
Katrin Müller1 (katrin.mueller@awi.de), Tim Röpke1, Adeline Schulte1, Xiaoyu Sun2, Ryan M. Stauffer3, Debra E. Kollonige3, Anne M. Thompson3,4, Raphael Köhler1, Markus Rex1

Main references BREMERHAVEN

Am Handelshafen 12
27570 Bremerhaven
Telefon 0471 4831-0
www.awi.de

APARC General Assembly, Pune, India, 12.-16.10.2026

Networks/ Campaigns

PAO instrumental Setup and Timeline

Rex et al. 2014, ACP

Sun et al. 2025, ACP

1Alfred Wegener Institute, Helmholtz Center for Polar and Marine Research, Potsdam, Germany 2University of Bremen, Bremen, Germany 3Atmospheric Chemistry and Dynamics Laboratory, NASA GSFC, Greenbelt, MD, USA
4University of Maryland-Baltimore County, Baltimore, MD, USA

Pole

5
 p

p
t(25

%
 o

f
total B

ry ) en
ter

the
stra

t. h
e

re
…

…causing ~10 years delay
in ozone hole recovery

VSLS NOx

NMHC

Tropospheric
Ozone

Controls oxidizing
capacity

Tropical Western Pacific
Clean Air Pool

Dynamical Control

Im
p

li
c

a
t

io
n

s

Chemical 
lifetimes

Global 
stratospheric
composition

Region of interhemispheric transport

ITCZ

Trade winds, 
Hadley & Walker 

circulation

Brewer Dobson 
circulation

ENSO, QBO, 
(MJO, IOD, …)

In
di

ca
to

r

7.3° N
134.7° E

Why
unique?

Without Palau!

Chemical Equator (GEOS-Chem)
Monthly mean tropospheric O3 VMR

from ECC sondes (2016-2026)

O3 VMR [ppb]

Sun et al. 2023, ACP

Update Müller at al. 2024a
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ASO

FMA

-
Calculated using the Transport module of
Langrangian Chemistry and Transport Model 
ATLAS (Wohltmann et al. 2010)
10-day-backtrajectories for dynamical footprint,  driven by
ERA5 reanalysis data, no diffusion, no convective model
parameterization, 10-min time steps; initialized from ozone
sounding data, 01/2016-10/2019, 5-10 km, every 10th 
measurement, color-coded by O3 VMR as measured upon 
arrival in Palau
 focus on 5-10 km: range with weak convective outflow
Due to typical lifetime of marine boundary layer O3:
 5-day-backtrajectory ending points = origin of air mass 
composition

MLR analysis of 10 y PAO free-trop. O3 time series:

no overall significant trend in tropospheric O3 and OLR (NOAA CPC 
daily blended) compare Stauffer et al. 2024 for a positive 
seasonal trend in South East Asia!
 but more data needed for robust results!
(20 years! see Thompson et al. 2025, APARC poster)
• temporary increases explained by ENSO, IOD impact weak
• Tropospheric O3 tied to local convective activity

10 day back trajectories

Müller at al. 2024b

Seasonal tropospheric O3 minimum
strongest while the Intertropical 
Convergence Zone (ITCZ) is located
North of Palau, supressing transport from
the Northern Hemisphere to the TWP

Dry, O3-rich
Large scale descent,    pollution
Tropical Asia (anticyclonic route)
Most frequent in Feb-Apr

Processes
Origin

Frequency

Humid, O3-poor 
Convective background
Pacific or local
Year-round, dominates Aug-Oct

Air masses by anomaly
∆O3∆RH from monthly
background defined as 20th (O3) and 
83rd (RH) quantiles (altitude dependent)

The statistically identified humid O3-poor 
local clean air pool above Palau 
originates locally and East of Palau in the
Pacific, lifted within 5 days prior to arrival
consisted with convective origin.

Occasional interruptions of this
background, identified as dry, O3-rich 
anomalies, originate largely in tropical
Asia, descending towards Palau thus
lowered in RH via radiative cooling.

A stratospheric origin could not be found
in the trajectories analysis, using
additional Potential Vorticity criteria.

Distinct seasonal transport and local convective signatures in the O3RH structure

Global tropospheric O3 minimum

Sun et al. 2024, Rem.Sens.

Case study: Regional distribution
of air masses leaving cirrus [%]

5 day backtrajectory origins

Multilinear Regression (MLR) Analysis

Master thesis Adeline Schulte 2026

Self-Organizing-Maps (SOM) Analysis

Tropospheric Ozone Seasonality
February-March-April (FMA) and August-September-
October (ASO) are the most contrasting Palau seasons: the
humid O3-poor convective background occurs year-round
but prevails in summer/fall; dry O3-rich layers interrupt this
background mostly in spring and winter

Observed uplift via TWP cold trapStrong seasonality with modulations mainly by ENSO

Local support

Sun et al. 2025, ACP

Occurrence of
cirrus clouds [%]

Uplift into the stratosphere…
…is observed by lidar and balloon soundings above Palau in 
cloud signatures, in particular (extra-thin) sub-visible cirrus
clouds

These cirrus clouds have a seasonality tied to the Brewer 
Dobson circulation and local cold trap, most intense during
NH winter, and similarities with cirrus in the Asian Summer 
Monsoon

This observational evidence for the local stratospheric air
entry highlights the importance of local composition changes
in the future. 

Master thesis Adeline Schulte 2026

Müller at al. 2024b

The Palau 
Atmospheric 

Observatory (PAO)

The Tropical Western Pacific (TWP) is a key gateway for air entering the stratosphere during boreal winter, making
its composition critical for global atmospheric chemistry and dynamics. Its low tropospheric oxidizing capacity
affects chemical lifetimes, while the local tropical tropopause layer (TTL) cold-trap regulates stratospheric water
vapor (Rex et al. 2014, Sun et al. 2025). Since 2016, the Palau Atmospheric Observatory (PAO; 7°N, 134°E) has filled
a long-standing observational gap in the TWP using regular balloon-borne ozonesondes, water vapor and aerosol
sondes and remote sensing (Müller et al. 2024a).
As part of SHADOZ (also NDACC, B2SAP and PGN) the PAO extends the network’s longitudinal coverage across the
western Pacific. With growing integration into global networks, PAO is uniquely positioned as a reference site for
satellite validation and long-term monitoring of stratospheric trace gases and large-scale circulation changes.

Sun et al. 2025, ACP


