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Data Coverage of GOIS-15 and
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GOES-13/-15 Imager Channel Characteristics

Resolution Error
Channel Frequency |Band width (km) (K)
() (um)
GOES-13 | GOES-15 | GOES-13 | GOES-15
1 0.65 0.19 1.0 1.0 +5% +5%
2 3.90 0.34 4.0 4.0 0.051 0.063
3 6.55 1.50 4.0 4.0 0.140 0.170
4 10.7 1.00 4.0 4.0 0.053 0.059
6 13.35 0.70 8.0 4.0 0.061 0.130




Channel Characteristics of GOES-11/-12 Imager

Channel Central Horizoqtal General usage
Number | Wavelength | Resolution
1 0.65 um 1 km Surface and cloud top during
daytime
7 3.9 um 4 km Low cloud/fog detection
3 81/ [l L Water vapor at high level
6.5 um 4 km
4 10.7 um 4 km Surface and cloud top temperature
Surface and cloud top temperature,
S 12.0 pm 4 km water vapor at low level
Cloud top temperature, effective
6 13.3 um 8 km cloud amount cloud top pressure




Weighting Functions of GOES-13/15 Imager Channels

Pressure (hPa)
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GOES Pixel Shapes near Nadir
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GOES-11/-12 Imager Spatial Coverage
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Pixel Shapes at Different Observing Locations

Northwest of Nadir (C) North of Nadir (D)
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NOAA 10-Year Program
(2008—2018)

Hurricane Forecast Improvement Program (HFIP)

http://www.hfip.org

HFIP provides the basis for NOAA and other agencies to
coordinate hurricane research needed to significantly
improve guidance for hurricane track, intensity, and storm

surge forecasts. It also engages and aligns the inter-agency
and larger scientific community efforts towards addressing
the challenges posed to improve hurricane forecasts.
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HWRF Vortices

(1) The two-dimensional symmetric tangential wind, radial wind,
temperature and mixing ratio were stored in data format for two
vortices:

One for deep TCs
One for shallow and medium depth TCs

(2) Tangential and radial winds are scaled based on radius of the
maximum wind, radius of the outermost closed 1sobar and the
maximum wind speed

(3) Surface pressure is derived from surface tangential wind based
on gradient wind balance

(4) Temperatures at different levels are scaled by an empirical factor

(5) The mixing ratio i1s modified based on the scaled temperature
under the constraint that relative humidity doesn’ t change.
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HWREF Stored Vortices

Deep TC Tangential Wind (1) EERSIFTHLe

50 50

200 200
= =
£ 0 £ w0
= 2
2 600 2 600
£ £

800 800

(ms™)
1000 - . | . 1000 -
800 600 400 200 O 200 400 600 800 800 600 400 200 0 200 400 600 800
Radial Distance (km) Radial Distance (km)
Temperature (7)

50 0

200 200
~ 400 _
s S 400
g =)
(&) ()
g5 600 5 600
2 2
ot ot
& 800 £ 900

1000 1000+ ‘ . . (K)

800 600 400 200 O 200 400 600 800 800 600 400 200 0 200 400 600 800

Radial Distance (km) Radial Distance (km)

14



HWREF Stored Vortices

Deep TC Radial Wind (v) Shallow TC
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Pressure (hPa)
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Vortex Size and Intensity Corrections in HWRF

Vortex size correction:

bogus—vortex \2
I_corrected—vortex — arbogus—vortex ﬁ(lﬂ )
2
Rcorrected—vortex é RObS
max max
= o, f
Rcorrected—vortex A RObS
out T out
Vortex intensity correction:
1 corrected - vortex — ,y 1 bogus—vortex
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|4 = YV
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max max
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Proposed and Completed Modifications to
HWRF Vortex Initialization

1. Raise the model top to 10 hPa (same as NCEP GFS) \/

2. Remove the GFS hurricane component at different model levels
within the the boundary (e.g., size) of the vortex based on the \/
disturbance field (%) at the same level instead of 850 hPa.

