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Impact of microphysical parameterizations on
the structure and intensity of simulated
hurricanes:

Using satellite data to determine the
parameterizations that produce most realistic

storms.
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B. Knosp, B. Lambrigtsen, P. Li,
E. Rodriguez, T.-P. Shen,B. Stiles, H. Su, J. Turk, Q. Vu

Jet Propulsion Laboratory, California Institute of Technology



s Motivation

* Need to improve hurricane forecast models

* |Inner-core dynamics are important - need to
properly reflect small scale complex processes
— high-resolution models
— realistic physical parameterizations




Motivation

* Focus on microphysics

— latent heating that accompanies the hydrometeor
production during the convective process strongly impacts

storm intensity and size
— Cloud radiative impact

Rain Intercept parameter, Nor, predicted in
a two-moment scheme (Morrison et al,

N\

diameter (D)

number (In Np)

™

250 -200




s How to Evaluate the Models MI=l®

In situ microphysical observations to distinguish between different
modeling approaches and improve on the most promising ones.

These point measurements cannot adequately reflect the space and
time correlations characteristic of the convective processes.

An alternative approach to evaluating microphysical assumptions is
to use multi-parameter remote sensing observations.

In doing so, we could compare modeled to retrieved geophysical
parameters. The satellite retrievals, however, carry their own
uncertainty.

To increase the fidelity of the evaluation results, we should
bring model and observations into a common analysis system

use instrument simulators to produce satellite observables from the
model fields and compare to the observed.

Improve model forecast through data assimilation that also uses the
instrument simulators




s Approach

* WRF high-resolution ensemble simulations
— Hurricane Rita (2005); GFDL initial/boundary
— Two microphysical schemes (WSM3 and WSM6)

— seven different Particle Size Distribution (PSD)

assumptions within one of the microphysical schemes
(WSM6)

* Simulation of radiometric signatures
— Radar Reflectivity and Attenuation
— Microwave Brightness Temperatures
— Surface Backscattering Cross-section

e Comparison to Observations

—TRMM-PR; TRMM-TMI; QuikSCAT




s Condensate - Azimuth Averages P =™
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vasa Brightness Temperature-85 GHz

WRF—Rita Domnain = 402x402 points;Date/Time: 2005-09-22-1500

4,50

WRF—Rita Domnain = 402x402 points;Date/Time: 2005-09-22-1500

M6-:00.22.

24.50

WRF—Rita Dornain = 402x402 pnin(s;Dcte/T\'me' 2005-08-22-1500 WRF—Rita Domain = 402x402 pu’mts‘Date/Time: 2005-09-22-1500
2 - L) .
& = ¥ L) >

Mmmmwmmmlmnmmmlmlml nnanmmM L T mmmM L nanmu
1o 4D, 170, 190, 210, 220 240, 240, 290. 2do. 3%0. 280, 240. 316, 380. 3%, 1dor 4D, 176, 190, 21, 220, 230, 240, 2%0. 260, 290. 280, 2d0. 316 S0, 390, 1o 140, 170, 190 21, 200, 230, 240. 280. 260, 2P0, 280, 240. 310 380, 3%0.

Resalutions 3.8x 9.1k TB_89_H [K]; Max/Min = 285.53/ 22.11; 3002222 Reaalution: 3.8 9. 1kem; TE_BO_H [K]; Mae/Min = 962.98/ 22.62; 300.80.60 Reaclution: 3.9x 8.1hm; TELBA_H [K]; Wiaw/Min = 28617/ 28.15; 300.400.200




TE_B5YV

TB_B5V

TE_85Y

300
290
280

260
250
240
230
220
210
200
190

130
120
10
100

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 205 300

B L) L LA AL Lk Riad k) L) ML LA LA LAk LM AL L L I ALA) R LA AL LAk Ll L B L L) LA LA ALY L L) k) L) AL I MR UL DM AL L) L AL EA) Rt LA AL Ak AL L L
2905 = =~ B 2905
280E- E - E 280E-
270E- - - - 270E-
2605 E =~ B 2605
250E- E - E 250E-
240 B - - 240
2305 = -~ = 2305
220E- E - 5 220E-
2105 2 - - 7 20F
2005 E 3 - - 3290 -
190E- 4 F - - = 190E
180 E- B - b 1805~
1705 = -~ = 1705
160E- E - - 160E- E
150 - E - b 150 - B
we M6-600.22.10 1 1 M6-400.22.10 3| =2 M6-300.22.10 ]
130E- . . E - . . E 130E- . . E
120E- E o E 120E- E
10E- = - = 10E- =
100Ew o b b b b b bl s b b b e 1 288 _SUTTTI FTTTL IR ENRTI A AT BTN AT ERTTY INARUNRET] RUTAIRURA FRTRU RNURINUATY STNRA RURTI SUUNUSTARA RRATA SUURAR Il 100Ew o b b b b b b s b b bl e b b b b b b bl

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 0175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 301

