Stratospheric water vapor

* Measurements of stratospheric H,O

* Global variability and seasonal cycle

« Simulations of H,O: trajectory models and global models

« Long-term variability, trends and links to tropical tropopause temperatures

« Summer monsoons



Measurements of stratosphere water vapor

VOMEL ET AL.: MLS WATER VAPOR VALIDATION BY CFH
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HURST ET AL.: BOULDER S5TRATOSPHERIC WATER VAPOR TRENDS
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Figure 3. Monthly averaged vertical profiles of strato-
spheric water vapor over Boulder, Colorado. Each average
profile is based on 22-37 individual soundings in the spec-
ified month during 1980-2010. The seasonal cycle is evi-
dent for altitudes <19 km.

JGR, 2011
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Famous long record from Boulder
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Increase in lower-stratospheric
water vapour at a mid-latitude
Northern Hemisphere site
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from 1981 to 1994 1
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TABLE 1 Observations of water vapour mixing ratios

Standard 95% . epe
Height ~ Mean  Oeviation ~ Numoerof  Trend  confidence significant trends
. 1, - o
(km) {p.p.mN.) (p.p.m.v.) observations (% yr ) interval (% yr ) nea rIy + 1 % / yea r
10-12 59.2 36.46 125 1.03 272
12-14 11.88 5.94 125 221
14-16 4.66 0.98 125 0.93
16-18 3.87 0.48 125 0.55
18-20 3.85 0.35 124 0.40
20-22 4.07 0.29 119 0.32
22-24 421 0.29 114 0.31
24-286 4.29 0.30 97 0.34




HALOE solar
occultation

Measurements

* (Good vertical resolution ~2 km

 Limited space-time sampling

« (Observations 1992-2005

HALOE sampling
for one year
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Aura Microwave Limb Sounder (MLS) The A-Train
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« Vertical resolution ~3 km

* Daily global sampling

« Observations 2004-present

MLS water vapor mixing ratio (in ppmv) at 100 hPa on 01/02/2007

s MLS daily
o) orbital data




EVIDENCE FOR A WORLD CIRCULATION
PROVIDED BY MEASUREMENTS OF HELIUM
AND WATER VAPOUR DISTRIBUTION IN THE
STRATOSPHERE

QJRMS, 1949

By A. W. BREWER, M.Sc., A.Inst.P.
The stratosphere is
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FIG. 5. A supply of dry air is maintained by a slow mean circulation from
the equatorial tropopause.



Workshop on Brewer-Dobson circulation, Oxford University, December 1999




EVIDENCE FOR A WORLD CIRCULATION
PROVIDED BY MEASUREMENTS OF HELIUM

AND WATER VAPOUR DISTRIBUTION IN THE

STRATOSPHERE

By A. W. BKREWER, M.Sc., A.Inst.P.

QJRMS, 1949
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FIG. 5. A supply of dry air is maintained by a slow mean circulation from
the equatorial tropopause.
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FRESSURE [hFPal

FUIWARA ET AL.: TROPICAL LOWER STRATOSPHERIC WATER VAPOR JGR 2010
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Pressure (hPa)

Tropical tape recorder observed by MLS 2004-2012

MLS H.,O (-12-12) 2004-2012

H.O Mixing Ratio (ppmv)

2005 2006 2007 2008, 2009 201¢° 2011 2012

Interannual variations in tropopause
temperature reflected in H,O



Lower stratosphere horizontal tape recorder 390 K
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Trajectory simulation of transport on 400 K isentrope

calculations for June-August 2001




Latitude

Summertime lower stratosphere maxima linked to monsoon circulations
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Trajectory simulations

* dehydration at Lagrangian cold point *

Schoeberl and Dessler 2011

Latitude

Note that results are sensitive

to many details of the calculations:
kinematic vs. diabatic trajectories,
temperature data, supersaturation,....

also Fueglistaler et al 2005 JGR
Liu, Fueglistaler, Haynes, JGR 2010
Wright et al 2011, others...

