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Outline

Trajectorymapping of middle atmospheric H2O

Å Problem & Motivation

Å The ground-based instrument network

Å Data harmonization (BIAS correction) - EOS Aura MLS satellite platform as 
travelling standard 

Å Trajectory mapping (TM) method

Å 4 example cases of TM in 2012

Å 2 NH winter cases - Stable polar vortex regimes

Å 1 NH summer case - Prevailing zonal winds

Å 1 NH winter case - Disturbed polar vortex (SSW)

Å Summary, conclusions and outlook
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Problem & Motivation

Trajectorymapping of middle atmospheric H2O

Å How to create synoptic maps from asynopticallygathered atmospheric 
measurements?

Å Idea of TM: Synthesis of such synoptic maps by advectingmeasurements 
forward and backward in time using a trajectory model, driven by 
analyzed model wind fields 

Å (Test of suitability of mesospheric trajectory calculations)

Å Usually satellites observe global coverage of middle atmospheric trace 
gases like water vapor or ozone

Å Potential future lacking of space-based remote sensing platforms for 
atmospheric trace gas observations may lead to information gaps about 
the state of the atmosphere

Can we go without satellites?

10.10.2014
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The ground-based H2O microwave radiometer 
network

Trajectorymapping of middle atmospheric H2O 10.10.2014
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The ground-based H2O microwave radiometer 
network

Trajectorymapping of middle atmospheric H2O 10.10.2014
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Trajectorymapping of middle atmospheric H2O 10.10.2014

MIAWARA
Å Located at Zimmerwald, 

Switzerland (46.88°N / 7.46°E / 
907 m)

Å Operational since 2002

Å Operating during day and night at 
all weather conditions except 
precipitation (rain, snow)

Å Measures the pressure 
broadened rotational transition 
line of H2O at 22.235 GHz

Å Vertical H2O profile retrieval by 
the Optimal Estimation Method 
(OEM)

The ground-based H2O microwave radiometer 
network

12 h retrievals
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Trajectorymapping of middle atmospheric H2O 10.10.2014

SWARA
Å Located at Seoul, South Korea 

(37.54°N / 127°E / 52 m)

Å Operational since 2006

Å Operating during day and night at 
all weather conditions except 
precipitation (rain, snow)

Å Measures the pressure 
broadened rotational transition 
line of H2O at 22.235 GHz

Å Vertical H2O profile retrieval by 
the Optimal Estimation Method 
(OEM)

The ground-based H2O microwave radiometer 
network

0.01 K retrievals
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Å Located at Mauna Loa,  Hawaii 
(19.5°N / -155.4°E / 3394 m)

Å Operational since 1996, WVMS5 
since 2009

Å Operating during day and night at 
all weather conditions

Å Measures the pressure 
broadened rotational transition 
line of H2O at 22.235 GHz

Å Vertical H2O profile retrieval by 
the Optimal Estimation Method 
(OEM)

WVMS5

The ground-based H2O microwave radiometer 
network

24 h retrievals
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Å Located at Table Mountain,  CA 
(34.4°N / -117.7°E / 2282 m)

Å Operational since 1993, WVMS4 
since 2006

Å Operating during day and night at 
all weather conditions

Å Measures the pressure 
broadened rotational transition 
line of H2O at 22.235 GHz

Å Vertical H2O profile retrieval by 
the Optimal Estimation Method 
(OEM)

WVMS4

The ground-based H2O microwave radiometer 
network

24 h retrievals
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Å Located at Sodankylä, Finland 
(67.37°N / 26.63°E)

Å Operational period in Sodankylä: 
June 2011 ςMarch 2013

Å Operating during day and night at 
all weather conditions except 
precipitation (rain, snow)

Å Measures the pressure 
broadened rotational transition 
line of H2O at 22.235 GHz

Å Vertical H2O profile retrieval by 
the Optimal Estimation Method 
(OEM)

MIAWARA-C

The ground-based H2O microwave radiometer 
network

12 h retrievals
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Data harmonization (BIAS correction) 
Aura MLS as travelling standard

Trajectorymapping of middle atmospheric H2O

Å Even if common instrument hardware features are present, a 
non-negligible BIAS in retrieving H2O VMR among GBMWs 
has to be expected

