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Introduction

Satellite data is critical for improving hurricane forecasts:

=  GOES-R ABI will provide real-time monitoring and tracking of severe weather
events with a high temporal and spatial resolutions.

o Recent studies indicate that advanced AIRS soundings has the potential to
improve the short-term prediction of tropical cyclone.

SEVIRI Ch09 (IR10.8pum) TBs
0000 UTC 09 Sep 2009, Hurricane Fred (2009)

= Onboard: MSG

= Spectral channels: 12

= Sampling Frequency: 15 min
= Spatial resolution:3km@nadir

= SEVIRI matches the typical observation cycle of weather radar.
* An unprecedented starting point for better coping with the short lifetime of cloud targets in T'C coreZegion.



A regional HVEDAS for TC core region

( HYBRID DA ALGORITHM
Maximum Likelihood Ensemble Filter (Zupanski, 2005)

LUNWP MODEL

The modified ATMOS portion of NOAA operational HWRF (2011)
-The fixed outer domain has a grid spacing of 27 km;
-The fixed inner domain of about 6°x6° has a grid spacing of 9 km

L OBSERVATION FORWARD OPERATORS

Gridpoint Statistical Interpolation (GSI)
- Exclude GSI B.E.s, the adjoint model , and minimization
Community Radiative Transfer Model (CRTM)

Hourly MLEF-HWRF cycling in both
HWRF outer and inner domain
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* SEVIRI obs at hourly interval
* AIRS T/Q soundings at 2 hourly interval

Figure.l. Schematic diagram showing the frequency and types of observations
assimilated with each experiment.

TABLE 1. Summary of observations assimilated.

MSG SEVIRI
(all-sky)

Platform(s) Type(s) Source
Advanced AIRS retrievals Temperature profiles CIMSS®
(clear-sky) Water vapor profiles

channel-9 IR10.8um radiances McIDAS"

* Cooperative Institute for Meteorological Satellite Studies.
® Man Computer Interactive Data Access System

Experimental design
= Hurricane Fred (2009)

= Rapid update MLEF-HWRF cycling system: produce 9-
km resolution analysis in TC core area every 1-h; the outer
domain provides the LBCs to the inner domain.

= Control variables include the following model variables:
wind components (U)V); specific humidity (Q);
temperature (T); hydrostatic pressure depth (PD); Total
column condensate (CWM-Ferrier microphysics).

= Ensemble size is 32 members

® Horizontal error covariance localization (Yang et al. 2009)

Sensitivity Experiments
* CTL: 60-h forecast following no data assimilation cycles.
* SEV: assimilate overcast clouds in the TC core area.

*AIRS_T: assimilate overcast clouds in the TC core area
and AIRS temperature profiles (200-800hPa) in TC
environment.



Information content extraction from SEVIRI IR10.8um at Fred (2009) core area
TB,,<-50°C
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SEVIRI provides integrated information on T'C core analysis through a regional HVEDAS.

The time series of the ensemble spread about the control run
for total cloud condensate in Fred core area

All plots are shown in a 6°x6° domain
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The errors in the background variables are moved along the storm track and 4

are propagated by the flow.
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Combine SEVIRI with advanced AIRS T/Q retrievals
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2009 Tropical Cyclone Tracks
Storm: ALO709 (FRED)

1Green: AIRS_T;
2Blue: CTL;

3Red: SEV;

Black with TC symbols:
NHC best track

37W 36.5W 36W 35.5W 35W 34.5W 34W 33.5W 33W 32.5W 32W 31.5W 31W
Forecasts: Beginning 2009090906

Observed: Beginning 2009090906, every 6 hours




Summary

Hourly updated MLEF-HWREF cycling system has been implemented and
evaluated in a regional hybrid DA system for TC core area using SEVIRI
radiances and advanced AIRS profiles.

Results indicate that the skill of quantitative cloud forecasts can be
significantly increased by appropriately assimilating cloud-affected satellite
radiances.

Future Plans

Add 6 hourly conventional observations to assimilation cycling.
Further quantify the impact of cloudy satellite radiance assimilation.

Combine MW, IR, and single field-of-view AIRS sounding retrievals into a
hybrid DA system.

It is desirable to run the system for an entire season .



Possible Path to Operations

* In the current operational HWRF model, most of satellite data are not used in

HWREF analysis process due to HWRF configuration and its model top setup.
- In our experiments, we used 15 hPa model top instead of 50 hPa.

- In order to maximizing the benefits of assimilating cloudy satellite radiances, it is
appropriate to use more realistic cloud microphysical scheme in NWP model and
include all radiatively sensitive hydrometeors into the control variables.

* Cloudy radiance bias correction for limited-area model without global statistics

* A call to explore quality control procedures of cloudy satellite radiance assimilation

from various satellite measurements.



Reference

Li, J. and H. Liu, 2009: Improved hurricane track and intensity forecast using single field-of-view advances IR sounding

measurements. Geophys. Res. Lett., 36, 1.11813, doi: 10.1029/2009GL038285.

Liu, H. and J. Lj, 2010: An improvement in forecasting rapid intensification of typhoon Sinlaku (2008) using clear-sky
tull spatial resolution advanced IR soundings. J. Appl. Meteor. Climatol, 49, 821-827.

Schmit, T. J., M. M. Gunshor, W. P. Menzel, J. J. Gurka, J. Li, and A. S. Bachmeier, 2005: Introducing the next-
generation Advanced Baseline Imager on GOES-R. Bu/l. Amer. Meteor. Soc., 86, 1079-1096.

Yang, S.-C. E. Kalnay, B. Hunt, and N. E. Bowler, 2009: Weight interpolation for efficient data assimilation with the
local ensemble transform Kalman Filer. J. Roy. Meteor. Soc., 135, 251-262.

Zhang, S. Q, M. Zupanski, A. Y. Hou and X. Lin, 2013: Assimilation of precipitation-aftected radiances in a cloud-
resolving WREF ensemble data assimilation system. Mon. Wea. Rev.,141, 754-772.

Zhang, M., M. Zupanski, M.-J. Kim, and J. A. Knaff, 2013: Assimilating AMSU-A radiances in TC core area with
NOAA Operational HWRF (2011) and a Hybrid Data Assimilation System: Danielle (2010).Under review.

Zupanski, M., 2005: Maximum Likelihood Ensemble Filter: Theoretical Aspects. Mon. Wea. Rev., 133, 1710-1726.

Zupanski, M, I. M. Navon, and D. Zupanski, 2008: The Maximum Likelihood Ensemble Filter as a non-differentiable
minimization algorithm. Quart. J. Roy. Meteor. Soc., 134,1039-1050.

Zupanski, D., 2009: Information measures in ensemble data assimilation. Data Assimilation for Atmospheric, Oceanic, and

Hydrologic Applications, S.-K. Park and L. Xu, Eds., Springer-Verlag, 85-95.

Zupanski, D., M. Zupanski, L. D. Grasso, and co-authors, 2011: Assimilating synthetic GOES-R radiances in cloudy
conditions using an ensemble-based method. Int. J. Remote Sens., 32, 9637-9659.

10



