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Presenter
Presentation Notes
image taken by astronaut while orbiting the earth
Even though the hurricane had just attained Category 3 intensity, the eye had not yet cleared. This high-oblique, panoramic view, taken through a 28mm lens at 21:14:00 gmt (07 July 2005), is looking southwest.
Camera Tilt: High Oblique�Camera Focal Length: 28mm�Camera: E4: Kodak DCS760C Electronic Still Camera�Film: 3060E : 3060 x 2036 pixel CCD, RGBG array.
Spacecraft Altitude: 190 nautical miles (352 km)
Troposphere: 0 – 11 km
Stratosphere: 11 – 47 km
Mesosphere: 47 – 85 km
Thermosphere: > 85 km (so, we’re ~267 km into the thermosphere, ~292 km into the ionosphere)


Research Topics

1. Simulate Hurricane Dennis to examine

mechanisms driving updraft and downdraft
evolution.

2. Simulate how dust in SAL acting as CCN
Impacts TC intensity.

3. Construct comprehensive set of space borne
microwave & radar data to examine role of
varying TC morphology on rapid
intensification.
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Presentation Notes
Onset 1st 24-h deepening <= -42 hPa (Holliday and Thompson 1979, MWR) = 13:10Z 07 July 2005
Onset latest 24-h deepening <= -42 hPa (Holliday and Thompson 1979, MWR) = 15:50Z 07 July 2005, 8 RI events total
Maximum >= 24-h period (10-min res) deepening rate = -1.7917 hPa h^(-1), over 24 h 0 m, starting 15:30Z 07 July 2005 [-43 hPa]
Maximum >= 6-h period (10-min res) deepening rate = -3.1667 hPa h^(-1), over 6 h 0 m, starting 01:00Z 08 July 2005 [-19 hPa]
Maximum >= 3-h period (10-min res) deepening rate = -3.6000 hPa h^(-1), over 3 h 20 m, starting 03:20Z 08 July 2005 [-12 hPa]
Shortest period during which deepening <= -42 hPa = 23 h 0 m following 16:30Z 07 July 2005 [-42 hPa]
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Presentation Notes
-28 hPa 48 h from 00Z6th – 00Z8th [-0.583 hPa h^(-1)]; -30 hPa 12 h from 00Z8th – 12Z8th [-2.5 hPa h^(-1)]
Onset 1st 24-h deepening <= -42 hPa (Holliday and Thompson 1979, MWR) = 13:10Z 07 July 2005
Onset latest 24-h deepening <= -42 hPa (Holliday and Thompson 1979, MWR) = 15:50Z 07 July 2005, 8 RI events total
Maximum >= 24-h period (10-min res) deepening rate = -1.7917 hPa h^(-1), over 24 h 0 m, starting 15:30Z 07 July 2005 [-43 hPa]
Maximum >= 6-h period (10-min res) deepening rate = -3.1667 hPa h^(-1), over 6 h 0 m, starting 01:00Z 08 July 2005 [-19 hPa]
Maximum >= 3-h period (10-min res) deepening rate = -3.6000 hPa h^(-1), over 3 h 20 m, starting 03:20Z 08 July 2005 [-12 hPa]
Shortest period during which deepening <= -42 hPa = 23 h 0 m following 16:30Z 07 July 2005 [-42 hPa]
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Presentation Notes
EDOP is 3-cm
Minimum detectable reflecitivity for EDOP is -5 dBZ
Radar and model vertical spacings are different
Undersampling of iosolated, strongest convection

 Comparison with this CCFAD from EDOP shows overprediction of percentile (e.g., 99.9th) Z, especially above the melting level
No broadening with height
 High bias may be a consequence of erroneous source term for rainwater mixing ratio by the collection of graupel in the WRFV3.0.1 Thompson scheme, corrected in later releases, and comparatively limited EDOP sampling
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Presentation Notes
85 GHz brightness temperature sensitive to radiation scattering by precip-sized ice hydrometeors (Spencer et al. 1994)
Strong updrafts lofting large graupel/ice particles to levels where the 85 GHz weighting function peaks in convection (8-10 km)
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Presentation Notes
Composites from 2-min output -> each CFAD created from 271 output times
0 < r <= 75 km
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Presentation Notes
Earlier times correspond to times before organized into tropical storm
Increase in outliers to 20 m/s near the eye of the TC occurred at same time or after RI; outliers started to converge towards the center only once rapid intensification had occurred.
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Presentation Notes
However, outliers at 14 km proceeded the time period of rapid intensification; outliers at 14 km started to converge towards the center before rapid intensification
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Presentation Notes
avg 0 < r < 75 K temperature -40C @ z = ~11.2 km; trends seen are same with outliers at 14 km leading rapid intensification, while outliers at 6 km only occur at the same time as rapid intensification
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Presenter
Presentation Notes
Average velocity also shows increase at 14 km before rapid intensification, but there is also an increase in average velocity after the time period of rapid intensification; still increases in 6 km vertical velocity during and after RI but not before; analysis of other outliers shows similar trend