Å A harmonization technique was much-needed

Å Quasi-seasonal (summer/winter) correction factors ς
dependent on pressure levels and location of the 
instruments ςwere  extracted from mean relative difference 
profiles between MLS and GBMWs (Aug 2010 ςAug 2013)

Å Coincident criterion:  800 km (E/W) x 400 km (N/S)

Å Covered pressure range: 10 ς0.05 hPa

10.10.2014
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GBMW bias correction ςAura MLS as travelling 
standard

Trajectorymapping of middle atmospheric H2O 10.10.2014

NH winter season ( Oct, Nov, Dec, Jan, Feb, Mar) mean Drel of H2O difference profiles 



The sudden stratospheric warming of 2010

13

GBMW bias correction ςAura MLS as travelling 
standard

Trajectorymapping of middle atmospheric H2O 10.10.2014

NH summer season (Apr, Mai, Jun, Jul, Aug, Sep) mean Drel of H2O difference profiles 
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Trajectory mapping (TM) method
LAGRANTO - The trajectory model 

Å LAGRANTO (Wernli and Davies, 1997) ςSoftware tool (shell 
scripts + FORTRAN programs) to analyze Lagrangian aspects 
of atmospheric phenomena

Å Requirement: Time series of 3-D wind fields (NetCDF)

Å U,V and W are only resolved on the model grid scale ς
turbulent motions stay unresolved

Å Solving the trajectory equation:

2nd order iterative Petterssenscheme 
(Petterssen,1940)
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Trajectory mapping (TM) method
Wind field data - ECMWF 

Å ECMWF operational analyses data from daily model runs 
(cycle 37R3 T1279) ς6 hourly time spacing

Å Horizontal resolution: 1.125° x 1.125°

Å 91 vertical model levels from the surface up to 0.02 hPa

Error sources
Å Interpolation errors during temporal and spatial interpolations of the 

model wind field (model grid / time resolution) to a trajectory position 
(4D-continuum)

ÅErrors in the initial conditions of ECMWF model (limited accuracy of U,V 
and W)
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Trajectory mapping (TM) method

Å Trajectory calculations for tracking air parcels start from all 5 
GBMW locations (LAT, LON) and on 1000 pressure levels 
between 10 and 0.05 hPa 

Å Up to 240 h forward and backward trajectories to assign the 
H2O VMR values along the trajectory paths (trajectory 
calculation start every 6 hours) + correction of the VMR 
values

Å Overall about 4 x 105 trajectories per case study (5 GBMWs)

Å H2O VMR profile time series from each GBMW were 
interpolated to 1000 pressure levels and to the ECMWF 
model time resolution (00 06 12 18 UTC)



The sudden stratospheric warming of 2010

17

Trajectorymapping of middle atmospheric H2O 10.10.2014

Trajectory mapping (TM) method
Assumptions

Constant H2O VMR of air parcels 
while moving along kinematic 

trajectories

No turbulent mixing

No photolysis or 
chemical reactions

No phase changes
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Trajectory mapping (TM) method
Synthesis of hemispheric H2O maps

Å Declaration of a pressure layer to filter the TM data  
belonging to trajectory end points

0.13 ς0.07 hPa

12 ς8 hPa

3.5 ς2.5 hPa

1.3 ς0.7 hPa

Ғ сп ƪƳ

Ғ 32 km

Ғ 40 km

Ғ 48 km

Stratosphere

Stratopause

Mesosphere
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Trajectory mapping (TM) method
Synthesis of hemispheric H2O maps

Raw TM H2O map 3D domain averaged

Å Binning and averaging TM data in 3D domains

Å Stratospheric domains: 2.5° x 2.5°

Å Mesospheric domains (including stratopause level): 5.0° x 5.0°

Å Vertical extent according to previous defined pressure layers
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Definition of the polar vortex

1. encloses a low pressure system

2. is longer than 15 x 103 km

3. is at every point north of 15°N

4. has on average the highest absolute wind speed along the contour.

Determination of  the 
polar vortex as the 
geopotential height 
contour on isobaric 
surfaces which...

Effective from :
10 hPa to 0.01 hPa
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Trajectorymapping of middle atmospheric H2O 10.10.2014

Example case A ςNH winter (stable polar vortex) 
2012-02-28 12 UTC

Validation


