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• Current modeling of isotopes in large-scale models can’t 
represent strong isotopic fractionation during unresolved 
(subgrid) processes 
• To address this issue we developed a full-featured iso-enabled 

Large Eddy Simulation Model (LES): iPyCLES
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Experiments Under different Atmosphere and Surface Condtions 

?

Motivated by MOSAiC observation：
Can iPyCLES help to identify isotopic signals of 
atmospheric environmental variations 
affecting Arctic mixed-phase clouds?
Four experiments are conducted based on the 
ISDAC observation campaign.
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• This study demonstrates the potential of iPyCLES
for atmospheric water isotopes to provide new 
observational constraints on interactions between 
Arctic mixed-phase clouds and their environment.

• Isotopic composition in water species, like vapor 
and snow, which are readily observable with 
current technologies, shows sensitivity to the 
different environmental settings.

Conclusion
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Supplementary Material：iPyCLES
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Supplementary Material：iPyCLES and Microphysics

SBWarm Arctic 1M SB Ice 2M
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Supplementary Material：iPyCLES Development

PyCLES
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iPyCLES

Coupling Isotope 
Without Microphysics
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Warm-Cloud Microphysics 
based on SB-Warm scheme
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Mixed-phase scheme Kaul15

Coupling Isotope With 2M
Mixed-phase scheme SB06
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Supplementary Material：iPyCLES in BOMEX case

Vertical profiles of (a) domain-mean water vapor specific humidity over 
the last hour of the simulation and hourly-averaged (b) δ18O and (c) 
deuterium excess (d) in water vapor; (d) domain-mean specific cloud 
liquid water content over the last hour of the simulation and hourly-
averaged (b) δ18O and (c) deuterium excess (d) in cloud liquid water from 
the BOMEX simulation. The dashed green line and shaded area in (c) 
show the LES ensemble mean and spread for the same case from 
Siebesma et al. (2003), and the dark red line in (c) shows a corresponding 
MicroHH simulation result (Bastak Duran et al., 2021).
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Supplementary Material：iPyCLES in RICO case

Time series of (a) cloud cover and vertically-integrated (c) 
liquid water path (LWP) and (e) rain water path (RWP) 
during the RICO case based on iPyCLES (dark blue). The 
right panels show vertical profiles of horizontal domain-
averaged (b) cloud fraction, (d) specific cloud liquid 
water content ql, and (f) specific rain water content qr
averaged over the last four hours of the simulation. The 
green dashed line and shading in each panel indicate the 
multi-model ensemble mean and spread from an earlier 
RICO intercomparison (van Zanten et al., 2011), while 
the dark red line shows a corresponding MicroHH
simulation result (Bastak Duran et al., 2021).
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Supplementary Material：iPyCLES in RICO case

Domain-mean vertical turbulent fluxes from the RICO case for (a) total specific water content qt, (b) specific 
cloud liquid water content ql, and (c) specific rain water content qr, along with (d) the evaporation tendency 
for specific rain water content: !"!

!#
(evp) . All profiles are averaged from hour 4 to hour 20 of the simulation.
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Supplementary Material：iPyCLES in RICO case

Vertical profiles of hourly-averaged (a) water vapor specific 
humidity, (b) δ18O in water vapor, and (c) deuterium excess d 
in water vapor. Corresponding hourly-averaged specific water 
contents and isotopic compositions are also shown for (d-f) 
cloud liquid water and (g-i) rain. Profiles are averaged over 
the hour prior to the simulation time marked in the legend.
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Supplementary Material：iPyCLES in ISDAC case

Time series of (a) cloud liquid water path (LWP), (b) cloud ice water 
path (IWP), and (c) snow water path (SWP) from the 8-hour ISDAC run. 
Results using both the Kaul15 one-moment (blue) and SB06 two-
moment (red) microphysics are presented for comparison.

