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the tropics.
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Assim
ilation of Loon balloon trajectories can im

prove 
global analyses, especially in the tropics w

here they can 
characterize equatorial w

ave m
otions.

The Rossby w
ave vertical shear of m

eridional and zonal 
w

ind can be used to influence Loon trajectories.
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D: Equatorial W
aves

Ø
Large-scale, equatorially confined w

aves
Ø

Propagate vertically and zonally 
Ø

Periods of a few
 days

Ø
Planetary scale in zonal direction

Ø
Trapped w

ithin ~10
oof the equator

Ø
Rossby W

aves have N
onzero Equatorial M

eridional W
ind

Phase and G
roup Velocities

(U
pw

ard Propagating Rossby W
aves)

Ø
Phase Velocity: to the W

est
Ø

G
roup Velocity: to the East

Group

Phase

M
eridional equatorial w

inds for 
2014 at 50 hPa. 

The phase and group velocities 
are apparent in w

ave packets 
throughout the year.  

The phase velocity is 
approxim

ately double the group 
velocity, ~10 and 5 m

/s 
respectively in this exam

ple.

M
erra-2 m

eridional w
ind 

averaged 10
oS-10

oN
 and filtered 

for zonal w
aves 1-6.

N
ote strong w

aves during June 
2014.The Q

uasi-Biennial O
scillation (Q

BO
) in the east-w

est 
equatorial w

ind direction controls the vertical 
propagation of equatorial  Rossby w

aves w
ith strong 

w
ave activity associated w

ith w
esterly w

inds.

The standard deviation about the equator of the m
eridional w

ind com
ponent (red shading) 

and the zonal m
ean zonal w

ind (black curve), both at 50 hPa. M
ER

R
A-2 w

inds averaged 
from

 10
oS to 10

oN
.
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Equatorial W
ave Clim

atology

RESU
LTS:

LO
O

N
 BALLO

O
N

S: Data Assim
ilation

Ø
Loon is a netw

ork of 
stratospheric balloons, 
designed to extend Internet 
connectivity to rem

ote areas.

Ø
Loons can adjust altitude in 
flight to control their 
trajectories based on vertical 
w

ind shear.

https://loon.com
/

N
ASA G

lobal M
odeling and Assim

ilation 
O

ffice Data Assim
ilation System

Ø
Data assim

ilation com
bines a global 

forecast m
odel w

ith observations 
to produce a global m

eteorological 
analysis

Ø
Control:no loons assim

ilated
Ø

Loon:loons included in assim
ilation

a) The density of Loon balloon observations during August 2014 (yellow
 shading) and b) root 

m
ean squared zonal w

ind changes in the G
M

AO
 data assim

ilation system
 (D

AS) during August 
2014 produced by including the Loon balloons into the D

AS. The contour interval is 0.25 m
/s. 

Exam
ple: Loon Assim

ilation
Exam

ple: W
ave 

Structure

Case Study: Loon balloons and vertical w
ind shear

Loon Assim
ilation

Control Assim
ilation

Difference

Loon Trajectories

a) Loon Assim
ilation, b) C

ontrol Assim
ilation, and c) 

D
ifference

W
ave train trapped w

ithin ~10
oof 

the equator

Coy et al. (2019) assim
ilated three m

onths (June-August 
2014) of the Loon balloon w

inds into the N
ASA GEO

S 
global data assim

ilation system
 (DAS).  Several Loons w

ere 
also in the tropics during June.
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M
eridional w

ind (m
/s) from

 the Loon assim
ilation 
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inds 1-6

7-21 June Loon trajectory
Low

er Altitude on 10 June 
(blue)

Loon descends on 
the 9

thand ascends 
on the 10th 
experiencing 
different m

eridional 
w

inds.

Loon Trajectory on 10 June
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Ø
Equatorial cross section show

ing vertically 
propagating w

aves associated w
ith the w

ind 
shear changes seen by the Loon balloon.

Ø
Adjusting Loon altitudes in the w

ave’s 
vertical shear provides a m

echanism
 for 

keeping near the equator.
Ø

Future N
ASA plans call for increased vertical 

resolution in the stratosphere enabling 
better analysis of these equatorial w

aves.


