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❖ Motivation

➢ Uncertainties in the Observations and Model outputs.

➢ HWRF model Uncertainty Assessment.

➢ Generation of Ensemble members for Wave-Surge model.

➢ WW3 model Uncertainty Assessment.

❖ Atmospheric Model (Hurricane Weather Research and Forecasting, HWRF)

➢ Deterministic Run + Uncertainties based on ensembles Spread

➢ Best Track (Max Wind; radii of 34, 50 and 64 threshold on quadrants; Pressure)

❖ Wave Model (WaveWatch III, WW3)

❖ Generation of Ensembles based on HWRF ensembles’ spread

➢ HWRF Ensemble

➢ Generalized Asymmetric Holland B model

❖ Large Scale Application

➢ Hurricane Irma (2017)

❖ Summary



TC vitals provided by NHC 

Time    Lat.       Lon.      Vmax Pc Threshold radii                        Pn Rmax

NE        SE      SW       NW
hr deg        deg       kn hPa kn nm                                           hPa nm

--------------------------------------------------------------------------------------------------------------------------------------------------------------

AL, 11, 2017090500, 03, HWRF, 000, 167N,  549W, 104,  950, XX,  34, NEQ, 0161, 0107, 0085, 0126, 1010,  218,  29

AL, 11, 2017090500, 03, HWRF, 000, 167N,  549W, 104,  950, XX,  50, NEQ, 0073, 0053, 0054, 0072, 1010,  218,  29

AL, 11, 2017090500, 03, HWRF, 000, 167N,  549W, 104,  950, XX,  64, NEQ, 0052, 0045, 0043, 0052, 1010,  218,  29

AL, 11, 2017090500, 03, HWRF, 006, 166N,  562W,  098, 955, XX,  34, NEQ, 0124, 0107, 0072, 0117, 1011, 228,  25

AL, 11, 2017090500, 03, HWRF, 006, 166N,  562W,  098, 955, XX,  50, NEQ, 0062, 0056, 0046, 0058, 1011, 228,  25

AL, 11, 2017090500, 03, HWRF, 006, 166N,  562W,  098, 955, XX,  64, NEQ, 0046, 0041, 0033, 0044, 1011,  228,  25

HWRF generates the same file for 000 and 006 hr for 40 ensembles  

Wind swath depicting the radius of 34-, 50-, and 64-kt



ITALIANS don’t break Long SPAGHETTI, but HWRF does !!! 

Discontinuous members
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Reference PMSL =1013.25 mB





1 nm =1.852 km

Same info for 50 and 64 knots.
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Large Scale Application

HSOFS Mesh
~1.8 M nodes
~3.5 M elements
lowest resolution.: ~200m



HWRF

WW3
WW3 v6.07
Parallelization: 
Domain 
Decomposition
Scheme: Implicit
Abdolali et al 2019

Three moving nested grids
Data Assimilation
Ocean Coupling
40 Ensemble Members
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1) 𝑈10 = 𝑈10 × 1 +
𝜎𝑈10
𝑉𝑚𝑎𝑥

2) 𝑈10 = 𝑈10 × 1 −
𝜎𝑈10
𝑉𝑚𝑎𝑥

3) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑎𝑠𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

4) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑤𝑒𝑠𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

5) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑎ℎ𝑒𝑎𝑑 𝑜𝑓𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

6) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑏𝑒ℎ𝑖𝑛𝑑 𝑡ℎ𝑒𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

❑ More members can be generated using spread of radii, pressure or a combination of all parameters 
with different weights. We are limited by computational resources.

❑ See Abdolali et al. 2019 for more info on HWRF field post-processing and new features of WW3

t=0

t=6

7) W𝑖𝑑𝑒𝑟 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝑐𝑜𝑛𝑒 (𝜎𝑟𝑚𝑎𝑥
)

8) Narrower 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝑐𝑜𝑛𝑒 (𝜎𝑟𝑚𝑎𝑥
)

9) 𝑈10 = 𝑈10 × 1 +
𝜎𝑈10
𝑉𝑚𝑎𝑥

10) 𝑈10 = 𝑈10 × 1 −
𝜎𝑈10
𝑉𝑚𝑎𝑥

11) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑎𝑠𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

12) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑤𝑒𝑠𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

13) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑎ℎ𝑒𝑎𝑑 𝑜𝑓𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

14) 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝐶𝑒𝑛𝑡𝑒𝑟 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑏𝑒ℎ𝑖𝑛𝑑 𝑡ℎ𝑒𝐵𝑒𝑠𝑡 𝑇𝑟𝑎𝑐𝑘 (𝜎𝐵𝑇)

15) W𝑖𝑑𝑒𝑟 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝑐𝑜𝑛𝑒 (𝜎𝑟𝑚𝑎𝑥
)

16) Narrower 𝐻𝑢𝑟𝑟𝑖𝑐𝑎𝑛𝑒 𝑐𝑜𝑛𝑒 (𝜎𝑟𝑚𝑎𝑥
)
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HWRF WW3
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HWRF

WW3



𝜙 = 1 +
1/𝑅0

𝐵𝑔(1 + 1/𝑅0)

𝐵𝑔 = 𝐵
1 + 1/𝑅0 𝑒𝜙−1
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𝑉𝑔 𝑟 = 𝑉𝑚𝑎𝑥
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𝑟
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Gao et al, 2015𝑅0 = Rossby number

Pc = Central Pressure

Pn = Background Pressure

𝜙 = Intermediate factor

𝜕𝑉𝑔

𝜕𝑟
= 0, 𝑟 = 𝑅𝑚𝑎𝑥

𝑉𝑔 = 34 𝑟 = 𝑅34
𝑉𝑔 = 50 𝑟 = 𝑅54

𝑉𝑔 = 𝑉𝑚𝑎𝑥 𝑟 = 𝑅𝑚𝑎𝑥

𝑉𝑔 = 64 𝑟 = 𝑅64
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Three further steps are performed on the Vg

I. The wind velocity at the top of the atmospheric boundary layer to U10.
II. Sampling time adjustment from 1 min wind to 10 min winds.
III. Adding the tapered translation velocity.



① HWRF provides hourly gridded outputs on d2/d3 domains for 40 ensembles from t=0 to t=6 hr,
which can be used for determining the distribution of wind and pressure fields. Error distribution
can be assessed wherever observations exist and uncertainty can be shown for each grid point.

② HWRF provides the track, max wind speed, pressure at MSL and size of storm at t=0 and t=6 hr for
40 members. So the distribution of aforementioned parameters can be determined.

③ The same idea of #1 can be done for wave and surge, but we need continuous ensembles, which
represent the HWRF model to force Wave-Surge Model (Modified HWRF or a parametric model).

④ Generalized HOLLAND B is a good candidate to generate adequate number of ensembles from 7
parameters. This combination should be assessed via sensitivity analysis for a case study.

⑤ HOLLAND B is a simplified model, which has 4 directions and does not have HWRF fanciness. The
idea is using HWRF deterministic run for Wave-Surge deterministic simulation and wave-surge
members, forced by HOLLAND B, for the uncertainty evaluation.

⑥ A tool in MATLAB is developed to perform statistical analysis on the HWRF ensembles.
⑦ This tool is extended to modify the HWRF deterministic run to generated ensembles members

compatible with WW3 format from HWRF spread.
⑧ This tool is extended to generate atmospheric fields from TC vital (NHC or mean of HWRF) for the

cone of hurricane and background from other atmospheric models.
⑨ The anaylsis on the hurricane Irma (2017) atmospheric and wave fields were performed to

evaluate the spread of error and uncertainties migrating from upstream model to downstream
one.
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