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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.
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Research Topics

. Examine mechanisms driving intensity change
of Dennis (2005), Earl (2010) and lke (2008)
using WRF simulations & observations.

. Assess how dust in SAL acting as CCN impacts
TC intensity using ensemble of simulations.

. Using in-situ data to improve model
representations of hydrometeor SDs as
gamma functions

. Construct comprehensive set of space borne
microwave & radar data to examine role of
varying TC morphology on RI.
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Composites from 2-min output -> each CFAD created from 271 output times
0 < r <= 75 km
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Composites from 2-min output -> each CFAD created from 271 output times
0 < r <= 75 km
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Composites from 2-min output -> each CFAD created from 271 output times
0 < r <= 75 km
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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.


99t percentile VERTICAL VELOCITY Z=14 km
18Z8th

12Z8th
06Z8th
00Z8th
0" 18Z7th

-

i

|

|
:+|'

|

|

60 80 120 140 160 180 200
radius [annuli width = 10 km]



Presenter
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


Convective Updraft hydrometeor mass flux r<75km

20
18 I2.5
16
14 |2
£ 12 e
=10 |
D
£ 8 1
6
4 0.5
2 F4
0 x 10
15Z6th 00Z7th  12Z7th  00Z8th 1878th [kg s ]

Time

Increase in upward hydrometeor mass flux
at upper levels before RI
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WRF: Innermost 1° Diabatic Heating
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In high shear, convective bursts cover an order of magnitude less area than
deep convection, yet provide more net diabatic heating leading up to RI.

Burst: W, .., =5 m st from 700 - 300 hPa; Rogers (2010)
Precipitation Type: Steiner et al. (1995)
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SIMILAR DOMAIN SETUP TO DENNIS SIMULATIONS, EXTEPT USING WSM 6 MICROPHYSICS
Ike’s diabatic heating is primarily by deep convection and stratiform precipitation at 7 km leading up to RI, with a contribution from convective bursts as well.
Earl’s diabatic heating is primarily via convective bursts and deep convection at 7 km leading up to RI, aided somewhat by stratiform precipitation.
These figures are not area-weighted however, and the small fractional coverage of convective bursts (order of magnitude less than convective or stratiform classes) must be considered in conjunction with their strong heating contribution.


WRF: Innermost 1° Vorticity Tendency
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In low shear at low-levels, stretching is the primary contributor leading
up to RI, with tilting also contributing later in the RI cycle.

In high shear at low-levels, stretching and tilting contribute nearly the

same amount preceding RI, with stretching eventually dominating.
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For Ike at low-levels the primary driver of spin-up preceding RI is stretching, with tilting contributing later during RI.
For Earl at low-levels the primary drivers are stretching and tilting and unison, with stretching being the primary driver following onset of RI.
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by non-linear amplification of noise associated with
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Evolution of Danielle, Earl; and Fiona (2010)

23 August 2010 (700 hPa wind, AOD, 24-hr rainfall)
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=
Evolution of Danielle, Earl; and Fiona (2010)

25 August 2010 (700 hPa wind, AOD, 24-hr rainfall) Orange
coloring
denotes 24
hour TRMM
rainfall
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Evolution of Danielle, Earl; and Fiona (2010)

28 August 2010 (700 hPa wind, AOD, 24-hr rainfall)
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=
Evolution of Danielle, Earl, and Fiona (2010)

01 September 2010 (700 hPa wind, AOD, 24-hr rainfall) = Qrange
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Cloud Microphysics Affects TC Intensity

Different size distributions (SDs) and
fall velocities

~

Different process rates

Process examples:

riming evaporation
aggregation melting
sublimation collection of different species

—~

Affect spatial distribution of latent
heating

—~.

Can affect TC intensity

« Gamma functions N(D) = N,D* e*P are used to represent SDs

How do N, n and A vary with environmental/cloud conditions,
and how accurately can they be determined?
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o How can operational passive microwave imagery help in observing,
understanding and predicting Rl processes and pathways?

