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Hurricane Karl (2010)

Thermodynamics: HAMSR is an accurate sounder

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 2-3 km

* 50 dropsonde
comparisons during
HS3 over a wide variety
of atmospheric
conditions

* Dropsonde profiles
smoothed vertically to
match HAMSR vertical
resolution

« HAMSR website
contains validation
reports for each flight

* Reports include
comparison to MERRA
and dropsondes T,q,RH

Precipitable Water Vapor (mm)

HAMSR vs Dropsonde IWV during WISPAR 2011
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Hurricane Karl (2010)

W o= NEW: Scattering profiling = Reflectivity algorithm

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

Hurricane observations with MW sounder (HAMSR) compared with doppler radar (EDOP)
Observations from NASA TCSP campaign, Costa Rica, 2005

Vertical slicing through hurricane Emily
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Height resolved “Radar reflectivity”
= Use radar algorithms to derive

* Precipitation rate
* Ice water path
» Convective intensity

 Vertical structure

Lambrigtsen
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Hurricane Karl (2010)

Reflectivity retrieval accuracy: 2-5 dBZ

O

Reflectivity error (dBZ) —»
(7]
|

— full
1 (null)

2 (strata)

3 (other)

4 (conv)

5 (storng conv)
comb

Black curve
represents overall
accuracy: 2-5 dBZ

{0

1)

&

D

&)

|\

)

&

o
M)
9
S
N

2 |

| I
Altitude (km) >

Colored curves represent category clusters and reflect
clustering uncertainty and not retrieval uncertainty



National Aeronautics and
Space Administration

kel Jet Propulsion Laboratory

California Institute of Technology
Pasadena, California

Averaging kernels:

Hurricane Karl (2010)

Averaging kernels and vertical resolution

Vertical resolution:
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National Aeronautics and Hurricane Kal’| (2010)

A IOy Comparison with radar (HIWRAP)

" California Institute of Technology
Pasadena, California

H. Karl, 0644 UTC 9/17/2010
Note: Perfect space-time match since both sensors are on same aircraft

HIWRAP HAMSR

HAMSR reproduces all major structures, but at lower spatial resolution
including cloud top structure
including eye/eyewall structure

HAMSR has reduced sensitivity near surface

HAMSR has reduced sensitivity through stratiform structures
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~=«==" Not much happening in the 2013 HS3 campaign

2013-09-04 04:00:00

Height of convection
from HAMSR reflectivity
(real-time display)

2013-08-16 06:00.00

-
— - - -

Gabrielle (9/10/2013)
Flight aborted
due to problems with the aircraft

Ingrid (9/16/2013)
Flight cut short due to low T @ flight altitude

AGU, San Francisco, December 9, 2013 Lambrigtsen
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=== "Back to GRIP: Hurricane Karl flight (9/1 6-17, 2010)

Data viewable at the JPL Hurricane Portal (http //grlp jpl nasa. gov)
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Hurricane Karl (2010)

Rapid Intensification period

13-hour Global Hawk flight
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W 2 HAMSR nadir reflectivity, 13-hour sequence
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R L, | 20 passes overlthe eye in 13 hOU rs
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Warm core anomaly

Thb-anomaly at 54.94 GHz (HAMSR ch. 6 = AMSU ch. 7) Tb-anomaly at 55.5 GHz (HAMSR ch. 7 = AMSU ch. 8)
~ 250 mb ~150 mb
HAMSR Composite 54.94 GHz Limb Corrected TB (K) HAMSR Composite 55.5 GHz Limb Corrected TB (K)
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North/South Distance From Center (km)
North/South Distance From Center (km)
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AGU, San Francisco, December 9, 2013 13 Lambrigtsen
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Ay Closeup views of the inner core

Warm core anomaly

HAMSR ch. 6 = AMSU ch. 7

17:0804

10 minutes

AGU, San Francisco, December 9, 2013
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Warm core temperature anomaly correlations

HAMSR 11 km temperature anomaly vs Central Pressure Karl 9-16/9-17 2010
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Closeup view of warm anomaly & reflectivity

