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MODIS & HIMAWARI Typhoon Meranti Observations 

Geostationary weather satellite 



SAR Typhoon Meranti Observation 

21:28 UTC 12 Sep 2016 



JTWC Typhoon Meranti Best Track  

wind speed 

pressure 

21:00 UTC 12 Sep 2016 
              56.5 m/s 



Dual-Pol SAR Typhoon Meranti Observations 

VV VH 

21:28 UTC 12 Sep 2016 





VV-pol SAR wind speeds 

   underestimate high winds in the typhoon eyewall region 



VH-pol SAR wind speeds 

C-2POD 

   overestimate low and moderate winds outside eyewall region 

C-3PO 



Dual-Pol SAR Winds ? 
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𝜎𝜎𝑣𝑣𝑣𝑜𝑜 = 𝐶𝐶3𝑃𝑃𝑃𝑃(𝑈𝑈𝐹𝐹𝐹𝐹 ,𝜃𝜃) 

𝑈𝑈𝐹𝐹𝐹𝐹  :  first guess wind speed from cross-pol model 

𝑢𝑢𝐹𝐹𝐹𝐹 = 𝑈𝑈𝐹𝐹𝐹𝐹co s(𝜑𝜑𝑢𝑢) 
𝑣𝑣𝐹𝐹𝐹𝐹 = 𝑈𝑈𝐹𝐹𝐹𝐹si n(𝜑𝜑𝑢𝑢) 

𝑢𝑢𝐹𝐹𝐹𝐹  
𝑣𝑣𝐹𝐹𝐹𝐹 

: wind speed components 

𝜑𝜑𝑢𝑢 = 90𝑜𝑜 − Φ 
Φ :  wind direction from improved local gradient method 

𝜎𝜎𝑣𝑣𝑣𝑣𝑚𝑚 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶5.𝑁𝑁(𝜃𝜃,𝑈𝑈𝐹𝐹𝐹𝐹 ,𝜑𝜑) 



𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥,𝑦𝑦 = 𝑎𝑎0𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑎𝑎𝑥𝑥𝑠𝑠𝑠𝑠𝑠𝑠𝑥𝑥 + 𝑎𝑎𝑦𝑦𝑠𝑠𝑠𝑠𝑠𝑠𝑦𝑦 

+�𝑎𝑎𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒𝑒𝑒 −
𝑥𝑥 − 𝑥𝑥𝑖𝑖 2 − 𝑦𝑦 − 𝑦𝑦𝑖𝑖 2
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+�𝑎𝑎𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒 −
𝑥𝑥 − 𝑥𝑥𝑖𝑖 2 − 𝑦𝑦 − 𝑦𝑦𝑖𝑖 2
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𝐷𝐷𝑦𝑦 = 𝐷𝐷𝑥𝑥𝑇𝑇  

𝐺𝐺 = 𝐷𝐷𝑥𝑥 + 𝑖𝑖𝐷𝐷𝑦𝑦 ∗ 𝐴𝐴  

𝛽𝛽 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐺𝐺𝑥𝑥
𝐺𝐺𝑦𝑦

 

Local gradient estimation Interpolation operation 

VH-pol SAR wind direction derivation 



VH-pol SAR wind direction derivation 



Dual-Pol SAR wind field 

   maximum wind speed is 47.4 m/s 21:28 UTC 12 Sep 2016 



HWRF-simulated wind field 

21:00 UTC 12 Sep 2016    maximum wind speed is 61.5 m/s 



WindSat-derived wind field 

22:00 UTC 12 Sep 2016    maximum wind speed is 38.6 m/s 



WindSat & GPM rain  



Microwave optimally-interpolated SST 
Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 



The typhoon wind-stress vector turns 
clockwise with time on the right side of the 
track and is roughly resonant with the wind-
driven near-inertial currents in the mixed 
layer, which cause strong entrainment and 
thus a strong SST response. 

SST cooling 

The SST response is large for strong, slowly 
moving typhoons, because entrainment 
dominates the ML heat balance, the SST 
response is large when there is cold water 
Near sea surface, when the initial ML layer 
is shallow and temperature gradient beneath 
The ML is sharp.  



SMAP sea surface salinity 
Level 3 8-day running maps 

SSS increase about 1 psu 



Upper Ocean response to Typhoon 

 Vertical mixing in the upper ocean  

 Upwelling in the upper ocean  



Numerical Simulation of Upper Ocean response to Typhoon 



Regional Oceanic Modeling System (ROMS) 

ROMS is a three-dimensional numerical oceanic model intended for simulating current, 
Ecosystems, biogeochemical cycles, and sediment movement in various coastal regions. 

vertical sigma-coordinate 
grid, horizontal curvilinear 
orthogonal grid 

lateral boundary conditions 

surface forcing 

bottom boundary conditions 



 Grid 
• Horizontal resolution of the grid was 1/32o (≈3 km); 
• Vertical coordinate was discretized with 72 vertical sigma layers; 
• The grid dimensions (latitude, longitude, and depth) were (191×237×72). 
 
 Open Boundaries/Initial Conditions 
• The mesoscale temperature, salinity, and velocity values were derived from HYCOM (1/12o) 

and the data are stored at daily time steps.  
 

 Atmospheric Forcing 
• The forcing for the ocean model was derived from CFSR (1/25o)  and the data are stored at 

hourly time steps. 
 

 ROMS Parameterization Scheme 
• Using the COARE3.0 bulk-flux formulation for parameterizing momentum and buoyancy fluxes. 
• Vertical mixing was parameterized using the KPP formulation. 

ROMS model Setup 



Atmospheric forcing 



Sea surface temperature response 

Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 

CSFR wind forcing 



Sea surface temperature response 
HWRF wind forcing 

Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 



Sea surface temperature response 
SAR wind forcing 

Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 



SST comparison between observations and simulations 



SST comparison between observations and simulations 



Sub-surface temperature response 

CSFR wind forcing HWRF wind forcing 

SAR wind forcing 

A cooler thermocline layer water is mixed with the warmer water from the mixed layer 
by entrainment mixing, the SST decrease. This entrainment is generated either by vertical 
shear of the horizontal current or by surface-generated turbulence within mixed layer. 



Surface current response 

Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 

CSFR wind forcing 



Surface current response 
HWRF wind forcing 

Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 



Surface current response 
SAR wind forcing 

Sep 10 Sep 11 Sep 12 

Sep 13 Sep 14 Sep 12- Sep 11 



Surface current response 

The asymmetry in the velocity pattern is a result of effective coupling of clockwise rotating 
wind stress vectors on the right side of the track and inertially rotating wind-driven currents.  



           Summary 

2: Dual-polarized SAR wind field is a good candidate surface forcing for oceanic numerical  
model. Synergy of SAR winds and model simulations has potential to better understanding  
the response of upper ocean to typhoon. 

1: The reasonable typhoon wind fields are obtained via combination of co- and cross-pol SAR 
measurements . 

3: High temporal RCM SAR along with scatterometer and radiometer observations will provide  
 a unique opportunity for monitoring typhoon and improving its forecast accuracy. 



Thanks for your attention！ 
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