Tool: WRF + Nagoya/Goddard Satellite Data Simulator Unit

Earl | 6 h prior to RI | Ike Use simulations as prototypes for
development of Rl prediction
algorithms, understand processes
during Rl going on in the model, and
compare against FC, satellite
observations

Earl

100

150 200
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Earl — Gradual deepening, Ike — Rapid deepening +18-24 h
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Left side: example of SDSU simulation output showing GPM radar and radiometer frequencies 6 h prior to RI in Earl and Ike.  We have 10 minute time resolution output for these and more simulated output which will allow us to examine the model dynamics and remote sensing proxies together.  Here you can see on the top two panels the 2 and 7 km reflectivities at 14 and 35 GHz, showing deep, intense convection (with an intense scattering signature at 89 and 36 GHz) on the south side of the eye in Earl, along with some “shallow warm rain” that shows up as an emission signature in the 36 GHz brightness temperatures.  In Ike, more modest deep convection and stratiform rain dominates.
Right side:  Here, time series of 89 GHz (top) and 36 GHz (bottom) relative to RI onset is shown, showing dramatically different time evolution of these scattering signatures relative to spinup.  Earl has intense ice scattering 18-0 h prior to RI, whereas Ike has modest convection prior to RI onset, more intense scattering 18-24 h following RI onset (coincident with most rapid spinup – Ike was a late bloomer in the model).
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The power of the WRF+SDSU framework is that we can examine model dynamics and remote sensing proxies together.

Left:  We calculated integrated latent heating at 7 and 12 km, showing the strong mid-level heating prior to RI, associated with enhanced convective burst activity according to 3 definitions of bursts.
Right: Examining model dynamical parameters as a function of time relative to RI is shown on the plot at right.  Here we examine two commonly used RI remote sensing diagnostics, mean and standard deviation of 89 PCT.  Here we see strong relationships between many of these variables, but there are regimes that appear in time which indicate life cycle stages in the storm.  In Earl, there is a distinct period prior to RI with strong convection producing copious latent heating with relatively modest median PCT values (due to asymmetry) – while at this time large values of the standard deviation of 89 PCT indicate asymmetric intensification.
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Left: In Ike, the “late bloomer” RI is associated with maximal latent heating and burst activity in the simulation.  Prior to RI, there is relatively less heating and burst activity, and the convection is modest and is relatively symmetric.  Following 18 h past RI, the convection becomes more intense in the median and asymmetric as indicated by the standard deviation.
With further investigation, the strong relationships in these variables, along with comparisons with high temporal remote sensing observations from GRIP + HS3 will help us improve process understanding and remote sensing techniques for intensity change prediction.


Summary

WRF simulations of Dennis, Earl and lke showing mid-level
increases in vertical velocity outliers and hydrometeor
upward fluxes are precursors to Rl

— Next step is to compare against GRIP+HS3 observations
Techniques for understanding uncertainties in gamma
parameters derived from in-situ data available

— Next step is to apply to GRIP in-situ data
Increases in CCN appear to weaken TC from idealized
simulation

— Next case is to simulate Earl and evaluate against observations

Necessary to examine causes of Rl as function of shear

— Look for consistencies between model & 2010/2012-14
observations
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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
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Probes

Meteorological Measurement
System (MMS)

Cloud, Aerosol, and Precipitation Spectrometer (CAPS)
* Cloud and Aerosol Spectrometer (CAS)
* Cloud Imaging Probe (CIP)

e
~

| Tsfast ||

| Measures Temperature
= & Vertical Velocity

CIP Measures 2-D particles
with diameters: 25 to 1600 um

Precipitation Imaging Probe (PIP)

Measures 2-D particles with
diameters: 100 um to ~10 mm

Composite Size Distribution:
CIP: 125 <D <1000 pum
PIP: D > 1000 um
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Describe Probes:
CIP
PIP
CVI
MMS
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“ Conclusions from WRF simulations

e Qutliers of w better indicator 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)
increase only after onset of and during RI

 Immediately prior to Rl, increase in upward hydrometeor
mass flux for 10 < z < 15 km

— Levels with z < 1.5 km make big contributions to air mass updraft
flux, but this does not seem to be precursor to Rl

* Vertical velocities in 90-99.99t" percentile have minimal
effect on aggregate latent heating

— Latent heating dominated by w <2 m s
e Necessary to examine causes of Rl as function of shear
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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
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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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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
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