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ABSTRACT: Stable water isotopes (6'*0, 6°H) are key tracers that sensitively respond to phase change processes such as evaporation and
condensation, and are widely used to interpret hydrological cylce and climate change. In particular, quantitatively constraining the enrichment
trend of stable water isotopes during evaporation provides crucial insights into hydrological processes and the reconstruction of past climate
and environmental conditions. In this study, we conducted an open-system evaporation experiment using distilled water to investigate the
evolution of isotopic change in relation to the residual water fractions, and analyzed the controlling factors influencing isotopic fractionation.
Application of the Rayleigh model to the experimental results yielded effective fractionation factors (@, /) of 1.0171 for 50 and 1.0792
for 6°H. To further distinguish between equilibrium (« oy) @nd kinetic (@) fractionation factors during evaporation, the Craig-Gordon model
was applied, resultingin ¢, = 1.0113 and «;, = 1.0180 for §'%0, and a,,=1.0830and @, = 1.0064 for §H. These results suggest that 50
is more strongly influenced by humidity-dependent kinetic fractionation, while §°H is predominantly controlled by temperature-dependent
equilibrium fractionation. Overall, this study provides an experimental basis for quantitatively evaluating isotopic fractionation during
evaporation, thereby improving the interpretation of relationships between evaporation intensity and climatic factors (e.g., temperature and
relative humidity) and enhancing the precision of evaporation and humidity reconstructions in natural water bodies.

Key words: rayleigh model, fractionation factor, stable water isotopes, evaporation experiment, Craig-Gordon model
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Fig. 1. (a) Experimental setup for the evaporation experiment. (b) Stable isotope analyzer (Picarro L2140-1) used for measurements
of 6°H and §'*0 in water samples.
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Fig. 4. Comparison between the Rayleigh and Craig-Gordon (C-G) models for (a) 530 and (b) §°H under open-system evaporation
conditions. Experimental results (black circles) were fitted using both the Rayleigh model (blue line) and the C-G model (red

dashed line).
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Table 1. Comparison of vapor-liquid isotope fractionation factors (a) at 16.5°C derived from the Rayleigh and Craig-Gordon (C-G)

models and theoretical estimates.

Isotope Experiment C-G model Kakiuchi and Matsuo Majoube
P (Rayleigh model) (1979) (1971)

a,,~1.0294

§%0 a,,~1.0171 a,~1.0113 a,,~1.0102 a,,~1.0101
2,=1.0180
a,;,=1.0900

§°H a,;~1.0792 a,,~1.0830 a,,~1.0864 a,,~1.0893
2,=1.0064

S guia~t TAT AR 6,-f FA12] RMSEZ} 2471 5 Ina,, (*0) =5970.27 232,801 7 '+0.052227  (9)

= 2% 0,9 ¢,9 Ao R Adsiyict 1 A, 6
"O(f = 0.70)9| A+ a,, = 1.0113, 2, = 1.0180 (RMSE =
0.12%0, R*=0. 9997)9&, §*H(f = 0.49)0l|4:=a, = 1.0830,

=1.0064 (RMSE = 0.53%,, R = 0.9991) OE )& gko]
%0133\1‘4(1%1 4).
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>
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Ina,, (*H) = 248447 *—76.248 T '+0.05261 (6)
Ina,, (*0) =1137T°—0.4156 7'~ 0.00207 (7
Ina,, (*H) = 2408 7>+ 64.55 7'~ 0.1687 (8)
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Fig. 5. Root mean square error (RMSE) heatmaps showing the sensitivity of model performance to equilibrium (,,) and kinetic
(a,) fractionation factors for () §'*0 (f = 0.70) and (b) 6H (f = 0.49). The color scale indicates the RMSE between experimental

and modeled isotope values calculated using the Craig-Gordon (C-G) model. The red cross marks the best-fit C-G model parame-
ters, while the dashed line denotes the Rayleigh model solution (e, ).
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