TE_19V , TE_19v y TE_19V
WRF—RITA; Resolution: 61.1x61.1Date/Time: 2005-09-22-1500 ' WRF—RITA; Resolution: 61.1x61.1Date,/Time: 2005-09-22-1500 ' WRF—RITA; Resolution: 61.1x61.1Date/Time: 2005-09-22-1500
007 =Ll LAARY L) Ll Ly LA RALL) LA LLLL) LAY LALA AR RLLL LAY LALAY L) RALLY Lty LLELY LLLL) ALK L) AL L LALL) L ALY LLLLY LALA LAAL) LA Ly bl LA MMM RALL Lt LA LA MARLY LLLLY LLALY LALL) LARA] LLLL) LLLLY LELL) AL RLL) L LALLI L B h = L L L L LR AL L] Ly LA LR LR L) LA LLLL) LR RAAL) L LLERY AL LAARI LA L) i RARI AL
290E- E - E 2905 E
2805 E - E 280E- E
270 b - E 270E- -
2605 B - E 2605 E
2505 E N E 250E- E
2405 E 3 E 240E- E
2305 = N = 2305 =
220 E - R 2205 E
210E- 2| ; - 5 20F B
200E- 59 L R ,
190E- - = — e Fo190E B
180 E L 4 180E- =
1706 E - E 170E- E
160E- E = 160E- E
150 - E - ] 150 E
e M6-300 i - M6-300.80.80 i
- -

1305 . E — . . 130 E
120E- E 2 120E- E
== = = 10E- =
100 Bl b bl bbb i bbbl bl 1008wl b o bbb ben loe bl o

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300
TE_19V /

TRMM—PR; Date/Time: 2005-03-22—1442

. TRMM-PR i

TB_8BY

z

WRF—RITA; Resolution: ﬁ!.lxéW.WDate/Time: 2005-09-22-1500

WRF-RITA; Resolution: 61.1x61.10ate/Time: 2005-09-22-1500
T T T T T T T T T T T T T T T T T T T T T T T

S EVETY FYETY FYUTY FETY FRRTY U1 FTT1 SUTTI FUUTE FRUTE RUTE FRTA PRTA FTUTY FYUTY STUTY FRATY RNU FTT1 FETT1 FUTT] FEUTE FRUTE FAOTL Py

TB_85V

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300

WRF-RITA; Resolution: 61.1x61.10ate/Time: 2005-09-22-1500
T T T I T T I T T I T T T T T T T

WRF-RITA; Resolution: 61.1x61.10ate/Time: 2005-09-22-1500
300 T T T T T T T T T T T T T T T T T T T T T T T

219

110
190 ™ _.
170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295
WRF—RITA; Resolution: 61.1x61.1Date/Time: 2005-09-22—-1500

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300
TB_19V 2

170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300

TE_19V




Poster # A41B-0086 - 2010 Fall AGU meeting - Hristova-Veleva et al. JPL

Storm Structure in Observations and N Hurricane Earl in the JPL GRIP portal
High-resolution Model Simulations (HWRFx) ———

Cycle 2010-08-31 00Z Cycle 2010-08-31 12Z September 1%, 2010; Hurricane Earl
it Ovighinewe Tompersture ) tor 248 [y oriohtness Tomperabire (] for 12§

Used the JPL GRIP
portal to identified a number
of cases to use for the
evaluation of different
hurricane forecasts.

. Focused on evaluating the
the Experimental version of
HWRF (HWRFX) in forecasting

hurricane Earl.

Cycle 2010-09-01_00Z
45H Brightness Temperature (K] for 240

0 In a previous study, used
the model forecast of the ther-
modynamic and hydrometeor
fields to forward simulate

satellite observables (HRD).
37GHz

. Compared the structure of
September 2", 2010; the observed and forecasted

e storms (from the brightness

temperatures at 37 and 89 GHz
channels). Found that the model
was highly capable in depicting
the 2D structure of the

37GHz precipitation field and its

evolution.




HWRFx STRUCTURE of Earl IPL

85/91 GHz H pol (sat. resolution) — 02 Sept. 2010
sl © Note that the realistic storm structure does not
develop until 12-18h into the forecast cycle

The realism decreases after the 42h forecast

The model has a very large eye and does not show
the observed eyewall replagement cycle

Observed
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NAsA MODE of the Reflectivity

Vertical Profile of the Reflectivity Distribution Mode
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Summary JOL

Assuming hydrometeor distributions with larger number of
smaller particles results in model simulations with radiometric
signatures that compare more closely to observations.

Intensity forecast is negatively impacted
— Does not mean we should go back to current assumptions
— Other physics might help

Will have impact on hurricane forecasting in two ways:

— providing guidance as to the optimal set of physical
parameterizations to be used

— improving the data assimilation outcome by designing model
forecasts whose radiometric signatures are close to the
observed ones, thus increasing the relative importance of
the observations during the assimilation.




