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A	Comparison	of	two	models:	Aura-MLS	v	WACCM	
Carbon	monoxide	at	70	mb	

The	an'-cyclone	has	a	clear	impact	on	CO	concentra'ons	
	

There	are	important	similari'es	and	discrepancies	
between	the	two	simula'ons	

MLS CO 68 hPa     (JulAug2007)
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WACCM05: CO at   72 mb, Sep-Oct 2007
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WACCM05: CO at   72 mb, Jul-Aug 2007
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Aura-MLS	data		
Courtesy	of	M.	Park	

WACCM	data	courtesy		
of	D.	Kinnison	
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WACCM05: CO at  100 mb, Jul-Aug 2007
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WACCM05: CO at  100 mb, Sep-Oct 2007

   0   60  120  180  240  300  360

       

 -40  

 -20  

   0  

  20  

  40  

 

 

 

 

 

0.0 0.2 0.4 0.6 0.8 1.00.0

0.2

0.4

0.6

0.8

1.0

 22.0

 27.8

 33.5

 39.2

 44.9

 50.6

 56.4

There	are	strong	large-scale	horizontal	varia'ons		
with	strong	large-scale	ver'cal	varia'ons	
And	strong	large-scale	seasonal	varia'ons	

A	Comparison	of	two	models:	Aura-MLS	v	WACCM	
Carbon	monoxide	at	100	mb	

MLS	data	courtesy		
of	M.	Park	

WACCM	data	courtesy		
of	D.	Kinnison	



Mo0va0on	

•  Chemical	cons0tuent	concentra0ons	at	the	top	of	the	TTL	(70	mb)	are	
important	for	impacts	on	stratospheric	chemistry	

	
•  Global	models	with	ac0ve	chemistry	have	reliable	representa0ons	of	some	

aspects	of	these	concentra0ons	but	not	all	
	
•  Cons0tuent	concentra0ons	in	the	TTL	have	large	varia0ons	at	large	space-

0me	scales	
–  They	represent	a	manageable	analysis	space	



A	backward	(Lagrangian)	approach	to	transport	



Target	level	(e.g.,	Top	of	TTL)	

Backward	trajectories	are	poten0ally	a	valuable	diagnos0c	tool	
for	understanding	cons0tuent	concentra0ons	

Source	level	(e.g.,	Upper	troposphere)	



Backward	trajectories	are	poten0ally	a	valuable	diagnos0c	tool	
for	understanding	cons0tuent	concentra0ons	

They	trace	air	parcel	pathways	
back	to	their	source		

Target	level	(e.g.,	Top	of	TTL)	

Source	level	(e.g.,	Upper	troposphere)	



Backward	trajectories	are	poten0ally	a	valuable	diagnos0c	tool	
for	understanding	cons0tuent	concentra0ons	near	the	tropical	

tropopause	

They	trace	air	parcel	pathways	
back	to	their	source		

And	determine	the	paths	from	
which	we	can	calculate	path-

dependent	processes	

Target	level	(e.g.,	Top	of	TTL)	

Source	level	(e.g.,	Upper	troposphere)	



The	cons'tuent	concentra'on	X	at	a	target	loca'on	(x,t)	
	

depends	on	the	average	of	the	source	concentra'ons	
	

plus	the	the	average	of	the	cons'tuent	changes		
	

over	the	parcel	paths	from	source	to	target	

A	backward	view	of	chemical	composi0on	



A	backward	view	of	chemical	composi0on:		
ComplicaFons	

•  Source	concentra0ons	are	needed	
–  Data	is	scarce	
–  What	represents	a	meaningful	source	loca0on	is	ambiguous	

•  Processes	that	change	concentra0ons	along	the	path	are	needed	
–  Chemical	models	need	addi0onal	cons0tuents	and	reac0on	rates	
–  Turbulent	mixing	requires	knowledge	of	unresolved	wind	fields	
–  Phase	changes	require	temperature	data	and	microphysical	models	

•  The	paths	must	be	known	
–  Requires	reliable	wind/hea0ng	rate	data	
–  Requires	trajectory	dispersion	models	and/or	ensemble	strategies	

•  The	above	components	are	coupled	

The	parcel	trajectories	form	the	founda'on	for	understanding	cons'tuent	concentra'ons	
	

So,	what	can	we	learn	about	parcel	pathways,	the	dynamics	that	influence	them,		
and	how	reliable	our	calcula'ons	of	these	pathways	are?	



Parcel	density	distribu0ons	

120	d	backward	trajectory	calculaFons	
IniFalized	every	42	h	at	70	mb	

	
KinemaFc	calculaFons		

(formulated	in	pressure	coordinates)	
Using	ERA-interim	winds	

	
Examine	only	trajectories	that	reach	their	
source	(100	mb	or	200	mb)	within	120	d		



Jan-Feb	(0.42)	

Mar-Apr	(0.45)	

May-Jun	(0.40)	

Jul-Aug	(0.28)	

Sep-Oct	(0.23)	

Nov-Dec	(0.30)	