(a)

(c)

Final dehydration locations
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Trajectory calculations based on different reanalysis data sets

Schoeberl et al 2012 ACP

HALOE & MLS

MLS obs.
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Details are sensitive to the meteorological data




Chemistry-climate model simulations from WACCM
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‘tape recorder
HALOE vs. WACCM

models have
varying biases in
tropopause temps
and stratospheric
H,O
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Temperature (K)

Tropical cold point temperatures and H,O
from chemistry-climate models Gettelman etal 2010

(from CCMval assessment)
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also a large range of future trends
predicted from models



Interannual changes in stratospheric water vapor

HALOE global mean, 82 hPa deseasonalized
c) HALOE H20 82hPc b) HALOE H20 anomalies 82hPa
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Extending the satellite record: HALOE + Aura MLS data

<" the QBO. What else?
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Comparisons with the Boulder balloon record
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H.O (ppmv)

H,O anomalies originate near the tropical tropopause,
and propagate coherently with time

vertical propagation

Pressure (hPa)
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Altitude (km)

Deseasonalized H,O Anomalies

vertical propagation
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Correlated variations in stratospheric H,0 and cold point temperatures

/ most recent plot, updated through early 2015
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Correlated variations in stratospheric H,0 and tropical cold point temperatures

b
Deseasonalized Anomalies  (1991-2015)
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tropical temperature anomalies
associated with 2000 H,O decrease
(from radiosondes)
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similar changes in ozone profiles
suggest a response to
increases tropical upwelling

still a topic of active research




Science 2010

B Observed H,0 change
Contributions of Stratospheric Water |
Vapor to Decadal Changes in the
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Water vapor changes during 2011-2013
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Key points:

* Stratospheric H,O seasonal cycle is well understood. Enhanced
tropical dehydration during boreal winter (cold season).
Tape recorder, rapid global transport in lower stratosphere,
monsoons in UTLS during NH summer. Also Antarctic dehydration.

«Simulation of seasonal cycle in trajectory calculations and
stratosphere-resolving climate models is reasonable.
Interannual variability in climate models is different from observations.

* Interannual changes for satellite record (1992-2015) in good
(quantitative) agreement with tropical cold point. Cold point
controls stratospheric water vapor; what controls the cold point?

« What processes control water vapor in summer monsoon regions?



Summer monsoon circulations and H,O i
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UV Dosage Levels in Summer:
Increased Risk of 0zone Loss from

2 H H aircraft measurements;
Convectively Injected Water Vapor  Science 2009 ’
extreme values from
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What processes maintain the
monsoon H,O maxima?

Domain filling trajectory calculations,
no explicit convection
Schoeberl| et al, ACP 2013
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The influence of summertime convection over Southeast Asia

on water vapor in the tropical stratosphere

J. S. Wright,! R. Fu,” S. Fueglistaler,” Y. S. Liu,* and Y. Zhang®

Received 1 December 2010; revised 3 March 2011; accepted 28 March 2011; published 17 June 2011.
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100hPa H,O (ppmv)

variability in Asian monsoon

9 years of MLS observations
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Composites over N America
wrt 100 hPa H,0

less convection
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Composites over Asia
wrt 100 hPa H,0O
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less convection
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time series over Asia during summer 2009
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-

(b) Composited OLR anomalieg - dry ) *

W/m?

North American monsoon: _
links to temperatures at 100 hPa o

-

N,

4
(b) Composited T anomalids - dry )
\

'

20N =

180 150W 123 90W

Temp and zonal wind anomalies near 90 W

40N

20N

-

(b) Composited T ano:nalieé - dry
f L L \ 1

50

0

T T T T T T 70 =
180 150W  120W  OW  6OW  30W T
100 = 4 ¢

BT [ [ [ [ [ (e "g Prc 3
-15 1.5 > X
| ” O 200 12 =)
- 8 250 —f 'g,
8 300 — g)
colder temps in low latitude B el #3uiE 8
500 ==
stratosphere .
700 =~ . b .
850 == 3 $3:ii8
1000

0 20N 40N

Similar physical process as in
Asian monsoon




Key points:

« Surprising result: strong (weak) convection associated with
dry (wet) lower stratosphere
* Physical link: femperatures in the subtropical stratosphere

« Overshooting convection does not control monsoon H,O
upward transport by
overshooting convection
and/or large-scale circulation

-

_anticyclone > 100 hPa

~— 215 hPa

dehydration on
cold equatorward side

transport in Asian monsoon
Park et al, JGR, 2009
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