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Global Precipitation Measurement (GPM) Microwave Imager (GMI)

 GPM was launched on February 27, 2014.
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oiaiang e moser * Two instruments:
Dual-Frequency
Percipitation Radar (DPR):
KuPR: Ku-band (13.6 GHz)
KaPR: Ku-band (35.5 GHz)

- Dual frequency Precipitation Radar (DPR)

Resolution;

o7 250m or .

- GPM Microwave Imager (GMI):

* Conical scanning

* 65degree inclination angle

Flight Direction
407 km Altitude

Pl * 904 km swath on the Earth’s surface

* 13 channels between 10.65 GHz and
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Difficulties in Assimilating All-Sky MW Radiance Data

radiometer

C O

atmospheric gases
hydrometeors

surface

 Simulating precipitation affected radiances requires
various microphysics parameters such as size
distribution.

* Scattering effect caused by hydrometeors is difficult to
parameterize accurately in radiative transfer models.

» Surface emissivity, depending on surface
characteristics.

* Ocean: salinity, skin temperature, surface
roughness, and ocean foam caused by wind speed

affect ocean surface emissivity

* Much more challenging over land



Surface Emissivity

GMI CH3 (19 GHz Vpol) GMI CH10 (166 GHz Vpol)
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Ocean: € ~ 0.56 Ocean: € ~ 0.78
Land: € ~ 0.99 Land: € ~ 0.95

* Tb over the ocean is lower than Tb over land at microwave frequencies
* Tb over the ocean at lower microwave frequencies is lower than at high microwave frequencies.



GMI Observations: Brightness Temperature (Tb)
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Modifications Made in GSI
for All-sky GMI Radiance Data Assimilation



Components for Radiance Data Assimilation

J(x,)= (\X.;l -x,)T B (x, - I) + (\H (x,) - O)TR* (H(x,) - 0)}
|

Fit to model generated background fields Fit to observations

--> Add clouds and precipitation (ql, qi, qr, gs)

x,=Analysis --> Add clouds and precipitation (ql, qi, gr, gs)

O= Observations  --> Keep cloud and precipitation affected radiance data.

B= Background error covariance --> Static B + EnKF B including ql, qi, qr, gs

R = Observation Error covariance (= instrument error + representativeness error
+ forward operator error)

--> Assign observation errors proper for all-sky condition

H = Observation operator

--> Evaluate/Enhance CRTM performance in regions with precipitation
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A Case Study: Hurricane Arthur (3 July 2014, 1227)

GMI Observations (37GHz)

Normalized TB polarization difference

BT [ T [ [ [ T

1.0 09 08 07 06 05 04 03 02 01 O

Stand-alone analysis

Only GMI data assimilated.

Background fields and Ensemble background errors
are from one of cycled Hybrid experiments.

20km thinning distance was used for GMI
observations to take a closer look at performance of
various analysis system components.

Observation operator: Is the observation operator
able to simulate GMI radiance properly in stormy
region?

Quality control: What criteria for gross check
should be applied for all-sky GMI data?

Analysis increments: What effects do GMI
radiance data assimilation have on clouds,
precipitation, and water vapor analyses?




Observation Operator: Interpolating 0.5 ‘Background Fields to Obs. Locations

Water vapor
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Cloud liquid water
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Observation Operator

......... ......... ......... : ’:'::‘ : ......... GMI 37 GHZ ; : ) — | TOO warm

GMI
183.3+/- 7 GHz

Not cold
enough
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Radiative Transfer Process in Cloud and Precipitation

>

Radiometer \g Scattered
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Incident
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Surface temperature and emissivity
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Mixed Medium Dielectric Constant

Current CRTM cloud coefficients are based on Mie calculations with mixed
medium dielectric constants.

Low density

e Keeping the large dimension

Valid at L << Wavelength
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Discrete Dipole Approximation (DDA) Method

The upcoming version of CRTM cloud coefficients are based on scattering
parameters calculated with DDA method.

)

* The DDA is a method for
computing scattering of radiation
by particles of arbitrary shape. S

)

* In the DDA method, an actual
target is approximated by an G
array of dipoles. S

From Mishchenko et al (2000)



37 GHz

Background (CRTM/DDA)
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Observation
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Observation Errors for All-Sky GMI

* Observation error is defined as a function of cloud amount.
* Smaller errors in clear sky and larger errors in cloudy and precipitation situation
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Mean of observed and first-guess(FG) cloud amount derived from 37 GHz polarization difference
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Observation Errors for All-Sky GMI

* Observation error is defined as a function of cloud amount.
* Smaller errors in clear sky and larger errors in cloudy and precipitation situation
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All-sky GMI 37 GHz (CH6)
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Mean of observed and first-guess(FG) cloud amount derived from 37 GHz polarization difference
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Does All-Sky GMI’s O-F Satisfy Gaussianity ?

All-sky GMI 37 GHz (CH6)
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Does All-Sky GMI’s O-F Satisfy Gaussianity ?

All-sky GMI 37 GHz (CH6)
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Does All-Sky GMI’s O-F Satisfy Gaussianity ?

All-sky GMI 37 GHz (CH6)
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Cloud dependent observation errors help distributions to be more Gaussian.
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Background Error Covariance for Clouds
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Ensemble Spread
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37GHz

183.3+/-7GHz

Quality Control :Gross Check using Normalized Departure

Before QC

Normalized departure

-1.0 0.6 0.2 0.2 0.6 0.9 1.3 17 2.1 2.5 2.8

Before Q

Low frequency channels:
|Keeping most observations

except for unscreened
land contamination.

High frequency channels:

Removing data in the

regions with too much
discrepancy between
observed clouds and
background clouds



Preliminary Results
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Single Obs Point Test

* Test with GMI observations at one observation location.
* Observed cloud&precipitation >> Background cloud & precipitation
* 9 GMI channels (channels 3, 4, 5, 6, 8, 10, 11, 12, and 13) were used.
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Cloud and Precipitation Analysis Increments from Assimilating GMI Data

Normalized TB polarization difference
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Impacts of GMI Radiance Data on GEOS-5 Precipitation Forecasts

Humidity, temperature, wind, ....
(Cloud/precipitation increments are not applied back to forecast model yet..)

Analysis increments
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Future Work

1. Examine the impacts of all-sky GMI radiance data assimilation on
GEOS-5 forecasts through cycled experiments using the hybrid
system.

2. Expand ocean-only all-sky GMI framework to utilize GMI data over
land.
* Improving precipitation over land will be beneficial for land
surface modeling.
 Improved surface background fields will be beneficial for
calculating surface emissivity to assimilate microwave radiance
data over land.

3. Apply and test GMI all-sky radiance data assimilation framework in
the 4D-EnsVar system currently in development at the GMAO.
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