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PSU	WRF-EnKF
• 60	member	ensemble
• 3	hour	continuous	cycling	EnKF
• Assimilates	conventional	and	Airborne	

radial	velocity	SOs
• WRF	v3.5.1
• 3	two-way	nested	domains
• 27/9/3	km	grid	spacing
• Boundary	conditions	provided	by	GFS
• Initial	ensemble	perturbations	provided	

by	background	error	covariance
• WSM6	microphysics
• YSU	PBL
• Dudhia Shortwave
• Grell-Dévényi Cumulus	(D01	Only)
• Green	and	Zhang	(2013)	surface	flux	

scheme
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U.S.	Landfall? Out	to	sea?
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Major	Hurricane? Tropical	Storm?



RENVUNRL RVOR

IC	differences	everywhere IC	differences	Vortex	only IC	difference	Environment



Forecast Hour
0 12 24 36 48 60 72 84

Sp
re

ad
 (K

m
)

0

100

200

300

400

500
Track Spread

UNRL
RENV
RVOR
RRNV

Forecast Hour
0 12 24 36 48 60 72 84

Sp
re

ad
 (h

Pa
)

0

5

10

15

20

25

30

35

40
Minimum Central Pressure Spread

Forecast Hour
0 12 24 36 48 60 72 84

Sp
re

ad
 (k

ts
)

0

5

10

15

20

25

30

35
Maximum Wind Speed Spread

a) b) c)

• RVOR	only	ensemble	whose	track	spread	approaches	that	of	UNRL
• RENV/RRNV	track	spread	only	slightly	increases
• RENV/RRNV	can	reproduce	UNRL	intensity	spread
• RVOR	intensity	spread	still	growing	at	84	h

RENVUNRL RVOR
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Initial	intensity	is	very	important!
From	RRNV	Ensemble:
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Forecast	track	insensitive	to	intensity!

What	in	the	environment	influences	storm	track?



Degrees East
-76 -75 -74 -73 -72 -71 -70

De
gr

ee
s 

No
rth

23

24

25

26

27

28

29
APSU Env Relaxation Tracks

Degrees East
-85 -80 -75 -70 -65 -60 -55

De
gr

ee
s 

No
rth

20

25

30

35

40

45
APSU Env Relaxation Tracks

Best Track
APSU
RE300
RE600
RE900
RE1200

a) b)

Degrees East
-76 -75 -74 -73 -72 -71 -70

De
gr

ee
s 

No
rth

23

24

25

26

27

28

29
APSU Vortex Relaxation Tracks

Degrees East
-85 -80 -75 -70 -65 -60 -55

De
gr

ee
s 

No
rth

20

25

30

35

40

45
APSU Vortex Relaxation Tracks

Best Track
APSU
RV300
RV600
RV900
RV1200

d)c)



Summary
• Ensemble	forecasts	of	Joaquin	had	very	large	intensity	and	
track	spread
• Intensity	spread	saturates	most	rapidly	as	a	result	of	IC	
differences	to	the	storm	vortex	(within	300	km)
• Initial	intensity	large	determining	factor	in	final	intensity	
strong	initial	storm		->	strong	final	storm
weak	initial	storm	->	weak	final	storm

• Track	spread	dominated	by	IC	differences	to	the	environment	
(beyond	300	km)
• Track	bifurcation	insensitive	to	storm	intensity
• Mid	to	low-level	steering	wind	differences	appear	to	have	resulted	in	
track	divergence

• IC	differences	between	600-900	km	from	initial	storm	location	
important!

Nystrom	et	al.	2017
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Hurricane	Patricia	(2015)

• Historical	record	setter
• Very	large	forecast	errors!

12	h 24	h

36	h 48	h

[Kimberlain et	al.	2016]



Retrospective	PSU-WRF	EnKF	runs
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Retrospective	PSU-WRF	EnKF	runs	(1	km)
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Retrospective	PSU-WRF	EnKF	runs	(sfc flux)
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Summary	and	Future	Work

• Forecasts	of	Patricia	struggle	to	capture	timing	and	rate	of	RI
• 1	km	forecast	demonstrate	slight	improvement
• New	sfc flux	scheme	helps	capture	high	intensity	[Yingjian et	al.	2017]
• PSU	WRF-EnKF	demonstrates	improvement	from	NHC	forecasts
How	can	we	further	improve	forecasts?
• Assimilate	Coplane obs instead	of	SOs	[Melhauser and	Zhang	2016]	
• Assimilate	GOES-13	All-Sky	radiances	and	possibly	microwave	
observations
• Examine	ensemble	forecasts
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Relaxation	Procedure

𝑎 = (Rmax−r)/(Rmax−Rmin)	(if	Rmin ≤ r ≤ 𝑅𝑚𝑎𝑥)	
𝑎 = 1.0	(𝑖𝑓	𝑟 < 𝑅𝑚𝑖𝑛)
𝑎 = 0	(𝑖𝑓 > 𝑅𝑚𝑎𝑥)

𝑅𝐸𝑁𝑉 = 𝑈𝑁𝑅𝐿 ∗ 𝑎 + 𝐺𝐹𝑆 ∗ (1 − 𝑎)	

𝑎 = (Rmax−r)/(Rmax−Rmin)	(if	Rmin ≤ r ≤ 𝑅𝑚𝑎𝑥)
𝑎 = 1.0	𝑖𝑓	𝑟 < 𝑅𝑚𝑖𝑛
𝑎 = 0	𝑖𝑓	𝑟 > 𝑅𝑚𝑎𝑥

𝑅𝑉𝑂𝑅 = 𝑈𝑁𝑅𝐿 ∗ (1 − 𝑎) + 𝐴𝑃𝑆𝑈 ∗ 𝑎	

RENV

RVOR
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Initial	Condition	differences	exist	in	many	location!

Where	are	these	initial	conditional	differences	most	important?
How	do	they	impact	the	forecast?

UNRL



=+

Relaxed	to	APSU	vortex	(RVOR)
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Initial	Condition	differences	to	the	inner	core
are	removed!

RVOR
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• Large	track	spread	remains
• Intensity	spread	reduced	for	first	84	h
• Delay	in	intensity	spread	growth
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Relaxed	to	GFS	environment	(RENV)
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Initial	Condition	differences	to	the	environment	
are	removed!

RENV
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• Track	spread	greatly	reduced
• Large	intensity	spread	remains
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This image cannot currently be displayed.
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Intensity	specific	steering	flow	through	time



a) b)
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a) b) c)

Ridging	to	the	East	and	North	of	initial	location	Important?	
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