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Background

Two TC spin-up mechanisms (Smith et al. 2009)

1. Balanced dynamics

a.  Radial convergence of absolute angular momentum above BL (conserved)
b.  Explains expansion of tangential wind field

2. Unbalanced dynamics

a. Radial convergence of absolute angular momentum within BL (not conserved)
b. Most important at small radii
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Figure from Huang et al. 2012
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Unbalanced BL dynamics quantitatively important
for contraction of secondary eyewall
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* The degree to which winds
exceed gradient balance in
observations is still unresolved.
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* Operational models should 1000
include BL processes to improve
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Methods



Methods

* QObservations Used * Observation Limitations
— Airborne Doppler radar — Far from land
— GPS Dropsondes — Extreme conditions
— Flight level in situ — Sea clutter/sea spray
— SFMR (in the future) — Attenuation

— Large spatial extent

 SAMURAI (Spline Analysis at
Mesoscale Utilizing Radar and Aircraft

Instrumentation)

— Spline-based 3-D variational analysis
technique

— Analysis in cylindrical coordinates
— Outputs most likely TC fields



Methods: Case 1

 WRF Simulated Hurricane Rita (2005)

— 84 hrs, quadruply nested to 666.7 m
— Flew airborne Doppler radar through simulation

(N-S straight line), 1.5 km height, point beam, no noise, flat surface
— SAMURAI

— Compared to model “truth” field .g




Methods

* Real Hurricane Rita 9/22 18
UTC observations from
RAINEX

— Automated Radar QC in Soloii
— SAMURAI

Test 1 (NOAA P3 radar)
Test 2 (NOAA P3 all observations)

Truth (ELDORA and NOAA P3 all
observations)

Case 2
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Results



Case 1: Wind Analysis Results

Control run — only simulated radar observations put into SAMURAI

Synthetic Radar Retrieved Winds

Radius (km)



Case 1: Wind Analysis Results

Dtheta (degrees) Radar Dropsondes (km) Flight-level Error (m/s)
5110 | 15| 20 | 25 (Synthetic| 1 | 2 [ 4 | 6 8 1.5km |RMSEV |[RMSE U
X X 2.72 1.46
X X 4.31 1.74
X X 8.14 2.31
X X 12.37 3.37
X X 18.42 5.48
X X X 241 0.96
X X X 2.36 0.86
X X X 2.34 0.93
X X X 2.34 1.03
X X X 2.40 1.10
X X 2.35 1.39
X X X X 2.31 0.93

Dropsondes can provide valuable information to help constrain the under-
resolved along- track radar-derived winds (Hildebrand et al. 1996)

No significant differences were found for the dropsonde data at different
spatial resolutions — this should be different for thermodynamic retrieval
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Case 1: Simulated Airborne Radar Observations

Tangential Wind RMSE v, Height
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Tangential Wind RMSE v, Height
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Case 2: Wind Analysis Results

(a) NOAA Radar Retrieved Winds
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Height (km)

Case 2: Pressure Gradient

Dropsonde Trajectories

* Pressure Gradient was
retrieved from dropsondes
and flight level in situ
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Case 2: Supergradient Wind
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Limitations

* SAMURAI:

— Unconstrained in data sparse regions but using a high filter eliminates
small-scale detail

— Recursive filter length scale: 6 km (radial), 300 m (vertical)

e Rita Observations:
— Radar only retrieves wind where there is precipitation
— Dropsonde distribution



Conclusions

* This technique can produce reasonable results with radar-
derived winds alone, but incorporating multiple in situ
measurements adds significant value

— Mean wind errorsof 1 -2 m/s
— 6% for Vand 26% for U

* Preliminary Findings with Synthetic Dataset:

— Analysis azimuthal width results suggests a trade-off between
azimuthal spatial resolution and wind accuracy

— Flight-level data adds value to tangential (V) and radial (U) winds
— Dropsondes add additional value

— V errors are reasonable below 300 m, U down to 500 m



Conclusions

Initial results show wind may be supergradient in Rita’s
secondary eyewall
— Must complete pressure gradient error analysis

— Additional uncertainty analysis using aircraft legs in different storm quadrants
and at different times will help to improve error statistics
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SAMURAI: Appendix B

Uses an incremental form of the variational cost function that avoids the
inversion of the background error covariance matrix by using a control
variable x”, similar to the forms in Barker et al. (2004, Eqg. 2) and Gao et al.
(2004, Eq. 7):

J(X")=1x"Tx" + 1(HCx" - d)T R-1(HCx" - d)
The cost function is minimized using a conjugate gradient algorithm (Polak
1971; Press et al. 2002) to find the atmospheric state where the gradient
with respect tox’is:

VIJ(x") = (I + CT HT R-1HC)x" = CT HT R-1d
A large background error standard deviation has the detrimental side
effect of making the spline analysis unconstrained in data-poor regions

The mean tropical sounding from Jordan (1958) was used as the reference
state

Bell et al. 2012 (I1)



BL Definition

* From Smith et al. (2009)

* Shallow layer of strong inflow near the surface
— 500 — 1000m thick

— Caused by friction with the sea surface
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Observations from GPS Dropsondes in Hurricane Mitch
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(Kepert, 2006)
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