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Cold trap

Hypothesis: cold trap warms
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plan
• use 6-hourly met data from GEOSCCM and 

WACCM to drive our trajectory model

• predict entry-level H2O and compare to full 
model

• traj. model only contains TTL temperature 
variations

• compare to CCM prediction; differences 
caused by other processes
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GEOSCCM

only one-third of the model’s
increase is due to warming TTL
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WACCM

about 80% of the model’s
increase is due to warming TTL



conclusions, I
• both models have a bigger change in strat. 

H2O than can be explained just by TTL temps

• these other processes explain 66% 
(GEOSCCM) and 20% (WACCM) of the 
increase in H2O
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GEOSCCM

R^2 = 0.95

R^2 = 0.83

Trajectory
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CCMs tracks ice



CCMs tracks ice

traj. model to adds anvil ice 
to parcel; do not let parcel 
exceed 100% RH
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GEOSCCM & trajectory, 85-hPa tropical annual avg.

warming
tropopause

ice lofting
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conclusions, II
• both models have a bigger change in strat. 

H2O than can be explained just by TTL temps

• these other processes explain 15% 
(WACCM) and 60% (GEOSCCM) of the 
increase

• missing processes mainly correlate with 
tropospheric temperature

• ice lofting is a very plausible solution
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interannual variability
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• 10-year overlapping segments from the CCM and 
trajectory models



36

• 10-year overlapping segments from the CCM and 
trajectory models

• fit each segment: H2O = b BD + c ΔT



36

• 10-year overlapping segments from the CCM and 
trajectory models

• fit each segment: H2O = b BD + c ΔT





Model



H2O= -4.17 BD + 0.29 ΔT

Model



H2O= -4.17 BD + 0.29 ΔT

Model

Trajectory



H2O= -4.17 BD + 0.29 ΔT

H2O= -5.67 BD + 0.17 ΔT

Model

Trajectory



H2O= -4.17 BD + 0.29 ΔT

H2O= -5.67 BD + 0.17 ΔT

Model

Trajectory



H2O= -4.17 BD + 0.29 ΔT

H2O= -5.67 BD + 0.17 ΔT

Model

Trajectory



H2O= -4.17 BD + 0.29 ΔT

H2O= -5.67 BD + 0.17 ΔT

Model

Trajectory



38



38

ΔT coefficient = increase in water vapor per degree warming of the troposphere
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conclusions, III
• trend in ice lofting is responsible for a 

significant part of the trend in strat. H2O in 
models over the 21st century

• signature of ice lofting can is (potentially) 
apparent in short-term climate variability in 
the model

• a similar signature is apparent in the MLS data
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BD coefficient = increase in water vapor per unit change in BD circulation strength

GEOSCCM
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R2 = 0.7

Dessler et al., PNAS, 2013
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BD coefficient = increase in water vapor per unit change in BD circulation strength

WACCM
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WACCM
Total diff = 0.15
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