Parcel	density		for	200	mb	sources	at	200	mb	for	2007	
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ERA-INT Kinematic: P0 = 70 mb, Jan-Feb 2007
Parcel density at  200 mb
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ERA-INT Kinematic: P0 = 70 mb, Mar-Apr 2007
Parcel density at  200 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, May-Jun 2007
Parcel density at  200 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Jul-Aug 2007
Parcel density at  200 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  200 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Nov-Dec 2007
Parcel density at  200 mb
200 mb Sources
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Parcel	density		for	200	mb	sources	at	70	mb	for	2007	
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ERA-INT Kinematic: P0 = 70 mb, Jan-Feb 2007
Parcel density at   69 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Mar-Apr 2007
Parcel density at   69 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, May-Jun 2007
Parcel density at   69 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Jul-Aug 2007
Parcel density at   69 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   69 mb
200 mb Sources
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ERA-INT Kinematic: P0 = 70 mb, Nov-Dec 2007
Parcel density at   69 mb
200 mb Sources
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Transport	‘corridors’	200	mb	to	70	mb	
Source	fracFon	0.23	

Sep-Oct	2007	CalculaFons	



Parcel	density	at	200	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  200 mb
200 mb Sources
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Spa'al	paFerns	influenced	by	distribu'ons	of	convec'on	



Parcel	density	at	177	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  177 mb
200 mb Sources
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Density	greatest	on	outskirts	of	the	an'cyclone	



Parcel	density	at	158	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  158 mb
200 mb Sources
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Parcel	density	at	140	mb	

60 120 180 -120 -60

60 120 180 -120 -60

-20
0

20
-20

0
20

 Max value =    7.454e-01

 Min value =    0.000e+00

ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  140 mb
200 mb Sources
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Emergence	of	a	density	maximum	in	the	NW	Pacific	



Parcel	density	at	125	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  125 mb
200 mb Sources
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NW	Pacific	becomes	an	important	region	



Parcel	density	at	110	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  111 mb
200 mb Sources
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Parcel	density	at	100	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   99 mb
200 mb Sources
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Parcel	density	at	88	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   88 mb
200 mb Sources
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Parcel	density	at	78	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   78 mb
200 mb Sources
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Distribu'on	spreads	to	fill	a	tropical	band	



Parcel	density	at	70	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   69 mb
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Transport	corridors	100	mb	to	70	mb	
Source	fracFon	0.73	

Sep-Oct	2007	CalculaFons	



Parcel	density	at	100	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at  100 mb
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Parcel	density	at	96	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   96 mb
100 mb Sources
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Parcel	density	at	92	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   92 mb
100 mb Sources
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Parcel	density	at	88	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   88 mb
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Parcel	density	at	85	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   85 mb
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Parcel	density	at	82	mb	

60 120 180 -120 -60

60 120 180 -120 -60

-20
0

20
-20

0
20

 Max value =    7.883e-01

 Min value =    0.000e+00

ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   82 mb
100 mb Sources
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Parcel	density	at	78	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   78 mb
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Parcel	density	at	75	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   75 mb
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Parcel	density	at	72	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   72 mb
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Parcel	density	at	70	mb	
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ERA-INT Kinematic: P0 = 70 mb, Sep-Oct 2007
Parcel density at   69 mb
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Dynamical	Influences	on	parcel	density	

•  Parcel	density	is	not	(necessarily)	an	advected	quan0ty	
–  Behaves	more	like	a	wave	

•  Parcel	density	for	200	mb	sources	is	enhanced	in	regions	of	strong	
ver0cal	mo0on	
–  Those	parcels	are	likely	to	get	to	200	mb	
–  But,	are	there	other	factors	that	affect	path	density?	

•  Divergence:	paths	are		‘compressed’	(in	a	backward	sense)	
•  Do	low	winds	and/or	closed	streamlines	allow	parcels	to	remain	in	a	specific	

horizontal	region	



Dynamical	influences	near	200	mb	(200	mb	sources)	
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Parcel density at  177 mb
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150	mb	Horizontal	winds	(Jul-Aug)	 Parcel	density	at	170	mb	

150	mb	pressure	velocity	(Jul-Aug)	
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Caveats	and	robust	features	

Parcel	density	Inter-Calcula0on	Comparisons	
ERA-interim	kinema0c	
ERA-interim	diaba0c	

CFSR	kinema0c	
CFSR	diaba0c	



Parcel	density	for	200	mb	sources	at	200	mb:	Sep-Oct	

ERA-interim	kinema0c	(0.23)	 ERA-interim	diaba0c	(0.26)	

CFSR	kinema0c	(0.40)	 CFSR	diaba0c	(0.05)	
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Parcel density at  200 mb
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ERA-interim	kinema0c	(0.23)	 ERA-interim	diaba0c	(0.26)	

CFSR	kinema0c	(0.40)	 CFSR	diaba0c	(0.05)	
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Parcel	density		for	200	mb	sources	at	70	mb	(425-450	K)	for	2007	
compared	with		

Age-of-air	calcula0ons	(at	400	K)	in	Ploeger	and	Birner	(ACPD	2016)	
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Conclusions	

•  Transport	in	the	upper	troposphere	in	the	Asian	monsoon	regions	
represents	a	substan0al	challenge	for	transport	calcula0ons	despite	
(because	of)	being	a	dominant	dynamical	feature	
–  Other	studies	have	shown	that	the	an0-cyclone	has	a	strong	influence	on	horizontal	

transport	into	the	extra-tropical	stratosphere	
–  But	it	has	a	debatable	impact	on	transport	efficiency	into	the	tropical	pipe	

•  The	Lagrangian	parcel	loca0on	probability	density	func0on	is	(could	be)	a	
valuable	diagnos0c	quan0ty	

•  ‘Source	distribu0ons’	are	robust	features	of	Lagrangian	calcula0ons	

•  A	region	of	strong	horizontal	divergence	and	upward	mo0on	in	the	north	
Pacific	is	(appears	to	be)	a	robust	feature	that	apparently	promotes	
efficient	transport	into	the	tropical	pipe	


