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Guam 

Rota 

Tinian 



 

Gasoline storage 

tanks on fire. 

(Lightning ??) 

TRMM 85 GHz 

0422 UTC 08 Dec 2002 



• (Left) Broken glass door at the Guam Memorial Hospital.  (Right) Dislodged 

internal wall in the pediatrics ward of the Guam Memorial Hospital.  

Assessment authors Chip Guard, Art Chiu, and Mark Lander appear from left 

to right. 



               APPLICATIONS 

  *TC POSITION 

  *TC INTENSITY 

  * TC WIND DISTRIBUTION 
 

Applications of Microwave Imagery for  

Tropical Cyclone Diagnostics 

TRMM 85 GHz



               Remote Sensing Resources 

  *Defense Meteorological Satellite 

Program (DMSP): Special Sensor 

Microwave/Imager (SSM/I) 

  *Tropical Rainfall Measurement 

Mission (TRMM):  Active and Passive 

Microwave 

  * Quikscat: Active radar 

  * AMSR-E: Passive Microwave 
 

Applications of Microwave Imagery for  

Tropical Cyclone Diagnostics 

TRMM 85 GHz
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The Sensors of TRMM Satellite 

TMI: TRMM Microwave Imager * 
Conical-scanning imager, 9 channels between 10-85 GHz, similar to SSM/I 
 
PR: Precipitation Radar * 
First spaceborne radar, 13.8 GHz, incoherent, electronically scanning 
 
VIRS: Visible and Infrared Scanner * 
Cross-track imager with 2-km resolution, similar to NOAA AVHRR 
 
LIS: Lightning Imaging Sensor 

+ 

600 x 600 km staring imager optimized to locate lightning flashes 
 
CERES: Clouds and the Earth's Radiant Energy System 

+ 

Broadband radiance measurements, also on EOS (Terra and Aqua) 
 
* TMI, PR and VIRS data subsets are distributed in near-realtime via TSDIS 

(TRMM Science Data and Information Service) 
 
+ 

CERES and LIS are designated as EOS instruments 

 



 

TMI (TRMM Microwave Imager) 

•  Passive microwave sensor designed to provide 

quantitative rainfall information. 

•  Swath : 780 km 

TMI Observation Characteristics 

Center Freq. 

(GHz) 
Polarization 

Perpendicular to 

scan direction 

(km) 

Scan direction 

(km) 

10.65 V,H 63.2 36.8 

19.35 V,H 30.4 18.4 

21.3 V 27.2 18.4 

37.0 V,H 16.0 9.2 

85.5 V,H 7.2 4.6 

Extensive use in subjective TC diagnostics 



TRMM 

85 GHz 

Horizontal 

Polarization 
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TRMM 

37 GHz 

Horizontal 

Polarization 



 

Inbound

Outbound

Quikscat 

Normalized Radar Cross 

Section (NRCS) 



 

Quikscat 

Wind Vectors 



 

Quikscat 

Ambiguities 



WINDS 

 



AMBIGUITIES 

 



 
AMSR-E 

89 GHz 

Horizontal 

Polarization 



 
AMSR-E 

36 GHz 

Vertical 

Polarization 



 
AMSR-E 

89 GHz 

Horizontal 

Polarization 



PROPERTIES OF 

MICROWAVE IMAGERY: 

• 85 GHz 

THINGS THAT APPEAR COLD: 

    -   Sea Surface and High portions of deep 

convection with where there are large ice 

phase precip (e.g., snow) 

THINGS THAT APPEAR WARM: 

    -  Land and Low-cloud fields 



 

Clear areas over the 

 ocean appear cold 

Areas of low-level 

Moisture and low cloud 

Lines appear warmer 

COLDEST OF ALL: 

PORTION of DEEP 

CONVECTION WITH 

DENSE ICE-Phase 

Particles. 



PROPERTIES OF 

MICROWAVE IMAGERY: 

• 37 GHz 

THINGS THAT APPEAR COLD: 

    -   Sea Surface, but not deep convection: 37 
GHz signal largely passes through ice 
(except when exceptionally dense). 

THINGS THAT APPEAR WARM: 

    -  Land and rain at low level (rain very 
warm versus 85 GHz). 

 



 

Low Clouds 

Are Warm 

VERY DEEP  

CONVECTIVE  

CLOUD APPEARS 

COLD (RARE) 



 

Warmest: Low-clouds 

With rain 

COLDEST:  Portion 

Of Deep Convection 

With dense large ice- 

Phase hydrometeors 

(e.g., snow and graupel) Ocean Appears Cold 



 
Cold: Ocean 

Warm: low-cloud  

Rain areas 

NOTE: Eye is smaller 

In 37 GHz low-level 

Rain depiction VS 85 GHz 

Warmest: low-level 

Rain w/ no ice above 

Not Quite as Warm: 

Low-level rain w/ ice 

above 



 
Surface water 

(COLD) 

Land (WARMEST) 

Ocean 

(COLDEST) 

SSMI 37H 



 

SSMI 85H 
Land (WARMEST) 

Dry, clear atmosphere 

over ocean (COLD) 

Surface water 

(COLD) 



TMI 85H 



 

PARMA 

SSMI 85H 



 

NOTE: Eye wall 

thickest on west side 



 

NOTE:  Eye wall thickest 

on east side (attenuation  

and cold emission by 

dense ice phase on west 

side) 

EYE smaller 

on 37 GHz 



 

TY Parma 12 UTC 26 OCT 2003 



 

FAKE EYE 

CENTER 



 
POSIT:  ~24 N  168 E  0952 UTC 

JTWC POSIT 

26 06Z:  24.2 N  169.6 E 

26 12Z:  22.7 N  168.5 E 

X 

A RULE:  CENTER CAN NOT BE IN RAIN! 



