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ater vapor feedbacks, or alternatively, what is
ve response to changes in the water cycle?

distribution of water in its
ent phases affect the incoming
d outgoing radiation in different
ways

Understanding the feedbacks or
radiative response to changes in the
water cycle require characterization
of these distributions as well as the
exchanges between phases of water
and the sources of this water

Hydrology focused satellite

instruments and in situ T BOUNDARY LAYER
(AND EXCHANGE

measurements are typically of the % 4 <ATiC WITH FREE ATMOSPHERE)

distribution of water in its different

phases and use these distributions

(as well as ancillary information) to ; ¢

infer exchange efficiency between ‘ "

the phases

(;’,

Uncertainties in these
measurements significantly affect
estimates of the distribution of
exchange processes




Precipitation depends on
distribution of moisture
sources and moisture
processing during transport

Global uncertainty of P-E
still ~10% and regional
uncertainties much higher

(e.g., Wentz et al., Science
2007 and refs therein)

er availability change with a changing climate?

BOUNDARY LAYER
(AND EXCHANGE
WITH FREE ATMOSPHERE)




Measurements of the i1sotopic composition of water help constrain the tropospheric

moisture budget by providing information about the condensation and evaporation history
as well as the source regions

Characteristics of isotopes:

Lighter isotopes preferentially evaporate. Heavier isotopes preferentially condense.

The 1sotopic composition of ocean waters and vapor evaporated from the ocean is well known which helps
mark the water source of the observed air parcel

Rayleigh Model of Condensation

Reference for water isotopes is the
Standard Mean Ocean Water
=~ (SMOW) = 3.1 x 10* HDO/H,O
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Description of errors: Use of Simultaneous HDO/H,O
Retrieval Minimizes Error of H,O on HDO and Vice Versa:

HDO/H20 Error Characterization

5% A Priori Uncertainty in the
HDO/H,O0 ratio (we now know this is
too conservative)

~1.5% A Posteriori Uncertainty in the
HDO/H,O ratio

Pressure (hPa)

Initial Comparison of TES data,
models, and aircraft observations of
the subtropical free troposphere
indicate a 5% bias correction needed -

See Worden et al., 2006 for more detailié o

error calculation "
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of vapor

fficiency that vapor
1s converted to
precipitation and
back again

Exchange from PBL
to free troposphere

pospheric water 1sotope
can primarily examine.....

CONDENSATION
(LATENT HEATING
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TES H5O Nowe- Jan 2005

osition of
ore depleted at
tudes as vapor is
to precipitation

Latitude (degrees

120 180 240
Relatively enhanced Longitude (degrees)

1sotopic composition over
land: signature of TES Delta-D (550-800 hPa) Nov - Jan 2005

convective lofting of
boundary layer vapor and
evapo-transpiration

(e.g. Salati et al. 1979)

Isotopic Composition

relatively low in regions of

high rainfall indicate

recycling of depleted vapor

back into cloud systems 120 180
(Diamonds) Longitude (degrees)

(e.g. Lawrence et al. 2004, Risi and From Worden, Noone, Bowman et
Boni 2008) al. Nature, 445, 528-532, 2007




Comparison betweer
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SMow
dD vs q WET(SUMMER) MONSOONS

Mixing to land source

(transpiration. upper bound)
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Water Isotope Measurements form SCIAMACHY

Global Coverage using near IR reflected sunlight measurements provides sensitivity to
water vapor isotopes in the PBL
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Total calumn averaging

-260. -245. -230. -215. -200. -185. -170. -155. -140. -125. -110. -

Frankenberg et al., 2009 Science Accepted Best overall sensitivity to
HDO/H2O0 ratio in PBL




—
[}
(0]
[0
=
{2}
()
e
~
()
e
=
=
g

120 180

i i D s | Longitude (dearees

-260. -245. -230. -215. -200. -185. -170. -155. -140. -125. -110.




Summary:

New global measurements of water vapor isotopes add a new dimension for quantifying
tropospheric moisture sources and distribution of moist processes

These measurements can also improve understanding of the linkages between paleo-climate
records of water isotopes to climate processes

Future Mission Concept:

Ideally we would like to quantify evaporation of vapor into the PBL., mixing between the PBL and free
troposphere, cloud processes and precipitation, and impact of re-evaporation in upper troposphere
on large-scale circulation and on tropospheric moisture

Vertically resolved measurements of H,O and the HDO/H,O ratio in the PBL, lower troposphere and
upper troposphere, as well as cloud distributions can better characterize the distribution of these
processes.

Idea: Multi-Spectral Approach to improve vertical resolution (example is PanFTS [P, Stan Sander Pl)

(a) Combine optically thick lines at ~1400 cm™! with radiances near ~1200 em' at TESZ@pectral
resolution to better resolve pressure broadening and reduce impact of interfering;sp' iics

(b) Add near-IR radiance measurements to obtain total column capability, which in '&C‘on(junction witll
profiling capability from IR should improve sensitivity to PBL (e.g., Wordenetal ., 2007) |




