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Delta notation



1931:  Harold Urey discovered Deuterium

1934:  The first isotopic analyses of natural water

1953:  Dansgaard, first isotopic analyses of natural water vapor

1984:  Gedzelman continued several pioneering studies

2008-Present : there has been 
an explosion of studies of water 
vapor isotopic composition over 
the last decade.

Timeline of water 
vapor isotopic 
measurements



2006 2012

Commercial cavity 
ringdown spectrometers 
enabled a dramatic 
expansion of the 
measurement of water 
vapor isotopic composition 
after 2008.



Scientific motivation for isotopic measurements during TRACER

To the extent that aerosols affect condensation pathways, 
and to the extent that water vapor isotopic composition 
reflects condensation processes, joint aerosol/isotopic 
measurements may provide a useful pathway for 
improved understanding of aerosol/cloud interactions.



Configuring a CRDS installation for real-time measurements



Inlet protected 
from rain and dust



Heated and 
insulated 
tubing to 
prevent 
condensation



Standards delivery module and dry air source



CRDS with external pump



Processing Steps for CRDS Data

(1)  Humidity-induced bias

(2)  VSMOW-SLAP Calibration

(3)  Drift Correction

(4)  Humidity Calibration 







)



S
S

T (C
)

D
eviation from

 m
arine surface flux (perm

il)



C
loud-top P

ressure (hP
a)

C
loud-top Tem

perature (C
)



G
P

M
 P

recipitation R
ate (m

m
/hr)

H
ours S

ince Last R
ainfall



C
loud P

article S
ize (m

icrons)

C
loud Liquid/Ice P

ath



A
erosol O

ptical D
epth

C
loud O

ptical D
epth



Total A
erosol C

oncentration (1/cm
3)

Total C
C

N
 C

oncentration (1/cm
3)



Conclusions and Research Questions

(1)  Measurements during the TRACER IOP show a coherent association 
between the isotopic composition of water vapor, cloud properties, aerosols, and 
precipitation.

(2) Deep convection is associated with lower delta values, high cloud liquid/ice 
path, high cloud optical depth, and large cloud particle size, all of which are 
consistent with a large amount of condensation aloft.

(3) High aerosol optical depth is associated with high precipitation rates and with 
moderate isotopic depletion; however, the lowest delta values are associated with 
low values of AOD. 

(4)  Surface measurements of aerosol and CCN concentrations are highest at 
longer time scales after rainfall events, and occur under drier and moderately 
isotopically depleted conditions.   



Conclusions and Research Questions

Are these relationships consistent across different settings?  Measurements from 
SAIL, EPCAPE, and CAPE-K, along with older measurements from ENA will 
answer this question.

The links between isotopic measurements and cloud microphysical properties are 
not surprising, but how are the condensation processes aloft communicated to the 
surface?

What processes link AOD and COD to isotopic composition?
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