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Hydration pathways

H,O and H,O isotopes
observations can be used
to quantify:

Ice lofting and convective
outflow above 380 K in
mid-lats

Ice lofting into the tropical
stratosphere

Altitude

Convective influence in the
TTL

The isotopically heavy stratosphere
indicates that the sum of 1 — 3 is
significant.

What is the relative contribution of Latitude
these pathways?




Water isotopes as tracers of Convection

HDO condenses more
readily than H,O

Rainout leads to HDO
depletion

Ice injection can make
the stratosphere “Heavy”

In situ water isotope
measurements can offer
a tracer for the
condensation history of
air parcels
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ICOS Isotope Instrument

Mid-IR absorption spectroscopy using
new cavity-based technique
(Integrated cavity output spectroscopy)
Enhanced sensitivity (x 40) because of
4 km optical path

Multiple species (H,0,HDO, H,"*0, H, "0,
CH,)

D.S. Sayres, ef al., in prep.

Hoxotope total water
isotope instrument

* Photofragment laser-induced fluorescence
of OHand OD

* (Heritage of Harvard HOx instrument)

+ Contamination-free sampling (HOy radicals
lost on wall contact)

* Improved sensitivity (x 2-10) over
conventional techniques

J. M. St.Clair, et al., Rev. Sci.
Instrum., 2008
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TC4 water isotope measurements summary
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Ice water isotopes

What is the source of water vapor in convective
outflow in the base of the TTL?

Hoxotope total water isotopes and ICOS water
vapor isotopes used to derive ice water isotope
ratios




20070808 Pacific Convection
Total and vapor H,O0 measurements
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20070808 Pacific Convection
Total and vapor HDO measurements
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20070808 Pacific Convection
Total and vapor 6D measurements
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20070808 Pacific Convection
Ice 8D measurements
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Ice water isotope ratio summary
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TTL convection and water isotopologues

1) Temperature control 2) Convective influence

Large depletion in HDO Less depletion in HDO
oD =-900 %o oD >> -900 %o
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In situ profiles of 6D indicate convective input
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Conceptual model

Consider an airmass rising in
the TTL, slowly driesas T
drops.

= No convection = N0 convection
——+ 5 ppmv ice ——+ 5 ppmv ice

Inject isotopically heavy water
(eqg. ice)

Assume that T fluctuates
enough to support ice
evaporation but H,O and HDO
are still defined by ice

saturation (ie T,,,.).

H,O abundance is not
changed:
H,O = H20_(T,P)

5| 1|0|_| C)1|5 2|0 2I5 30 015 1IHDO1j5 2 2i5 3
. -3
HDO abundance is changed: 20 (PPmv) (PPmv) 4o

HDO = H20_., (HDO/H,0, T)




Modeled convective influence
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TTL seasonal comparison
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Extra Tropical Convection
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Extra tropical H,O and dD
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We continue to see the influence of deep convection on mid-latitude
and tropical stratospheric water vapor.




H,O and H,O isotopes
observations indicate:

Ice lofting significantly
perturbs the water isotope
ratio via path 3.

H,O abundance is not
significantly perturbed by
deep convection in the TTL

by path 3, but HDO is.

Convective influence on

stratospheric water isotopes
by path 2 is small and yet to
be determined in the tropics.

Pathway 1 is significant and
frequently observed, but not
yet quantified.