Nadir reflectivity and 250-mb Tb anomaly during two eye passes (06-07Z, 9/17/10)

Data 510, NOAA, U.S..Navy, NGA, GEBCO
Image Landsat

(ﬂ;‘mglt‘ earth

-3
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Thermodynamics in eye
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AGU, San Francisco, December 9, 2013

Hurricane Karl (2010)

===="" Thermodynamic structure of the warm core

Warm anomaly propagates to
lower levels as the storm
intensifies with the peak warm
anomaly increasing by ~2-3C

Decreasing RH in upper
troposphere while air below the
inversion layer remained near
saturation

Evolution near the end of the

flight may be influenced by
proximity of land

17 Lambrigtsen
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—==="Evolution of thermodynamics & convective structure

AGU, San Francisco, December 9, 2013 18 Lambrigtsen
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e Jet Propulsion Laboratory
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National Aeronautics and Hurricane Karl (2010)

Space Administration

W == lnner core structure change in 12 hours of Rl

9/16/1949Z (75 kt) 9/17/0745Z (88 kt)

Reflectivity (surface to 15 km)

50.3 GHz brightness temperature

Eye is cloudy Eye is clear and smaller
Deep convective structures Deep convection has weakened
Large asymmetric nonuniform inner 50-GHz ring Ring is uniform, symmetric, lower & smaller

Is this related to the 37-GHz ring hypothesis?



Hurricane Karl (2010)

National Aeronautics and
Space Administration

N S, Rapid Intensification and the 37 GHz ring

Pasadena, California

From simultaneous radar vertical cross sections, the inner edge

Kieper, M. E., H. Jiang, and J. P. Zagrodnik, ; ] y 5 :
2012: Using the 37 Color Composite PMW portion _of the ring is nearly 100% clo§e.d SL_Jrroundmg the TC center
for Rapid Intensification Forecasts of and mainly consists of shallow precipitation from near or below
Tropical Cyclones, 2012 Fall AGU the freezing level to the surface (Kieper and Jiagg, 2012) . The

Kieper, M. E., and H. Jiang, 2012: Predicting f d b Fthe T Id h i
tropical cyclone rapid intensification using L0 _ge p_o IO ERIIC ST COU 2 ?S)_/mme _lC g eI?SG
the 37 GHz ring pattern identified from convection (i.e., hot towers) embedded within the fing. This outer
passive microwave measurements. edge portion of intense convection (the pink color)lis highly

Geophys. Res. Lett., 39, L13804,

doi:10.1029/2012GL052115. asymmetric
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HAMSR 50 GHz view similar to 37 GHz view

Tra:ln. 20140 l’]'l] ]‘ -I[!(I 00
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RS M 3l sy freezing lével to- the surface

AGU, San Francisco, December 9, 2013 22 Lambrigtsen
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Hurricane Karl (2010)

Evolution of the 50 GHZ HAMSR ring
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Hurricane Karl (2010)

Trends in convective structure during Rl

Inner core (eye wall) reflectivity
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Other trends
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Hurricane Karl (2010)

Mean 3-D structure
All 20 eye passes

Combined EYES  Elevation: 454 (m)
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Hurricane Karl (2010)

Radial distribution of reflectivitv

average in linear space
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Hurricane Karl (2010)

Summary (no conclusions yet)

Some preliminary observations from 13 hours of RI:
» Warm core develops at 200 mb and spreads down to surface
* Inner core drying starts at 300 mb and spreads to top of BL
* There is a slow compression of the BL (from 3 km to 2 km)
» Warm core extends well beyond the inner eye wall
» \Warm core contracts when the eye becomes cloud free
» Eye wall convective structure changes significantly
» Deep convective cells disappear

* Inner-core convection becomes symmetric, uniform, shallower

» Eye clears and changes in diameter:
» Clear and low-reflectivity area expands
» Eye walls contract and narrow

« Convective structure may be exhibiting oscillatory behavior (TBD)

HAMSR is a valuable tool for hurricane research
* Brightness temperatures > Warm core anomaly
» Sounding products - Thermodynamics
* Reflectivity products - Convective structure

The analysis will continue
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