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Very short-lived substances (VSLS)
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NCEP/NCAR winds, June 2005 (Park et al., 2009, JGR)

Does this pathway also work for trace gases from the Indian Ocean?
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Latitude

VSLS emissions from the oceans

Measurements until 2010
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Measured bromoform (CHBr;) concentration in

the surface oceans (Ziska et al. 2013, ACP)

OASIS Cruise in July 2014

What are the VSLS emissions from
the Indian Ocean?

Fiehn et al., 2017, ACPD

What is the seasonal and
interannual variability of
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stratospheric entrainment?




FLEXPART

Lagrangian transport model with convection scheme

Input: 6-hourly ERA-Interim fields RO
Forward trajectories i
) FLEXPART

run for 3 months

Stohl et al. 2005

West Indian Ocean to stratosphere (WIO-S) transport

Forward trajectories from the ocean surface
1404 trajectories released every day for 2000-2015
Stratospheric entrainment at 17 km height

VSLS tracers through transit time (tt) and lifetime (It)
tt
qg = e It
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Entrainment regions at 17 km
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Transport efficiency [%]
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Seasonal cycle of transport
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Maximum in spring, when convection
is over the release area.

Minimum in fall, when entrainment is
farther to the north.




Interannual variability of transport
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Highest interannual
variability for DMS.

Small increase for

all seasons and
tracers.
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Factors influencing interannual
variability of transport

IMI

Indian Monsoon Index
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Also tested other indices and variables.

11



Interannual Correlations

Index Tracer Year DJF MAM JIA SON
DMS 0,43 -0,20 0,54 -0,25 0,22
CH,l 0,40 -0,17 0,57 -0,11 0,20
SSTwio
CHBr, 0,39 0,04 0,56 0,41 0,21
CH,Br, 0,38 0,24 0,55 053 0,30
DMS -0,15 -0,27 0,49 -0,27 -0,66
CH;l -0,17 -0,25 0,47 -0,19 -0,73
SSTNino4
CHBr, -0,17 -0,11 0,44 -0,09 -0,72
CH,Br, -0,18 0,06 0,43 -0,02 -0,65
DMS 0,03 0,42 -0,15 0,11 0,35
IMI CH;l 0,03 0,44 -0,07 0,16 0,38
CHBr, 0,03 0,41 -0,08 -0,15 0,49
CH,Br, 0,03 0,51 -0,10 034 044

90% significant



Processes in boreal spring

Entrainment region | S SST anomaly MAM
0
©
2
®
-l
O
El Nifio influence on Walker circ. :S
El Nifio E

/\ /\ . -002
S0S T60°E 120°E 180°W 120°W 60°W
Longitude
S — Stronger entrainment during El




Processes in boreal fall
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Stronger entrainment during La
Nifa-like SST anomalies.




Summary

e Different VSLS show similar behavior

* Distinct seasonal cycle of transport from the
West Indian Ocean to the stratosphere
— Maximum efficiency in spring, minimum in fall
— Entrainment region moves southwest to northeast
over the Indian Ocean with the monsoon
* Interannual variability in transport efficiency
due to local SST and ENSO

(Fiehn et al., to be submitted)



Outlook

* Combine transport study with several
emission scenarios
— How important are seasonally varying emissions?

— What are important source regions we need to
measure at?

CHBr3 Emission Climatology from Jan 2016 (a) Scenario A: 425 (Gg Br yr") ocear;:atmosphere fluxes o!CHBr; ' [pmol m?h ")
I ] I " i 4000 90°N = N
80°N : , ST W At
m 60N - 3 4 - ' o
40°N 2000 = 30°N [ \
% '.‘E Gn
20 7 [§1000 g : /— B ;
s T £ oars| . | y A, /LS. .
40°s P o 2 ; 7 : : Y
- 60°S
SOOS » &l ~1000. QOQS 180 150W 120W 9OW  60W  30W 0 30E 60E 90E 120€ 150E 180
5000 180°  120°W  60°W 0° 60°E  120°E [
180°W 120°W 60°W  0°  60°E 120°E 180°W 0 200 500 800 1200
longitude .
_ Liang et al., 2014
Ziska et al., 2013 Stemmler et al., 2014

17



