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Water isotopes
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Opportunities: diversity of measurements
◮ di�erent altitudes, temporal resolution, verti
al resolution,pre
ision, spatial resolution and 
overage...
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Opportunities: use GCM simulations
◮ isotopi
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ompare with observations:
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◮ forward proxy modeling of paleo ar
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ount spatio-temporal sampling & instrumentsensitivity (Risi et al 2012, Field et al 2012)
◮ forward proxy modeling of paleo ar
hives (e.g. Kanner et al2013, Caley et al 2014)

◮ Model inter
omparison proje
ts with isotopes:
◮ why?

◮ 
he
k robustness of simulated results
◮ dete
t/understand model biases (Risi et al 2012),evaluate/improve GCMs (Field et al subm)

◮ SWING 1 & 2 Inter
omparison proje
t
◮ AMIP simulations, monthly outputs, ≃9 GCMs
◮ limitations: daily outputs? Paleo simulations?

◮ To go further:
◮ CMIP6 with isotopes? PMIP?
◮ SWING3? GEWEX? 7/16
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onditional sampling (Couvreux et al 2010) (not done yet)
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◮ De�ne 
ases for CRM/SCM inter
omparison proje
t?
◮ idealized (radiative 
onve
tive equilibrium)
◮ 
ampaign: e.g. Cindy Dynamo? 8/16



Theoreti
al framework: q-δD
◮ Moistening and dehydrating pro
esses (Worden et al 2007)
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◮ limitation: need to bridge gap between this simple frameworkand numeri
al modeling 9/16



Examples of using isotopes to understandpro
esses in natureExample 1: Transport and mixing pro
esses
◮ papers from Noone, Bailey, Galewsky, Hurley, Samuels-Crow...

in Chile at 5680m
Samuels−Crow et al 2012
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◮ papers from Noone, Bailey, Galewsky, Hurley, Samuels-Crow...

in Chile at 5680m
Samuels−Crow et al 2012

◮ Limitation: istopes just
onsistent with what we alreadyknow (e.g. Sherwood et al 1996)
◮ But we are progressing... e.g.Galewsky et al subm: isotopesto distinguish between di�erenthypotheses for moistening ofstratospheri
 intrusions 10/16



Example 2: troposhere-stratophere ex
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Example 2: troposhere-stratophere ex
hanges
◮ papers from Moyer, Kuang, Dessler, Sherwood, Sayres,Hanis
o...

convection

condensate
enriched cirrus

plane around 15km

detrainment

Webster & Heymsfield 2003

◮ Limitation: isotopes 
onsistent with some 
onve
tive inje
tionof water through the tropopause layer. But how to makequantitative estimations? 11/16



Example 3: Continental re
y
ling
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◮ Use δD or δ
18O to quantify 
ontinental re
y
ling (Salati et al1979, Risi et al 2013)

◮ Use d-ex
ess to quantify evaporation/transpiration: (Gat etMatsui 1991, Aemessiger et al 2014)
◮ Limitation: how to extra
t 
ontinental re
y
ling signal from allother pro
esses? ⇒ isotope methods not very pre
ise so far 12/16
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Ex 1: what 
auses the moist bias in GCMs?
(Risi et al 2012)
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◮ Limitation: isotopes not used operationally to improve models:more work before doing so safely... 15/16



Con
lusion
◮ Isotopes potentially very useful to

◮ quantify relative importan
e of moistening/dehydratingpro
esses: e.g. mixing, 
onve
tion, 
ontinental re
y
ling...
◮ dete
t/understand biases in models, evaluate/improve models

◮ But... di�
ult to make them a
tually/quantitatively useful
◮ what 
ontrols water 
omposition not well understood yet
◮ lots of measurements exist but under-exploited
◮ new modelling tools, but under-exploited
◮ gap between numeri
al modelling and theoreti
al frameworks

◮ Possible solutions
◮ More intera
tions between model-data, model-theory, hierar
hyof models
◮ Isotopes 
annot answer everything: 
ombine with meteovariables, 
louds, 
hemi
al tra
ers (CO, O3, 10Be) ⇒ datasynergy (e.g. Folkins et al 2006, Liu et al 2009)
◮ Inter
omparison proje
ts? something within GEWEX?

◮ GCM: CMIP6 or SWING3?
◮ SCM - CRM: idealized or 
ampaign 
ases? 16/16


