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Problem and Motivation

Hurricanes are complex, nonlinear natural systems
Physical processes span several orders of magnitude
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= Predictive capability for intensity is poor
= Interactions between numerics and physics, large errors



Privers of Hurricane Intensity Change
Hurricane Dennis (2005)

Hurricane - Time: 1655 Date: 07-09-05
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Guimond et al. 2010, J. Atmos. Sci.



Hurrcane Karl (2010) during NASA GR“IP

| Low wind shear (~5 m/s )

Global Hawk Flight

Google earth

Day (September 2010) BlI31.38" N 89°39'49.82" W elev 537 ft eye alt 1158.96 mi




Hurricane Karl (2010) during NASA GRIP
HIWRAP HAMSR
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Organization of Stochastic Forcing
Guimond et al. 2016, J. Atmos. Sci.
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Dynamics of Hurricane Intensity Change

Latent Heat v Nolan and Montgomery (2002,NM02)

Release

v Nolan et al. (2007)
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Dynamical Cores

Table 1. Summary of default numerical schemes used in each model for this study. See
text for details.

HIGRAD WRF NUMA

Semi-implicit w/ Split-explicit w/ Semi-implicit w/

Time Integration Forward Euler Runge Kutta Leap Frog

Spatial Finite Difference on Finite Difference on

Discretization A-grid C-grid Spectral Element

5™ order horizontal/

Advection QUICK 3" order vertical

Spectral Element

Explicit Filters 6™ order spatial None 1% order temporal




60 vertical levels at ~ 333 m resolution

>WRF upper damping layer added to HIGRAD and
NUMA

same Coriolis frequency (5.0 x 10~ s)
\ » No dissipation of momentum at lowest level
» Doubly Periodic BCs
» Turbulent diffusion - very simple

‘Laplacian operator

TSI TSR ey, J A el 0, . gmmeN Dy oy oy



tial Conditions
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ZOMKWNS Perturbation Results

HIGRAD 20K WN3 mean z=0 - 5 km , t=1 h WRF 20K WN3 mean z=0 - 5 km , t=1 h

_50 0 50 -100 -50 0 50 100
X (km) X (km)

NUMA LF2 20K WN3 mean z=0 - 5 km , t=1 h NUMA ARK2B 20K WN3 mean z=0 - 5 km , t=1 h

(c)

NUMA
ARK2B



WN 3 Péerturbation Results

. . |wno . . ..
Table 2. Absolute value of the impact ratio, |m‘ . for impulsive thermal perturbations in

each numerical model for various amplitudes. The ratio is listed as a 2 h average over the
4 — 6 h period rounded to the nearest whole number. This is reported in terms of either
perturbation maximum wind speed or perturbation integrated kinetic energy. The format
1s:  wind ratio / kinetic energy ratio. The “I” and “W™ letters indicate whether
intensification or weakening, respectively, was observed during this time period. The
NUMA results use the LF2 time integrator. but similar results were obtained with the

ARK?2B scheme during this Eeriod.
Amplitude HIGRAD WRF NUMA

1K 7! 20%/ 1562 583"
I ] I I
10K 13 15961/ 40 /36

20K 13! 36' ] 39" 16°




esting other Asymmetries

Table 4. As in Table 2. only replacing the denominator in the impact ratio with various
asymmetric wavenumber perturbations.

Perturbation HIGRAD WRF NUMA

10 K WN1 20 [21! 3t /|16t
10 K WN2 51
10 K WN4
10 K WN5

20 K WN4

20 K WNS5




Jnderstanding Differences

juration sensitivity tests

g, domains, boundary

ditic ity wave absorption,
“initialization, pe pation magnitude and
location, explicit diffusion, etc.

jular and Radial Momentum Budgets
del Solution Sensitivity Analysis

v' Spectral Kinetic Energy Budgets and Analysis



Spectral Dynamics

o Compare Kkinetic energy (KE, per unit mass) spectra

» X-direction FFTs for velocity (perturbations)

» Average Iin y-direction and up to damping layer

» Decomposed into rotational and divergent modes

V,=kxVy+Vy Vip=keVxV,, Vix=VeV

o Compare spectral KE budgets (shown later)

9B (k)= A(k)+ P(k)+ D(k)

ot
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Kinetic Energy Spectra: 20 K WN3

Kinetic Energy Ratio

Kinetic Energy Ratio

Perturbation Kinetic Energy Ratio (HIGRAD/WRF) for 20K WN3
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dpectral Kinetic Energy Budgets
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Kinetic Energy Budget Tendencies (n‘I’g 5“3)
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Spectral Kinetic

A A *®

~ —— ~ —— 1
u *PGF +u°*PGF

=

Energy Budgets

_2;

oW p )4

gw” O+

1

pp’ )+ 8P’
P 0z

&
7
»
@
£
S
c
I}
°
<4
o
g
ko]
=3
°
El
o
>
<
o}
c
w
L
k]
£
X

Kinetic Energy Budget Tendencies (m2 3'3)

&
<]

