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Understanding variations in
precipitation isotope ratios
using process-oriented water
tracers
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Dependence of isotope ratios on climate
Isotope ratios
show strong
spatial pattern,
low at: ‘
- High latitude .,
- High altitude
- Continental
Interiors
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Isotope Fractionation

Oxygen: 99.76% 10,

0.2% 180 .
o
H}/dro gen: 99.99% &
H 0.01% 2H Heavy molecules
Water ISOtOpOlOgUGS: preferentially condense
14,16 0
1H218O - 997? /o Light molecules
H2'°O - 0.20% S preferentially evaporate
'H2H'0 - 0.01% 3
Others - 0.05% =
@losflomos eI Nerals e



LA-UR-24-21697

Isotopic Fractionation
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Rayleigh distillation

' . Precipitation ..
Dominant model to explain isotope preation..

ratio variability in precipitation,
based on idealized open-system
condensation
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How well does Rayleigh distillation explain precipitation
isotope ratios?

1950s - ~1990s: “simple” applications of the rainout effect: local temperature (ground or
cloud), local precipitation amount (“amount effect”), “continentality” (distance from coast).
More data has resulted in more mechanisms:

Lessons learned from oxygen isotopes in modern precipitation applied to Spatiotemporal variability of modern precipitation 630

interpretation of speleothem records of paleoclimate from eastern Asia  in the central Andes and implications for paleoclimate
and paleoaltimetry estimates
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Isotope tracers in Earth system models

CAM®6, F compset (atm+Ind), 0.9x1.25°FV,
nudged to ERA5, 1980-2004 mean
[since been extended through 2022]
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Enhanced hypothesis testing and model metrics
Extracting more information on hydrological processes using “process” tracers
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What do isotope ratios in precipitation actually tell us?

| won’t touch on actual paleoclimate much today, but instead will discuss how these
process-tracers could have a lot of power to help with analysis of paleoclimate data
and model simulations. Some motivating questions I'll cover today:

Lots of recent discussion in literature of “non-Rayleigh” behavior — how well does
Rayleigh distillation describe precipitation isotope ratios?

Deuterium excess (d-excess, §°H — 85'80) is often thought to preserve information
(e.g., T or RH) about the evaporative source — what information is actually recorded
in d-excess?
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How well does Rayleigh distillation explain precipitation
isotope ratios?

Log-transformed 5180,

Log-transformed 5180 normalized for initial 6180
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How well does Rayleigh distillation explain precipitation

isotope ratios?

Log-transformed 5180,

Log-transformed 8180 normalized for initial 580
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Bin count



What information
does d-excess retain
about evaporative

conditions?
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New variables for regression/machine learning: how important
are different drivers of precipitation 530 and d-excess?
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Global High Latitudes Mid Latitudes Tropics

Partial
dependences
from ML

models
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Such “sponge Gity” projects are changing urbanites' relationship with water. COURTESY
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