Dennis Conclusions

e Outlier (e.g., 99.9t percentile) w better indicators of
Rl than averages
— Precursor to Rl at upper levels (e.g., 14 km)
— Continual broadening and convergence toward TC center

e Outlier (e.g., 99.9t" percentile) w at lower levels (e.g.,
6 km), however, increase only after onset of and
during Rl

 Precursor w have unnoticeable impact on latent
heating

— Vertical structure
— Thresholds for definition


Presenter
Presentation Notes
Precursor to RI at upper levels = Continual broadening and convergence toward TC center of w distribution tail (i.e., 99.9th percentile)

Interpretation of RI on vastly different timescales – between observations and simulations, operations and reality – and from different perspectives – pressure v. wind speed
Forecast RI at 24-hour phenomena, but NOT necessarily! – relatively arbitrary definition


SAL Aerosql Influe_nce on TCs
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»/Zhang et al. (2007, 2009) suggested TCs
sensitive to variations in CCN concentration
» TC Intensity exhibited non-monotonic response
to increases in CCN concentration



ldealized RAMS 6.0 Simulations

» Vary initial vortex properties to understand
context of TC dependence on CCN

» 40 vertical levels, inner grid spacing of 2km

» Vary initial bubble temperature by £0.1 K or £
1.0K

» Examine effects of running simulations on
different nodes of local Linux cluster
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Simulations with Identical Initial
Conditions (Different Nodes)
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SAL Study Conclusions

» Sensitivity to changes In ICs < that due to
running on different computational nodes

» Computational differences eliminated by
running on single node =»identical
architectures needed for sensitivity results

» Future work will determine sensitivity to
varying CCN In context of variations in ICs In
other fields via ensemble series of simulations

» Sensitivity of location & timing of perturbations
to ICs will be determined



Remote sensing studies of dynamical & microphysical

processes in tropical cyclone intensification
(Stephen W. Nesbitt and Daniel S. Harnos)

 Key Questions:
— What are the critical precursors to TC intensification?

— How can we increase understanding and anticipation
of these precursors?

 To evaluate: 85 GHz passive microwave data
— Sensitive to ice scatter from convective precipitation

— Database constructed of every TC overpass from SSMI
(1987-2008) and TMI (1997-2008) globally

— Relatively high resolution (downscaled to 8 km, 15x13
at worst in native resolution)



Composite analysis reveals Rl systems are
fundamentally different

(b) Intensifying | B,
}#'”: 4 _.:'; -

85 PCT (K)
245 250 255 260 265 270 275 280 285 290

Harnos, D. S. and S. W. Nesbitt (2011),.

e Enhanced convective
signature for Rl systems
versus other
intensification statuses.

e Convection appears
largely axisymmetric

 Highest variability
constrained to interior of
this axisymmetric feature
— Secondary mode of Rl

possible, with axisymmetric
mode being dominant?


Presenter
Presentation Notes
-   Range rings:  ½ degree
-   Thick (thin) white contour:  20K (25K) standard deviation
Overpasses are in shear relative coordinates, with shear defined as the 200-800 km difference between 850 and 200 hPa flow from NCEP/NCAR reanalysis
Intensifying: < 30 and > 10 kt/24 hr; Steady state:  10 to -10 kt/24 hr; Weakening:  < 10 kt/24 hr (IBTrACS source of intensity information)


Rl sighal occurs in means, not extremes

(a) Shear < 10 kt (b) Shear = 10 kt
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Both high and low shear cases see intensification signal in

25-80t" percentiles from 6 hours before Rl through 18 hours
after

Overall vigor greater for high shear, although limited by
sample size.


