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Jet Propulsion Laboratory

wees  Why we need microwave sounders

Pasadena, California

MW sounders measure all three phases of water: vapor, liquid (incl. rain), solid (incl. snow)
Ideally suited for the hydrologic cycle
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Note: This is a 2-D view of a multidimensional world
Additional dimensions include spatial and temporal scales
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From the the ground: HAMSR

Pasadena, California
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« HAMSR operated in upward looking scan mode at JPL 2/2/2010

* Retrieved PWV time series along scan arc reveals small scale structure
0.3 mm resolution
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From the air: HAMSR

Pressure (hPa)
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HAMSR sensitivity is 10x better than anything else
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The High Altitude MMIC Sounding Radiometer
HAMSR
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Downlooking weighting functions
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View Angle: 0°
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Swath narrows
with altitude

Chan | Center Offset Bandwidth | Wt-func. Peak

freq. [GHz] [MHz] [mb or mm)]
[GHz]
118.75 -5.500 1500 Sfc/[30 mm]

« -3.500 1000 Surface

“ -2.550 500 Surface

« -2.050 500 1000 mb

« -1.600 400 750 mb

“ -1.200 400 400 mb

“ +0.800 2x400 250 mb

«“ +0.450 2x300 150 mb

«“ +0.235 2x130 80 mb

« +0.120 2x100 40 mb
50.30 0 180 Sfc/[100 mm]
51.76 0 400 Surface
52.80 0 400 1000 mb
53.596 | +0.115 2x170 750 mb
54.40 0 400 400 mb
54.94 0 400 250 mb
55.50 0 330 150 mb
56.02 0 270 90 mb
56.67 330
183.31 -17.0 4000 [11 mm]

! +10.0 2x3000 [6.8 mm]

" +7.0 2x2000 [4.2 mm]

! +4.5 2x2000 [2.4 mm]

! +3.0 2x1000 [1.2 mm]

! +1.8 2x1000 [0.6 mm]

" +1.0 2x500 [0.3 mm]

AMSU-equivalent channels circled in red

Fiight
direction
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HAMSR Overview

High Altitude MMIC Sounding Radiometer

* Built under IIP-98 in 2001

* Pre-ATMS prototype

* Currently most accurate/sensitive MW sounder
Upgraded under AITT in 2010

- Flies on multiple platforms

Global Hawk

ER-2

DC-8

+ Data transmitted from Global Hawk in R/T
Products displayed in R/T

V. useful for situational awareness

Measurements
+ Observations under all weather conditions
- Thermodynamic state of atmosphere
-+ T(z), 9(z), CLW
+ Precipitation
- Convective structure
- Reflectivity from hydrometeors
- Applications:
* Hurricanes
+ Atmospheric rivers
- Storms

Past and current campaigns

- CAMEX-4/Florida: Hurricanes 2001
« TCSP/Costa Rica: Hurricanes 2005
+ NAMMA/Cape Verde: Hurricanes 2006
- GRIP/California: Hurricanes 2010
- WISPAR/California: 2011

+ Atmospheric rivers
+ Pacific winter storms
+ Arctic science

- HS3/Virginia: Hurricanes 2011-2015
+ CalWater2/California: Atmospheric rivers 2015
- SHOUT/CA, VA: Severe weather 2015-2016
- CPEX 2017

- EPOCH 2017
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Accurate soundings

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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HAMSR in SHOUT Campaign

Pasadena, California

166 GHz

TECHNOLOGY

54.94 GHz




v SR HAMSR in EPOCH: Harvey

Pasadena, California

The retrieval here is an experimental
system that includes scattering to
allow continuous retrievals even
under raining conditions

HAMSR Retrieval T at 221.143hPa
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EPOCH - ﬂl,stH

HAMSR was also part of EPOCH
campaign (East Pacific Origin and

Characteristics of Hurricanes) in 2017. *
Luckily, it was not restricted to the
Pacific, so we got a chance to observe
the intensification of Harvey before
landfall on August 239/24th
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 Upper animation shows the
retrieved temperature at a level of
~200 hPa
=> Warm core is visible:
Change from blue to green
(2-5 K)

relative humidity[%]

. Lower animation shows retrieved
relative humidity at nadir




Teeiy - From the LEO satellites: ATMS etc.

Pasadena, California

AMSU-A (temperature sounder);
spatial res ~ 50 km

AMSU Weighting Functions

Pressure (hPa)
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AMSU-B/MHS (humidity sounder);
spatial res ~ 15 km
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ATMS

mm AMSUs are flying on
v

multiple satellites:

(8 ] * NASA/Aqua
BN o
* NOAA-16
o8 E * NOAA-17
* NOAA-18
EEE voano
e - Metop-A
* Metop-B

5494 QH
$5 QM
IESSZE  Producing > 2 million
_- soundings per day!

-- ATMS. ssu_ch:lclzaepssors
BN s

ATMS = AMSU, except
» 2x humidity
channels
* 30 km res T-
sounding




* The same MW-retrieval for HAMSR can also be applied
to ATMS. The Figures below show Harvey observations
from ATMS during the HAMSR flight.

ATMS Retrieval water vapor at 914hPa
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ATMS Retrieval T at 914hPa

water vapor[g/kg]

ATMS Retrieval T at scanpos 20

pressure [hPa]

Synergy with other

instruments:

Under these strong scattering conditions,
the retrieval is strongly dependent on
accurate background information, like
surface wind.
Additional observations, like CYGNSS, can
hereby help. Below is a loop over the core
that shows the impact of CYGNSS
information on the retrieval
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Qe From GEO satellites: GeoSTAR

Pasadena, California

A GEOSTATIONARY MICROWAVE SOUNDER MISSION FOCUSED ON THE EVOLUTION OF SEVERE STORMS
Improve our understanding o] |

sudden and unpredicted change ir M tuas et

intensification and motion oj .

Mesoscale

(GeoStorm observjitions)

destructive storms. Convective
. Systems
»  hurricanes Mutti-coll '
ulti-cells
>  severe thunderstorms anc Supercells /
mesoscale convective systems 1
Thunder
»  mid-latitude cyclones anc storms
winter storms
“m; min 1 hour 1 day 1 week 1 month -
GeoStorm Highlights
Targeted observations Life cycle storm tracking
) r < T~ g MCSs .
. " /mcss B ) =) LR T Capture dynamic processes;
iXTCs. 54" | ¥ HrCe” ok a .
Many hosting A 'x;% Y e (PR 7 diurnal cycle fully resolved
opportunitie TCs LT, ) ¢ o N Multiple simultaneous Temperature, humidity,
H . - ::-(:. T s - M S ] . . . .
s in GEO: ee@ao e PSR P " .“’ key parameters precipitation, wind
GeoStorm'\ | MESs hicss All-weather Cloud/rain-penetrating
coverage are SR, A MCSs i
oo @ Boowﬂ (& \ | 1000 km dia x 15 km vert.
e e e 3-D observations (volume); 25 km dia x 3 km
) vert. (resolution)
There are more than 80 GEO comm-sats that provides a . .
Wide coverage All storms visible from GEO

view of the Americas, being replaced at a rate of 5-6 per
year

This mission concept was used as the basis for an OSSE study of 3D wind capabilities




3D Wind from GEO MW Sounder

Pasadena, California

845 mb WIND SPEED, histogram, slope=1.1479, int=0.075018 712 mb WIND SPEED, histogram, slope=1.2735, int=-0.39952 Histogram of Differnce of DIRECTION of Wind/Shear Vectors
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Red lines indicate 1-sigma levels.

- This meets WMO requirements for wind
Wind direction precision = + 15°
Bias for both =0
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