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M. R. Schoeberl and A. E. Dessler: Dehydration of the stratosphere

Dehydration Location Density — All Seasons
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plan

use 6-hourly met data from GEOSCCM and
WACCM to drive our trajectory model

predict entry-level H20 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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conclusions, |

® both models have a bigger change in strat.
H,O than can be explained just by TTL temps

® these other processes explain 66%
(GEOSCCM) and 20% (WACCM) of the
increase in H,O
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CCMs tracks ice

traj. model to adds anvil ice
to parcel; do not let parcel
exceed 100% RH
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conclusions, |l

both models have a bigger change in strat.
H,O 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



H20 anomaly

0.8

0.6

MLS

monthly avg. anomalies
82 hPa (18 km)
30°N-30°S avg.

...................

.............................




H20 anomaly

0.8 ——

0.6

MLS
monthly avg. anomalies
82 hPa (18 km)
30°N-30°S avg.

...................

.............................

iInterannual variability

i i
2006 2008

year

i
2010

i
2012

35

2014



-0.8 i i i i i -0.6
2000 2002 2004 2006 2008 2010 2012 2006

-0.8 ] | | |
2016 2018 2020 2022 2024 2026

0.6 T T T T T
0.4

0.2

-0.8 | i ; i i
2020 2022 2024 2026 2028 2030 2032

0.8

0.6

0.4

0.2

-0.6
2026

1.0




Y S o s v V(IR [N U DR " Y

 10-year overlapping segments from the CCM and
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Analysis for Research  Weather Forecasts Microwave
and Applications interim reanalysis Limb Sounder
(MERRA) traj (ERAI) traj (MLS)/ME RRA MLS/ERAI

Regression peried 2004-2014 2004-2014 20042014 2004-2014
Quasi-biennial csdllation (QBO) 0.10 +/- 005 0.09 +/- 003 0.12+/- 005 0.11 +/- 004
Brewer-Dobson circulation (BDC) —4.25 +/— 140 —2.48 +/—- 055 —~3.48+/-162 —-251+/-083
Tropospheric temperature (AT) 018 +/-017 017 +/-011 0.30+/-0.20 0.34 +/- 017
R* 0.79 0.72 0.75
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conclusions, ll|

® trend in ice lofting is responsible for a
significant part of the trend in strat. H,O in
models over the 2|st century

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

® 3 similar signature is apparent in the MLS data
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BD coefficient - ccm/mls

BD coefficient = increase in water vapor per unit change in BD circulation strength
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Table 1. Coefficients from regressions of the H,0,,_cnty time series

MLS observations

Regressor MERRA ERAI
QBO 0.09 + 0.05 0.09 + 0.04
BD -39+ 1.6 -2.6 + 0.8
AT 0.27 + 0.19 0.30 + 0.16

The units of the QBO, BD, and AT coefficients are ppm, ppm/(K/d), ppm/K, respectively. The uncertainty is the
95% confidence interval. The two MLS fits use MERRA and ERAI values of BD and AT.

H20*=aQBO +bBD +c AT +r

Dessler et al., PNAS, 2013 45 LK]LE IM
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MLS observations

Regressor MERRA ERAI
QBO 0.09 + 0.05 0.09 + 0.04
BD -39+ 1.6 -2.6 + 0.8
AT 0.27 + 0.19 0.30 + 0.16

The units of the QBO, BD, and AT coefficients are ppm, ppm/(K/d), ppm/K, respectively. The uncertainty is the
95% confidence interval. The two MLS fits use MERRA and ERAI values of BD and AT.
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Table 1. Coefficients from regressions of the H,0,,._cntry time series

MLS observations GEOSCCM simulations
Regressor MERRA ERAI All variability
QBO 0.09 + 0.05 0.09 + 0.04 N/A
BD -39+ 16 -2.6 + 0.8 -6.1 + 0.8
AT 0.27 + 0.19 0.30 + 0.16 0.36 + 0.03

The units of the QBO, BD, and AT coefficients are ppm, ppm/(K/d), ppm/K, respectively. The uncertainty is the
95% confidence interval. The two MLS fits use MERRA and ERAI values of BD and AT.

. .
H20*=a QBO +bBD + c AT +r . ATM



Table 1. Coefficients from regressions of the H,0,,._cntry time series

MLS observations GEOSCCM simulations
Regressor MERRA ERAI All variability
QBO 0.09 + 0.05 0.09 + 0.04 N/A
BD -39+ 16 -2.6 + 0.8 -6.1 + 0.8
AT 0.27 + 0.19 0.30 + 0.16 0.36 + 0.03

The units of the QBO, BD, and AT coefficients are ppm, ppm/(K/d), ppm/K, respectively. The uncertainty is the
95% confidence interval. The two MLS fits use MERRA and ERAI values of BD and AT.

. .
H20*=aQBO+bBD +cAT+r ATM
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