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The High Altitude MMIC Sounding Radiometer
HAMSR
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LambrigtsenGRIP STM, Los Angeles, June 7, 2011
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Presentation Notes
HAMSR sits in “Zone 3” near the nose of the plane. Left figure shows where the 3 bands are in the MW spectrum. The table lists the 25 channels. The next figure shows nominal weighting functions. The right figure shows the scan pattern on the ground and the trapezoidal scan volume (cross-track). This results in a wide swath (~ 50 km from a 20 km flight altitude) on the ground and a narrower swath at higher altitude.
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Sounders are normally used to determine thermodynamic structure:
• Retrieval of 3-D atmospheric temperature, water vapor and cloud liquid water profiles using 

optimal estimation inversion approach
• Good agreement with dropsonde observations
• Vertical resolution (averaging kernels) is 1-2 km

q(z): Cross-track

T(z): Cross-track

T(z): Along-track

q(z): Along-track

Flight path

Note: Third band (118 GHz) also makes it possible to retrieve L(z)

HAMSR is an accurate sounder

GRIP STM, Los Angeles, June 7, 2011
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T(z) and q(z) retrievals have been validated against raobs.
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Hurricane observations with MW sounder (HAMSR) compared with doppler radar (EDOP)
Observations from NASA TCSP campaign, Costa Rica, 2005

Correlation between MW-sounder ∆Tb and radar reflectivity exceeds 90% at all levels except near surface

Height resolved “Radar reflectivity”
⇒ Use radar algorithms to derive
• Precipitation rate
• Ice water path
• Convective intensity
• Vertical structure

Vertical slicing through hurricane Emily - July 17, 2005

EDOP

HAMSR
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Based on comparison of microwave sounder (HAMSR) with doppler radar (EDOP) during TCSP/2005

NEW: Scattering profiling ⇒ Reflectivity algorithm

GRIP STM, Los Angeles, June 7, 2011
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An empirical reflectivity retrieval algorithm has been developed, based on exactly coincident data from HAMSR and EDOP in TCSP (2005). The upper panel shows observed relative Tb depression in 3 HAMSR channels during overflight of the eye of Emily. The middle panel shows EDOP reflectivity. The lower panel shows retrieved HAMSR reflectivity. The images to the right are horizontal slices derived from HAMSR. EDOP is nadir only.
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Colored curves 
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and reflect 
clustering 

uncertainty

Reflectivity retrieval accuracy

Black curve 
represents overall 
accuracy: 2-5 dBZ

GRIP STM, Los Angeles, June 7, 2011
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HAMSR reflectivity has been validated against EDOP data not used in training the algorithm. The training data set covers a wide range of conditions. The black curve represents overall retrieval accuracy. The colored lines represent accuracy when the data are segmented into case clusters, such as deep convection, shallow convection, stratiform and anvil formation. The errors are higher because of clustering uncertainties (both in training and validation). Bottom line: ignore the colored lines.
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Averaging kernels: Vertical resolution:

Averaging kernels and vertical resolution

1-3 km true vertical resolution (blue curve)

GRIP STM, Los Angeles, June 7, 2011
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We used an empirical method to determine the averaging kernels - essentially, the ratio between covariance matrices, using pseudo-inverse at various ranks. Left panel shows the averaging kernels, and the right panel shows the inferred vertical resolution (the blue line represents the true resolution).
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Hurricane Karl flight on September 16-17

GRIP STM, Los Angeles, June 7, 2011
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Presentation Notes
The large panel shows retrieved nadir reflectivity (from 1-2 km to about 13 km) for the entire over-ocean portion of the Karl flight. Red arrows mark the eye overpasses. The next click will bring up closeup views of the first and last eye overpass. One more click brings up the corresponding Tb anomaly plots. The final click brings up a panel showing retrieved temperature anomaly for the last eye pass (i.e. temperature profiles retrieved in the eye minus a profile retrieved in the vicinity. Note that the warm core anomaly appears to peak at 200 mb.
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GRIP STM, Los Angeles, June 7, 2011