BIT-OFF ON FAKE EYE ?? 

 



 



 

NOT A HOLE, 

But Deep Convective  

Tower 



International Conference on Storms 

Brisbane, Australia  

(5-9 July 2004) 

Problem Areas: 

  *Diagnostics (Current and Past Information) 

  - Position, Intensity, Wind Distribution, 

           Motion, Rainfall … 

  *Forecasts (Future Behavior) 

  - Track, Intensity, Wind Distribution, 

     Rainfall … 



TC INTENSITY FORECASTING 

   

   Not much improvement over past 30 
years ! 

     

   Diagnostic information even has 
problems ! 

    

International Conference on Storms 

Brisbane, Australia  

(5-9 July 2004) 



 

INTENSITY FORECASTS WAY 

TOO LOW! 

TY Parma 

FCST from 18Z 

21 October 

INTENSIFIED TO 130 kt !! 



INTENSITY FORECASTS 

WAY TOO HIGH !! 

Hurricane Patricia 

Fcst from 00Z 22 OCT 

WEAKENED TO 45 kt !! 



 

 

   GOES/GMS: VIS, IR (1,2), WV 6.7µm 

 

   DMSP:  SSM/I   Passive 

         19 GHz, 22 GHz, 37 GHz, 85 GHz 

 

  TRMM: TMI   Passive and Active PR 

          10.7 GHz, 19 GHz, …. 

DIAGNOSIS OF TC INTENSITY 



TC INTENSITY 

DIAGNOSIS 

DVORAK (1975)  VIS TECHNIQUES  2-5a 

DVORAK (1984)  EIR TECHNIQUES  2-4b 

    accuracy:  5-7 m s-1  

Good for the past 30 yrs 

 

DVORAK ANALYSIS YIELDS 24-HR 

FORECAST !!!! 

 



VIS, IR IMAGERY:  USE DVORAK TO 

GET POSITION* AND INTENSITY. 

 

*Dvorak not a positioning technique, but does 

give some pointers. 

DIAGNOSIS OF TC INTENSITY 



WHAT ABOUT MICROWAVE IMAGERY? 

SSMI, TRMM, AMSU, QUIKSCAT ??? 

 

POSITION AND INTENSITY 

DIAGNOSIS OF TC INTENSITY 



TC INTENSITY FROM  

MICROWAVE IMAGERY 

Category: PLC  ELC  CLC  WCB  SCB  PEW  E1  E2 

20-25 kt      6       0        1        0         0        0       0    0 

30-40 kt      3       0        9        4         0        2       0    0 

45-60 kt      0       0       20       6         3       10      0    0 

65-85 kt      0       0        6        5         5       23      4    0 

90-105 kt    0       1        2        1         0       14     11   1 

110-125 kt  0       0        0        0         0         3     10   3 

130-155 kt  0       0        0        0         0         0     17   10 



 

CURVED BAND 



 

E1  (EYE WALL 250 K Threshold) 



 

E2  (EYE WALL 220 K Threshold) 



 

TC INTENSITY 

35 kt or 65 kt?????? 

Yap 

Palau 

TC Omais 18 May 2004 



 

NEXT DAY ……. 



 

Yap 

Palau 



 

Yap 

Palau 

MIDGET TYPHOON WITH 

SMALL EYE 



NICHOLAS 

SEQUENCE 
 



 



Where is center? 

How to use Dvorak techniques 

On this TC? 



Nicholas Sequence SSMI 

 



 



 



 

TC CENTER 



 

T 3.5 

T 3.5 



QUIKSCAT PROBLEMS 

  - RAIN CONTAMINATION 

 

  - FALSE CENTERS 

 

  - ALONG-SWATH ERRONEOUS WINDS 



 

UPWIND-DOWNWIND ASYMMETRY 



 



WINDS 

 



AMBIGUITIES 

 



 



 

Eye 

Along-scan winds 

Create dark band 

NORMALIZED RADAR CROSS SECTION 



 



 

Courtesy of Roger Edson 



 



 



 

Courtesy of 

R. Edson 



Along-Swath Error 

 



 

Along-Swath Error 



Latest
27 OCT 19Z Qscat

SUSPECT False Center (WHY?) 



FALSE CENTER 

WHY: 

 

    1.  Huge asymmetry 

    2.  Prior history: moving west along 22 N. 

    Back 



 
Apparent center 

30 kt Isotach 

45 kt Isotach 

Isotach Centroid 

NRCS 



Latest 

 

Q 

ML 

NRCS 

Trough Axis 



QuikSCAT 

 



 

WHERE IS CENTER? 

Distorted Winds 



 



 



 



GO TO PART 2 


