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Variation characteristics of stable isotopes in atmospheric precipitation in Adelaide, Australia
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Abstract: Background, aim, and scope Stable isotope in water could respond sensitively to the variation of
environment and be reserved in different geological archives, although they are scarce in the environment.
And the methods derived from the stable isotope composition of water have been widely applied in researches

on hydrometeorology, weather diagnosis, and paleoclimate reconstruction, which help well for understanding
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the water-cycle processes in one region. Here, it is aimed to explore the temporal changes of stable isotopes in
precipitation from Adelaide, Australia and determine the influencing factors at different timescales. Materials
and methods Based on the isotopic data of daily precipitation over four years collected in Adelaide, Australia,
the variation characteristics of daily 0D, 6"°0, and d.,..., in precipitation and its relationship with meteorological
elements were analyzed. Results The results demonstrated the local meteoric water line (LMWL) in Adelaide,
was 0D=6.38 x5'"*0+6.68, with a gradient less than 8. There is a significant negative correlation between daily
00 and precipitation amount or relative humidity at daily timescales in both the whole year and wither/summer-
half year (»<<0.001), but a significant positive correlation between daily ¢'*0 and temperature in the whole
year and the winter half-year (»<<0.001). Discussion The correlation coefficients between 'O and daily mean
temperature didn’t show a significant positive correlation, which may be attributed to that the precipitation in
Adelaide area in January was mainly influenced by strong convective weather, and the stable isotope values in
precipitation were significantly negative. Furthermore, this propose was also evidenced by the results from d.,
of precipitation with larger value in the winter half-year than that in the summer half-year, which may be resulted
from the precipitation events in winter are mostly influenced by oceanic water vapor, while the sources of water
vapor in summer precipitation events are more complicated and influenced by strong convective weather. On the
other hand, the slope and intercept of the 5'*O— P regression lines in the summer months (—0.41 and 0.50%o)
are larger and smaller than those in the winter months (—0.22 and —2.15%o), respectively, indicating that the
precipitation stable isotopes have a relatively stronger rainout effect in the summer months than in the winter
months. Besides, the measured values of 6'°0 in daily precipitation have a good linear relationship with our
simulated values of 6'°0, demonstrating the established regression model could provide a reliable simulation for
the 0'°0 values in daily precipitation in Adelaide area. It’s worth noting that the precipitation events with low
precipitation amount, low relative humidity and high temperature, usually had relatively small slope and intercept
of MWL, implying that raindrops may be strongly affected by sub-cloud secondary evaporation in the falling
process. Conclusions The variation of §'°0O in daily precipitation from Adelaide region was controlled by different
factors at different timescales. And the water vapor sources and the meteorological conditions of precipitation
events (such as the degree of sub-cloud secondary evaporation) also played an important role on the variation
of 6"°0. Recommendations and perspectives Stable isotope in daily precipitation can provide more accurate
information about water-cycle and atmosphere circulation, it is therefore necessary to continue to collect and
analyze daily-scale precipitation data over a longer time span. The results of this study will provide the basis for
the fields of hydrometeorology, meteorological diagnosis and paleoclimate reconstruction in Adelaide, Australia.
Key words: Adelaide; precipitation; stable isotopes; meteoric water line; stepwise regression analysis
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Fig. 1 Geographical location and climatic characteristics of the Adelaide study area, Australia
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Tab. I Statistics on the variation of precipitation 6'*0, with mean d_..., and related meteorological elements from January to
December in Adelaide, South Australia
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Month  Mean/%o Min/%0 Max/%o

P A FRRERRE

The coefficient of Mean d.

TR

Average Average

SERFXREE  AEASEK

Average relative Number of

variation/ %o /%o precipitation/mm temperature /°C humidity /% samples

1 -6.62 —10.86 1.64 -0.77 9.68 10.10 20.1 88.3 7
2 —2.45 -3.72 0.32 —-0.88 8.63 6.34 17.5 93.5 7
3 -3.70 —6.45 1.64 —1.28 9.28 3.42 17.3 85.4 13
4 —5.62 —-8.62 —1.88 —0.48 16.33 5.97 14.3 89.9 12
5 —5.56 =03l 2.08 -0.89 15.79 5.75 13.1 88.4 26
6 -5.13  —13.46 2.66 —-0.78 14.59 4.69 10.2 91.1 35
7 —4.68 —-7.59 5.66 —-0.67 15.26 5.18 10.8 92.0 53
8 =313 —6.13 3.40 -0.83 16.48 4.14 10.0 89.0 50
9 -3.85 =591 4.79 —1.14 15.83 3.85 11.6 87.5 20
10 —4.31 —5.78 1.30 —1.43 15.79 4.31 12.2 87.6 9
11 1.36 -1.07 5.11 0.96 10.29 2.73 20.7 67.8
12 -0.84 —12.05 4.43 5.54 8.61 5.82 19.9 73.9 12
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The average precipitation in the table is the ratio of total precipitation to the number of precipitation samples in the month.
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