3. Replace the symmetric HWRF vortices with the following two
candidates:

(a) Dropsonde-derived composite structures on going
(b) Axisymmetric model (Rotunno and Emanuel, 1987)

4. Include the asymmetric component using the GFDL method, 1.¢.,
integration of a barotropic model. \/
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Relative Vorticity and Wind Distributions
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Symmetric Asymmetric Bogus Vortex
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Outline

* Improved Tropical Storm Forecasts with GOES-13/15
Imager Radiance Assimilation and Asymmetric Vortex
Initialization in HWRF
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HWREF System and Improvements

*In 2011 and 2012 version of HWRF system, most of satellite
data are not assimilated in HWREF analysis process due to
mixed impacts on hurricane track and intensity forecasts

* Model top 1n 2011-2013 versions of HWREF i1s too low for
assimilation of upper-level channels

* Cold start (background fields are not the HWRF 6-h forecasts

* Analyses show GSI quality controls for satellite water vapor
sounding data are problematic (lots of bad data sneak into the
analysis process)
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Cost Function

1 T v —1 1 obs \T -1 obs
J(X)=5(X—Xb) B (X—Xb)+5(H(X)—y ) (O+F) (Hx)—y™)

J(x,)=minJ(x) VXxnearXx,

x —analysis variable y”” — observations

x — final analysis O —observation error covariance

x, — background H — observation operator

B — background error covariance F  — forward model error covariance

* NCEP GSI 3D-Var Data Assimilation System

* Hurricane Weather Research Forecast (HWRF) System




Three Challenging Areas for Satellite Data Assimilation

1. Bias Correction

* [nstrument bias
= Air mass dependent bias

2. Quality Control

= Erroneous data
" RTM errors

3. Data Thinning

= Spatially correlated data
= Spectrally correlated channels
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Quality Control for Imager Channel 3
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Quality Control for Imager Channel 5
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Changes in Geopotetial Analysis Introduced by
GOES-13/15 Radiance Assimilation
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Track Forecasts of Tropical Storm Debby (2012)
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Track Errors
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The positive impact of GOES radiance assimilation on track forecasts is much more
significant when an asymmetric vortex initialization is incorporated into HWREF.



Under what environments was Debby?

Geopotential and Wind Vector at 500 hPa
Asymmetric Vortex +GOES Experiment
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Geopotential and Wind Vector at 500 hPa
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The Objective Regional Cloud Mask (ORCM) Algorithm

CM Test Condition for cloudy pixels for GOES Radiance
GROSST I, . Assimilation
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Threshold Optimization
N|:Gdr m];clr(g):I+N|:Gcld m];cld(g)}

maximize [ (€)=

N(T]
subject to :
Nl G m];cld(g)
fiCONI(g) = [N[];cld(g)] :| s,
Nl G mTiclal(g)
fiCONz(g) _ |: N[Gdr} :| <a,

ce |:glower’ gupper:l

= fPCT(e) is PCT based on the result of GROSST.

= fCONI(e) describes the percentage of cloudy pixels identified by the it" CM test
that were initially flagged as clear-sky pixels by GROSST 1n the first-guess CM

= fCON2(o) represents the percentage of clear-sky pixels in the first-guess CM

that are identified as cloudy by the i CM test .



Comparison with MODIS CM Results

= PData and Resolution

v' Remapped MODIS cloud mask: = 4 km

v' Remapped GOES pixel is cloud if more than 90% of
1-km high-resolution MODIS pixels are cloudy

v' Remapped GOES pixel is cloud if more than 90% of
1-km high-resolution MODIS pixels are clear with
high-confidence

= Collocation Criteria
v' Spatial separation: <2 km

v" Temporal difference: < 15 minutes

MOD35 L2 1-km pixel is mapped to the nearest GOES imager pixel
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A Case with Large Cloudy Areas

0740UTC, May 23, 2008
GOES Imager CM MODIS CM
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A Case with Isolated Clouds over Ocean

1530UTC, May 23, 200
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A Case with Congested Clouds and Isolated Clouds
0415UTC, May 22, 2008
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Summary and Conclusions

* Adding GOES-13/15 radiance assimilation in HWRF system
improved track prediction of tropical storm Debby (2012)

* Incorporating an asymmetric bogus vortex allowed GOES-13/15
radiance assimilation to make more positive impacts on track
prediction

Future Work

* Improve GOES radiance error estimate and/or QC

* Incorporate a newly developed objective regional cloud mask
algorithm (Zou and Da, 2014) into the HWRF system for high
resolution GOES radiance assimilation
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