Vertical profiles of horizontal domain-mean (a) total specific water 
content qt, (b)liquid and ice potential temperature θli, (c) specific cloud 
liquid water content ql, and (d) total specific water content of cloud ice 
and snow qi + qs from the simulations using the Kaul15 (blue) and SB06 
(red) mixed-phase microphysics. All profiles are averaged over hours 1–8 
of the simulation. The initial conditions are shown as dashed lines in (a) 
and (b) for context. The grey dots show field measurements collected 
during flight 31 of ISDAC campaign on 27 April 2008, with uncertainty bars 
encompassing the 15–85% range of measurements collected at 50-m 
intervals from 400–900 m height (McFarquhar et al., 2011, their Fig. 14).
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Supplementary Material：iPyCLES in ISDAC case

Horizontal domain-mean vertical profiles of δ18O and d-excess in water vapor (first column), cloud liquid water (second column), cloud ice (third column), and 
snow (fourth column) simulated using iPyCLES with the Kaul15 microphysics (blue) and the SB06 microphysics (red). Profiles are 1-hour averages preceding 
hours 2, 4, 6, and 8 of each simulation.
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Supplementary Material：iPyCLES in ISDAC case

Vertical profiles of horizontal domain mean of 
diagnosed variables to explain the isotopic peek 
at cloud topic within SB06 scheme, with the 
compression from Kaul15 scheme: (a) profiles 
of deuterium excess of water vapor dv; (b) 
vertical flux of total specific water content qt; (c) 
vertical flux tendency of qt; (d) deposition and 
sublimation tendency of specific cloud ice 
water content qi; (e) vertical flux tendency of ql; 
(f) condensation(cond) and evaporation(evap) 
tendency of specific cloud liquid water content 
ql. The altitude of the isotopic peek is plotted 
by a dashed red line with 820 m height. The 
profiles from Kaul15 scheme are plotted in 
purple. Ice deposition/sublimation and cloud 
liquid evaporation/condensation in Kaul15 
scheme are not included because of the 
diagnosed qi and ql within the mixed-phase 
saturation adjustment.
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Supplementary Material：Experiment settings

Summary of simulation set-ups. The short name BASE is the control run, 
INVT refers to the simulation with the thermal inversion strength, INQT 
refers to the simulation with both thermal and moisture inversion 
strength, SURF indicates the sensible heat flux and latent heat flux at 
the surface adopted from reanalysis, and LSAD couples the large-scale 
advection source of temperate and water vapor acquired from 
reanalysis. The default value of 𝜃 inversion is 266 K, and 𝑞𝑡 inversion is 
1.2 K.. Time series of five different simulation results: (a) 

Liquid water path LWP; (b) Ice water path IWP; and (c) 
Snow water path.
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Supplementary Material：INQT&INVT experiment performance

Vertical profiles of the horizontal domain average after first 
spin-up hour for simulation BASE, INVT and INQT, includes (a) 
vapor specific humidity 𝑞𝑣, (b) liquid ice potential
temperature 𝜃𝑙𝑖, (c) cloud liquid specific humidity 𝑞𝑙, (d) cloud 
ice specific humidity 𝑞𝑖 and (e) snow specific humidity 𝑞𝑠.

Profiles of resolved turbulent flux at the vertical direction. The 
horizontal domain averages after the first spin-up hour for 
simulation BASE, INVT and INQT, are shown for (a) total water 
specific humidity, (b) cloud liquid specific humidity, (c) cloud 
ice specific humidity; and (d) snow specific humidity.
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Supplementary Material：INQT&INVT experiment performance

Vertical Profiles of microphysical tendencies of 
different species. The horizontal domain averages 
after the first spin-up hour for simulation BASE, 
INVT and INQT, are shown for (a) condensation of 
cloud droplets; (b) evaporation of cloud droplets; (c) 
deposition of ice crystal; (d) sublimation of ice 
crystal; (e) deposition of snow; and (f) sublimation 
of snow
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Supplementary Material：INQT&INVT experiment performance