HAMSR nadir reflectivity, 13-hour sequence
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Presentation Notes
The large panel shows retrieved nadir reflectivity (from 1-2 km to about 13 km) for the entire over-ocean portion of the Karl flight. Red arrows mark the eye overpasses. The next click will bring up closeup views of the first and last eye overpass. One more click brings up the corresponding Tb anomaly plots. The final click brings up a panel showing retrieved temperature anomaly for the last eye pass (i.e. temperature profiles retrieved in the eye minus a profile retrieved in the vicinity. Note that the warm core anomaly appears to peak at 200 mb.
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Comparison with APR-2
Eye pass #2 (1949 UTC)

GRIP STM, Los Angeles, June 7, 2011
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The large panel shows retrieved nadir reflectivity (from 1-2 km to about 13 km) for the entire over-ocean portion of the Karl flight. Red arrows mark the eye overpasses. The next click will bring up closeup views of the first and last eye overpass. One more click brings up the corresponding Tb anomaly plots. The final click brings up a panel showing retrieved temperature anomaly for the last eye pass (i.e. temperature profiles retrieved in the eye minus a profile retrieved in the vicinity. Note that the warm core anomaly appears to peak at 200 mb.
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20 passes over the eye in 13 hours
National Aeronautics and 
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

LambrigtsenGRIP STM, Los Angeles, June 7, 2011

Max. Z at h ≥ 8 km

Presenter
Presentation Notes
On 9/16-17/2010 the Global Hawk flew over Karl for 13 hours and passed over the eye 20 times. This is an animation of retrieved reflectivity at 4 km for those 20 passes.
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Closeup views of the inner core

Warm core anomaly
HAMSR ch. 6 = AMSU ch. 7

10 minutes

GRIP STM, Los Angeles, June 7, 2011
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On the right is a closeup of the the 20 eye passes, but now in a storm-centric view. On the left are plots of the Tb anomaly in the channel that is equivalent to AMSU #7. Each trace represents an average for 10 scan positions along the flight direction. The thick line, which is also the maximum, is the one that passes over the center of the eye. This has not been corrected for aircraft rolls, which occasionally show up as positive-negative excursions. Note how the spatial distribution of the Tb anomaly (i.e. the warm core anomaly) changes as the hurricane strengthens from cat 1 to cat 3.
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CFADs
Surface to 15 km, 70 km square @ eye

GRIP STM, Los Angeles, June 7, 2011
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On the right is a closeup of the the 20 eye passes, but now in a storm-centric view. On the left are plots of the Tb anomaly in the channel that is equivalent to AMSU #7. Each trace represents an average for 10 scan positions along the flight direction. The thick line, which is also the maximum, is the one that passes over the center of the eye. This has not been corrected for aircraft rolls, which occasionally show up as positive-negative excursions. Note how the spatial distribution of the Tb anomaly (i.e. the warm core anomaly) changes as the hurricane strengthens from cat 1 to cat 3.



HAMSR observations of the evolving inner-core structure of KarlNational Aeronautics and 
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Lambrigtsen

Vertical sclices
Eye pass #1

GRIP STM, Los Angeles, June 7, 2011
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Horizontal sclices
Eye pass #1

GRIP STM, Los Angeles, June 7, 2011
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Mean 3-D structure
All 20 eye passes

GRIP STM, Los Angeles, June 7, 2011
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• Process all HAMSR data to L1b (calibrated TB’s)
• Distribute data through 3 servers

• GRIP archive server (MSFC)
• HAMSR data server (JPL)
• Hurricane portal (JPL)

• Preliminary retrievals
• T(z), q(z), L(z) for non-precipitating FOVs
• Z(z) for precipitating FOVs

• Definitive retrievals
• Validation

• Brightness temperatures 
• TPW, T(z) & q(z) vs. sondes, satellites & analysis
• Z(z) vs. APR-2, HIWRAP & TRMM

• Derived products & analyses
• Warm core anomaly & intensity vs. time
• Convective structure vs. intensity
• New products: precipitation etc.

• Case studies
• Karl: a) genesis; b) RI (long time series)
• Earl: decline
• Matthew: genesis

• Comparison with reflectivity derived from AMSU

GRIP continues…

GRIP STM, Los Angeles, June 7, 2011

Done

In process

Next
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Plenty of work to do…
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