JPL

wsa Summary

* Using instrument simulators and multiparameter
satellite observations we can discriminate
between WRF model simulations using different
microphysical assumptions.

* To facilitate the research we are developing the
TCIS (Tropical Cyclone Information System) as
part of the NASA TC-IDEAS

* http://tropicalcyclone.jpl.nasa.gov




Jet Propulsion Laboratory
California Institute of Technology

BRING THE UNIVERSE TO YOU:

"\ 11 ‘...eag‘., o
JPLTropicaliCy clorie Information System

P

Home Project

Feedback Data Portal

Welcome to the JPL Tropical Cyclone Information System

The JPL Tropical Cyclone Information System
(TCIS) brings together satellite and in situ data
sets from various sources to help you find
information for a particular tropical cyclone over the
world ocean. Currently, we have populated the
entire 2005 and we will add data from other years in
the future. We hope that you will find our analysis
tools useful for your studies to improve hurricane
models and plan future satellite missions with a
particular focus on tropical cyclones.

Supertyphoon Pongsona stuck the U.S. Islend of Guam on Sunday, December 8, 2002. The
composite image (eft) of the supertyphoon was made by overdaying data from the infrared, microwave,
and visible hear-infrared sensors that make up the AIRS sounding system. This storm can also be seen

standard AIRS VisNIR (ight).

Tropical Cyclone Data Portal Data Analysis Tool

Here you can search for specific storms in 2005 and directly This tool will let you analyze data associated with a storm. You
access data and plots associated with that storm. can plot histograms, maps, and profiles for many different data

wass 2%t Propulsion Laboratory

sets and products.

NesA Jn‘P:m!sion L‘n‘bovaloty
alforn schnlogy




Tropical Cyclone - Integrated Data Exchange and Analysis System -_

(TC-IDEAS) — being developed as Part of the HSRP

Joint NASA Jet Propulsion Lab and Marshall Space Flight Center Project

_The JPL TCIS

@ sefect Year 2005 | | Tropical Cyclone Emily | GetTracks
@ East Pacific

# West Pacific

& North Indian

& North Atlantic

Tropical Cyclone
Emily

@ South Indian

& South Pacific

Imagery €2009 TerraMetrics, NASA, Data SIO, NOAA, U.S. Navy, NGA, GEBCO - Terms of Use

Select by basin, name, or category with
corresponding data availability timelines

Objective: To provide fusion of multi-
parameter hurricane observations
(satellite, airborne and in-situ) and model
simulations with the purpose of:

— supporting both research and field
campaigns

— understanding the physical processes

— improving hurricane forecast by facilitating
model validation and data assimilation

— enabling the development of new
algorithms, sensors and missions.
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Analysis Tools — CURRENT STATUS
Single Parameter Statistics

Jet Propulsion Laboratory

California Institute of Technology
BRING THE UNIVERSE TO YOU:

Tropical Cyclone Information System - Analysis Tool
Storm Product File

N(}';\_.' Jet Propulsion Laboratory
California Institute of Technology

BRING THE UNIVERSE TO YOU:

Tropical Cyclone Information System - Analysis Tool
Storm Product File
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Analysis Tools — COMING UP

Data subsetting and aggregation
Convective/Stratiform separation

EOFs CFADs

Incorporating Instrument simulators

developed under ISSARS (Pl Simone Tanelli) -
“Instrument Simulator Suite for Atmospheric
Remote Sensing from Spaceborne Platforms”
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funded by NASA’s
Hurricane Science
Research Program

http://tropicalcyclone.jplaasa.goy
TOPICAL COYCLONE DATA

IMPROVEMENTS

* Using instrument
simulators and
multiparameter satellite
observations we can
discriminate between model
forecasts using different
microphysical assumptions.

» Will have impact in two ways:

increasing the relative importance of
the observa-tions during the
assimilation.

in the uncertainty of satellite
retrievals of precipitation
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N@S 31 - microphysics 3; convective scheme 1 61 - micro. 6; conv.1 81 - micro. 8; conv. 1

32 - microphysics 3; convective scheme 2 62 - micro. 6; conv. 2 82 - micro. 8; conv. 2
33 - microphysics 3; convective scheme 3 63 - micro. 6; conv.3 83 - micro. 8; conv. 3

)

WRF—Rita; Resolution: 1.3kmj; Fields from =dQG3; MicroPhys3; cpl; pbll; 112cpu

[{ » - -~ e :

TR ~~~~~~B'iest~Trac e ..... ;

-

WRF- 15t of initial conditiofns

A S .

m 'Im m
g1 gl1g B 7 *6" 985 94""9'}'3"'[9&2 291 OLD

Color coded by Pressure




A,

|

""""""""" %“Best'Trac;k"’ """"""" """"""""" e S """"""""" e T3 @ e N

EI‘L} S!Q g!B g!? L*GI r 9!5 9!4' i I9+3| i IQ&Z 9!1 lOLD

Color coded by Pressure






