 0.20%, respectively (Clark #énd1Be7). Fractionation
processes change the ratios of these proportions fogimap compound containing oxygen (e.g.,
water), but such variations are seen only at the fifth or dizttimal place. Because these changes are
small but important we use values’ to express the normalised difference from a stdnéar*°0
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and the reference ratio is taken as VSMOW, and is equal to (2005.2 + 0.45) x 10

In particular, weather and climate studies are increasingknqaise making use of the isotopic
properties of water and modelling these. Applications include ath@lysis of ice cores, the
atmosphere hydrologic budget, and atmospheric transport paths (Noo8arandnds (1998, 2004),
Henderson-Sellers et al. (2002), Burnett et al. (2004)).

Noone and Simmonds (2002a) have included a stable water isotope scheme ldtivErgty of
Melbourne GCM, and have shown it to produce a creditable simulattiannual mean precipitation
180 values (Fig. 1). They (Noone and Simmonds 2002b) used the modadjtmsk the wide variety
of origins of water (and their isotopic compositions) whidtimately falls on the Antarctic continent
(Fig. 2). Brown and Simmonds (2004) have used the scheme to highlighdrtbers inherent in the
traditional interpretation of isotopic records, and Brownle{(2005) have diagnosed the causes of
changes of®0 in tropical precipitation in the model.

MUNIP

To fully comprehend the complex associations between the behaviocdlismate and these stable
isotopes, ultimately the mechanisms operating at high spatibkeanporal resolutions need to be
understood. To explore these issues Barras et al. (2004, 2005) desighd@ Nithe Melbourne
University Network of Isotopes in Precipitation), a netkwof sites around Melbourne, to collect half-
hourly samples of rainwater during ‘interesting’ rainfall eventst &fahe network is shown in Fig. 3.
Each of the samples are analysed f80 and °H on the Finnigan MAT 252 mass spectrometer at
the School of Geosciences, Monash University. The results presentedehigoenathe event of 10-11
June 2005.



Figure 4 shows trends to greater depletion over the duratitireadvent. Of the many processes
contributing to this behaviour the dominant one is probably tiheuteffect from the finite reservoir
of moisture contained in the cloud. The two ‘del’ values can betasascribe a value to the
‘deuterium excess’ parameter, whose value reveals much aieudeparture from equilibrium
conditions within the air mass during fractionation, and candeado conclusions as to the source of
the moisture.
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Figure 1. Annual mean MUGCM-simulated d'®0. Contours are at + 2, 4, 6, 8, 12, 16 and at
intervals of 8 %o thereafter. Boxed values show GNIP observations. (From Noone and

Simmonds, 2002a.)

Figure 2: Antarctic moisture sources for precipitation falling above 1500 m over Antarctica in
(a) DJF and (b) JJA. Bold numbers give the relative contribution from each region (global
sum is 100%), and lighter numbers give the d*®0 of the water from each region when it
reaches the continent. (From Noone and Simmonds, 2002b.)



Figure 3. Location of MUNIP sites. 1. Melton, 2. Werribee, 3. Melbourne University (Queens
College), 4. Melbourne University (Earth Sciences), 5. Preston, 6. Brighton, 7. Hampton
East, 8. Camberwell, 9. Kalorama. (Topographic elevations in meters are indicated.)

Figure 4: Time series of (left) 0 and (right) 2H in half-hourly samples taken during the
precipitation event of 10-11 June 2005. Results are shown for seven stations in the MUNIP
array.
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