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Motivation

« TC Intensity change forecasts remain a challenge

« Sensitivity studies can help understand impact of |IC
errors and uncertainties

« Sensitivity tfechnigques
« Past studies

« Ensemble Sensitivity (Brown and Hakim 2015)
« Adjoint Sensitivity (Doyle et al 2012)

« Apply adjoint-derived diagnostics to study Hurricane
Harvey
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Forecasts initialized:

1200 UTC 23 August 2017

Operational HWRF: TC Intensity Pmin
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Modgel

« WRF-ARW V3.8.1 and its adjoint WPS Domain Configuration
« 30 km grid spacing

* 41 evenly spaced vertical levels

« 0.25° GFS final analysis global data

« 36 hour forecast and adjoint
iNntegration
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Central Pressure: Best Track vs. WRF
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Response Function (R)

R=-u
within 1004 hPa
contour

M: perturpbation
dry air mass in
column




Fraction of Absolute Sensitivity
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Optimal Perturbation

Seek to minimize energy needed af inifial
fime to make the prescribed change at
final time

Prescribed change (6R) 1 hPa decrease in
pressure over response function domain

Perturbations are calculated based on
prescribed change and the sensitivity

gradients at the initial time
» Perturbations:

> Max V-wind: 11.0 m/s
» Max U-wind: 3.7 m/s
» Less than 0.2% of perturbations greater than 1m/s
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Central Pressure

Central Pressure: WRF Optimal Perturbation
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Actual (Nonlinear) change (hPa)
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Resolution Impacts

* Re-ran WRF forward trajectory af:
« 15 km grid spacing (time step = 90s)
« 10 km grid spacing (time step = 45s)
» Keeping all other variables/configurations the
same

* Response function: - within 1004 hPa contour
« Comparable size of domain as 30 km grid spacing
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Summary

Inifial diagnostics show sensifivities concentrated in lower
levels
1,9, U,V

. %Oo]rés)is’ren’r with previous studies (Doyle et al. 2012; Brown and Hakim

Smalller prescribed changes (5R+’ro initial conditions evolve
to intensify Harvey and behave linearly

_arger R and perturbbations to thermodynamic fields deviate
from linearity

-iner grid spacing results in increased low level sensitivities
fraction

Greater detail in finer grid spacing sensitivities




Future work

* Increase model resolution impact

« Does increasing resolution lead to greater insight to structure of
sensitivities/perturbations

» Explore different response functions
 Circulation around box
 Intensification rate
M P

» Explore other tropical cyclone cases
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Perturbations

OR
SR = (m,axo)
SR = AR = R(Xf + X{) — R(X%)
OR
Xg - Xg +C¥m
Optimal Perturbogons*
R
Xo) = \W™ 1 —
_ 6R (2Rw-19R\
A =0R (axo w axo)

*special thanks to Zhaoxiangrui He



Linearity
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Central Pressure

Central Pressure: WRF Optimal Perturbation
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Adjoint

« Adjoint-based sensitivity studies involve the evaluation of
the sensitivity of a specific function (R) of model output
(X¢) to changes in the mongRini’rioI condifions (Xp)

axo

» Given this sensitivity gradient, one can compute the
changes to R (6R) attributed to small changes in initfial
conditions (8X,):

OR = (6_R, 5)(0)

aXO



x=,vwTp,q,)
R - forecast aspect (intensity)

9 Nonlinear Model 99

< Adjoint Model «| 2
axo Bxf

OR R OR OR OR OR OR
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Fraction of Absolute Sensitivity Optimal Perturbation: Average Vertical Structure
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Central Pressure

Central Pressure: Best Track vs. WRF
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REAL-TIME WRF: Response Function -u Init: 2017-08-23_12:00:00
Valid: 2017-08-23_12:00:00

Sensitivity to Water Vapor (Pa/kgkg-1) at 850 hPa
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Relative Humidity (%) at 850 hPa
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