HIGRAD Spectral KE Budget - PERT (20KWN3) Kxyz150 No FCT 0 - 2 h Mean
T

HIGRAD

= BUOYANCY FLUX
~—— VERT PRESSURE FLUX DIV
= HORZ PGF

3

0
Wavelength (km)
NUMA Spectral KE Budget - PERT (20KWN3) LF2 0 — 2 h Mean
T

~ NUMA LF2

= BUOYANCY FLUX
~—— VERT PRESSURE FLUX DIV
HORZ PGF

Wavelength (km)

Kinetic Energy Budget Tendencies (m2 s‘a)

Kinetic Energy Budget Tendencies (rr? s'a)

WRF Spectral KE Budget - PERT (20KWN3) Kxyz150 0 — 2 h Mean

= BUOYANCY FLUX
~—— VERT PRESSURE FLUX DIV
= HORZ PGF

Wavelength (km)

NUMA Spectral KE Budget — PERT (20KWN3) ARK2B 0 - 2 h Mean
T

= BUOYANCY FLUX
~—— VERT PRESSURE FLUX DIV
HORZ PGF

Wavelength (km)




summary

al asymmetries in vortex intensification...

positive impact in HIGRAD/NUMA.

.dyﬁamics
emoves more kinetic energy than HIGRAD/NUMA
pressure term (inertia-gravity wave activity).

\ moves upscale with time from nonlinear effects.
Guimond, S., J. Reisner, S. Marras and F. Giraldo 2016: The

impacts of dry dynamic cores on asymmetric hurricane
intensification. J. Atmos. Sci., in review.



mplications
re numerical dissipation than HIGRAD /NUMA for

tainty in hurricane intensification
prediction.

more realistic regime?

heating, moisture, turbulence

hat about HWRF (NMM dynamic core)?

Evaluate forecasts with spectral dynamics/scale interactions
o Use higher resolution/re-analysis/obs for truth

o Various physics packages and data assimilation



ONgoing Work: Impact of Asymmetric Mode
ISl trbulent, Observational Regime

EDOP Observations (Guimond et al. 2010)
100 m horizontal, 37.5 m vertical sampling

Turbulent Eddies
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ONgoing Work: Impact of Asymmetric Mode

insltrbulent, Observational Regime
Vertical velocity at 10 km height using EDOP heating
puise for (A) 1 km resolution and (B) 200 m resolution

» Will LES runs produce -5/3 spectral slope and up-scaling
effects? What is the role of symmetric/asymmetric
processes in this regime?
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Vorticity: HIGRAD and WRF

K=40 m2s- K=40 m2s-

Max =~4 x 10° s Max =~2x 104 s



Vorticity: HIGRAD and WRF

K=40 m2s- K=100 m2s

Vorticity (s°") z=4. 93km max=3 78e-05 mine-2 98e-05 int=6 14e-08 .+
“o DA ~

Max =~4 x 10° s Max =~7 x 10° s



Vorticity: HIGRAD and WRF

K=40 m2s- K =200 m?s

Vorticity (s™") z=4 93km max=3 78¢-05 mine-2 98-05 int«6. 146-06 .+
L e s B -

Max =~4 x 10° s Max = ~3 x 10° s



Numerical Model

*HIGRAD (Reisner et al. 2005; Reisner and Jeffery 2009)

*Equation set...

-15(c, )

whereC, 0.1, =(Volume)"”,S = [ i i

*Discretization
*Temporal = semi-implicit (higher order an option)
*Space - finite volume on A-grid (non-staggered)

*No filters or damping added to numerics



he Impact of Numerics: 2 hours

. HIGRAD KE Spectra - NGD3 PEAT (1KWN3) Kxy2150 2 h . HIGRAD {RK3) KE Spectra - NGO3 PERT (1KWN3) Kxy2150 2 h
10 LE—— . ———— 10 . T . —————r

| HIGRAD w/FCT, SI | HIGRAD no FCT, RK3
v 10* 10° Dvelonih (1 10! 10° v 10* 10° Davelonih (1 10! 10°
=t WRF 3th ADV, RK3

» Very similar results
to WRF using NO
FCT and RK3 in
HIGRAD w0

10-:03 107 10 10°

Wavelength (knm)



Which Results are Correct?

> HIGRAD FCT results produce -5/3 spectrum and up-
scaling of energy

> HIGRAD NO FCT and WRF produce steep/damped
energy spectrum

> What is correct energy spectrum for this problem?
> LES simulation using HIGRAD with NO FCT

» dx = 60 m, dt = 0.25 s, semi-implicit

» Slightly modified vortex/heating
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Kinetic Energy Density (m:3 s'2)
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Kinetic Energy Evolution:
WN3 in HHGRAD/WRF/NUMA



dpectral Kinetic Energy Budgets
For 50K WN3 theta perturbation

HIGRAD Spectral KE Budget — iiil (50KWN3) Kxyz150 No FCT 0 — 2 h Mean WRF Spectral KE Budget - PERT (50KWN3) Kxyz150 0 — 2 h Mean
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