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Introduction
• Tropical and midlatitude precipitation

 Convective precipitation
—— spatially limited and high-intensity

 Stratiform precipitation
—— widespread and lower-intensity
•

Precipitation partitioning into rain types is critical

for understanding how the water cycle responds to
climate changes.

Figure 2 | Schematic representation of differences in dynamical and microphysical processes in
convective and stratiform precipitation resulting in isotope variations. (Adapted after refs 18,19.)
The upward air motion above the 0°C level is ∼5–10 m s−1 in convective updraughts and ∼0.2 m s−1
in stratiform clouds. Hydrometeors in convective clouds grow as they are lifted in updraughts, while
in stratiform clouds, they grow as they fall slowly towards the surface.
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Introduction
•

Observational facts

 Stable isotope ratios are different in precipitation from
different clouds.

 Lower δ18O occurs in precipitation from stratiform clouds
under certain circumstance.

•

Problems faced

 Rayleigh distillation theory presents a few defects when
differentiating precipitation types.
 A comprehensive framework that adequately explains
observed isotope distributions is still lacking.

Introduction
• Precipitation isotope distribution

 Key assumption: A change in δ18O of precipitation
directly represents a change in one or more of the
parameters that may influence isotopic composition.
 δ18O of 50° N–50° S precipitation normally has a range
of ∼0‰ to ∼−30‰ despite potentially large differences

in above-mentioned parameters.
 Only δ18O are considered because hydrogen isotope
ratios are proportional to those of oxygen.
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Methods
•

Locations selected

 28 tropical and two midlatitude locations

 These locations span a broad latitudinal range (50° N–21° S)
and hydro-meteorological conditions.
 Tropical locations selected in this study require at least four
consecutive years of isotope data in the 1998–2014 period.

Methods
•

Data and resource

 Stratiform precipitation fractions (1998-2014)

For tropics: TRMM PR 2A23 and 2A25 (V7) data products
For midlatitudes: 3-h Synoptic cloud observations (MIDAS)
 Stable isotopes, precipitation amount and tritium contents
IAEA/WMO GNIP database
 40-dBZ echo maximum height

TRMM PR (no similar data available for midlatitudes)

Methods
•

Related knowledge

 Stable isotope abundance and isotope ratio (R)
 δ18O = 𝑅xΤ𝑅std − 1 ∗ 1000
R: 18O/16O ratio in a sample (x) or standard (std)
Isotopic standard: VSMOW

 Tritium units (TU): 1 TU = 10−18 3H/H
 Stratiform fraction: Ratio of stratiform volumetric rainfall
to total volumetric rainfall

 Note: 0% stratiform is essentially 100% convective with the
exception of no-rain cases, for our purpose.

Results

Figure 1 | Correlation of mean monthly δ18O,
stratiform fraction and precipitation amount
in tropical and midlatitude precipitation.
a, δ18O and stratiform fraction. The remainder of the rain
fraction is convective. The solid line is based on a linear
regression of all data points shown.
b, δ18O and precipitation amount. Note the limited change in δ18O with the highest precipitation amounts.
c, Stratiform fraction and precipitation amount. The vertical axis is shown in reverse scale. Note the similar
but opposite trends in b and c, and the narrow range of stratiform fractions with highest precipitation amounts.
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Figure 2 | Schematic representation of differences in dynamical and microphysical processes in
convective and stratiform precipitation resulting in isotope variations. (Adapted after refs 18,19.)
The upward air motion above the 0°C level is ∼5–10 m s−1 in convective updraughts and ∼0.2 m s−1
in stratiform clouds. Hydrometeors in convective clouds grow as they are lifted in updraughts, while
in stratiform clouds, they grow as they fall slowly towards the surface.
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Results

Figure 3 | Correlation of mean monthly δ18O, stratiform fraction and maximum height of 40-dBZ echo.
a,b, Precipitation with higher δ18O and low stratiform fractions occurs with high or low 40-dBZ echo heights,
reflecting deep or shallow (warm rain) convection, respectively.
Precipitation with lower δ18O and higher stratiform fraction has lower echo heights, consistent with a melting
layer in stratiform clouds below the 0◦C level.

Results
δ18O

Stratiform fractions

40dBZ echo height

High

Low

>5km (deep convection)
<~1km (warm rain)

Low

High (>~30%)

~2-4km

• High reflectivity
 Large ice particles above the 0°C level (~5 km in the
tropics) lifted in strong updraughts

 A melting layer of ice particles just below the 0°C level
exhibiting a bright band characteristic
 Intense rain near the Earth's surface (~1-2 km)

Results

Figure 4 | Correlation of monthly precipitation tritium (3H) content with stratiform fractions and δ18O.
a, Note the much higher tritium contents at New Delhi because 1964–1978 data are used, while 2000–2012
data are used for the other stations. b, New Delhi tritium values (inset) are normalized by the mean annual
average for each period and the regression line has an R2 of 0.42 with P<0.001. Other regression lines have
R2 of 0.81 (Krakow), 0.90 (Vienna) and 0.98 (Dhaka), all with P<0.00001.

Discussion
•

Conclusions

 δ18O in tropical and midlatitude precipitation can reflect the
proportions of convective and stratiform rain and exhibits a
negative correlation with stratiform fractions.

 The δ18O - stratiform fraction correlation for monthly data
is found also at storm event or interannual timescales.
 Stable isotope ratios can be used to monitor changes in the
character of precipitation in response to periodic variability
or changes in climate.

Discussion
•

Conclusions

 Precipitation partitioning based on isotope distributions can

improve climate models and the simulation of convection
and provide a better understanding of isotope variations in
proxy archives of palaeo-precipitation.

Discussion
• Inspirations and further work
Using related data of Nanjing Station for verification

Expanding research area to the whole midlatitudes

If there is such a universally applicable correlation
between δ18O and stratiform rain fractions, maybe
a comparative database is feasible.

Thank you for listening!