Vertical profiles of the horizontal domain mean for the vapor 
specific humidity and vapor isotopic composition (a-c), cloud 
liquid specific humidity and droplet isotope composition (d-f), 
cloud ice specific humidity and ice isotope composition (h-j), 
and snow specific humidity and isotope composition (j-l) in the 
simulation BASE, INVT and INQT. The 4th and 8th hour during 
the simulation are selected for comparison, which are shown as 
dashed and solid lines respectively. The isotopic composition of 
each species is evaluated by the isotope ratio 𝛿 and deuterium 
excess d.
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Supplementary Material: SURF experiment performance

Vertical profiles of the horizontal domain average after first 
spin-up hour for simulation SURF and BASE, includes (a) vapor 
specific humidity 𝑞𝑣, (b) liquid ice potential temperature 𝜃𝑙𝑖, (c) 
cloud liquid specific humidity 𝑞𝑙, (d) cloud ice specific humidity 
𝑞𝑖 and (e) snow specific humidity 𝑞𝑠.

Profiles of resolved turbulent flux at the vertical direction. The 
horizontal domain averages after the first spin-up hour for 
simulation SURF and BASE, are shown for (a) total water 
specific humidity, (b) cloud liquid specific humidity, (c) cloud 
ice specific humidity; and (d) snow specific humidity.
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Supplementary Material: SURF experiment performance

Vertical Profiles of microphysical tendencies of 
different species. The horizontal domain averages 
after the first spin-up hour for simulation BASE and 
SURF, are shown for (a) condensation of cloud 
droplets; (b) evaporation of cloud droplets; (c) 
deposition of ice crystal; (d) sublimation of ice 
crystal; (e) deposition of snow; and (f) sublimation 
of snow
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Supplementary Material：SURF experiment performance

Vertical profiles of the horizontal domain mean for the vapor 
specific humidity and vapor isotopic composition (a-c), cloud 
liquid specific humidity and droplet isotope composition (d-f), 
cloud ice specific humidity and ice isotope composition (h-j), 
and snow specific humidity and isotope composition (j-l) in the 
simulation BASE and SURF. The 4th and 8th hour during the 
simulation are selected for comparison, which are shown as 
dashed and solid lines respectively. The isotopic composition of 
each species is evaluated by the isotope ratio 𝛿 and deuterium 
excess d.
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Supplementary Material: LSAD experiment performance

Vertical profiles of the horizontal domain average after first 
spin-up hour for simulation LSAD and BASE, includes (a) vapor 
specific humidity 𝑞𝑣, (b) liquid ice potential temperature 𝜃𝑙𝑖, (c) 
cloud liquid specific humidity 𝑞𝑙, (d) cloud ice specific humidity 
𝑞𝑖 and (e) snow specific humidity 𝑞𝑠.

Profiles of resolved turbulent flux at the vertical direction. The 
horizontal domain averages after the first spin-up hour for 
simulation LSAD and BASE, are shown for (a) total water 
specific humidity, (b) cloud liquid specific humidity, (c) cloud 
ice specific humidity; and (d) snow specific humidity.
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Supplementary Material: LSAD experiment performance

Vertical Profiles of microphysical tendencies of 
different species. The horizontal domain averages 
after the first spin-up hour for simulation BASE and 
LSAD, are shown for (a) condensation of cloud 
droplets; (b) evaporation of cloud droplets; (c) 
deposition of ice crystal; (d) sublimation of ice 
crystal; (e) deposition of snow; and (f) sublimation 
of snow
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Supplementary Material: LSAD experiment performance

Vertical profiles of the horizontal domain mean for the vapor 
specific humidity and vapor isotopic composition (a-c), cloud 
liquid specific humidity and droplet isotope composition (d-f), 
cloud ice specific humidity and ice isotope composition (h-j), 
and snow specific humidity and isotope composition (j-l) in the 
simulation BASE and LSAD. The 4th and 8th hour during the 
simulation are selected for comparison, which are shown as 
dashed and solid lines respectively. The isotopic composition of 
each species is evaluated by the isotope ratio 𝛿 and deuterium 
excess d.