Presenter
Presentation Notes
Cumulative density functions for 24 hours prior to (negative) and following (positive) RI onset (00).
Each overpass interpolated to nearest synoptic time for analysis.
Roughly 80-90% of all cases were low shear.
Intensification signal appears to occur about 6 hours prior to kinematic response – lag tied to latent heating?


Future Work
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Is axisymmetry valid?

Alternative non-convective
hypothesis have been
proposed (Haiyan Jiang, FIU)

High resolution WRF
simulations ongoing to
determine precipitation
processes taking place.

Collaboration with Steve
Durden and Simone Tanelli
(NASA — Ames) comparing
APR-2 data of the RI of Earl
and Karl to WRF simulations

Harnos, D. S. and S. W. Nesbitt (2011), Convective structure in rapidly
Intensifying tropical cyclones as depicted by passive microwave

measurements, Geophys. Res. Lett., 38, LO7805,
doi10 1029/2011GI1 047010
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Presentation Notes
Nguyen et. al study shows a number of modest intensity vortical hot towers in idealized study prior to RI that would not be resolvable by passive microwave, but produce similar axisymmetric appearance.
Alternative studies are looking to utilized 37 GHz in evaluation of the shallow, warm rain process role in RI (Haiyan Jiang talk later).
Undertaking idealized WRF simulations coupled with a radiative transfer model to evaluate what these satellites are actually viewing prior to RI.
1 km WRF simulations being run of the RI of Earl and Karl (2010) to compare to DC-8 data for high temporal and spatial resolution evaluation of RI.



WRF Conflguratlon
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Presentation Notes
Weather Research and Forecasting (WRF) Model
Advanced Research WRF (ARW) dynamical core 
3 nested, two-way interactive domains
d01-d03 initialized with GFDL/GFS fields and nudged every 3 hours to the non-PBL u & v
Boundary conditions for 
Innermost, 1-km nest follows vortex center
Thompson microphysics
 Kain-Fritsch convective parameterization on d01
 Yonsei PBL scheme w/ Cd & Ck TC modifications
 Dudhia SW; RRTM LW
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Kimball and Dougherty (2006, MWR)
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Presentation Notes
120 onsets of RI
Onset 1st 24-h 10-m wsp incr >= 30 knots (Kaplan and DeMaria 2003, MWR) = 03:10Z 06 July 2005 [+31 knots]
Onset latest 24-h 10-m wsp incr >= 30 knots (Kaplan and DeMaria 2003, MWR) = 16:50Z 07 July 2005 [+32 knots], 120 RI events total
Maximum 24-h 10-m wsp incr >= 30 knots (Kaplan and DeMaria 2003, MWR) = 08:50Z 07 July 2005 [+54 knots]
Maximum >= 24-h period (10-min res) 10-m wsp incr rate = +2.5660 knot h^(-1), over 26 h 30 m, starting 07:00Z 07 July 2005 [+68 knots]
Maximum >= 6-h period (10-min res) 10-m wsp incr rate = +6.0000 knot h^(-1), over 6 h 0 m, starting 03:30Z 08 July 2005 [+36 knots]
Maximum >= 3-h period (10-min res) 10-m wsp incr rate = +7.8947 knot h^(-1), over 3 h 10 m, starting 04:10Z 08 July 2005 [+25 knots]
Shortest period during which 10-m wsp incr >= 30 knots is = 4 h 20 m following 05:10Z 08 July 2005 [+31 knots]
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Composites from 2-min output -> each CFAD created from 271 output times
0 < r <= 75 km
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Presentation Notes
Composites from 2-min output -> each CFAD created from 271 output times
0 < r <= 75 km


Reflectivity Comparison
Simulation NOAA P-3 Radar
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Presentation Notes
Rainband and developing eyewall reflectivity (Z) derived from simulation biased high compared with observed Z
 Need statistical analysis to assess generality of this statement



- WRF Simulations of Dennis

Examine distributions, magnitudes, vertical structures,
durations, proximities to vortex center of convective bursts &
trends as precursors to Rl
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Presentation Notes
Weather Research and Forecasting (WRF) Model
Advanced Research WRF (ARW) dynamical core 
3 nested, two-way interactive domains
d01-d03 initialized with GFDL/GFS fields and nudged every 3 hours to the non-PBL u & v
Boundary conditions for 
Innermost, 1-km nest follows vortex center
Thompson microphysics
 Kain-Fritsch convective parameterization on d01
 Yonsei PBL scheme w/ Cd & Ck TC modifications
 Dudhia SW; RRTM LW
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