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2019 rocket emissions inventory implemented in GEOS-Chem. 5.5 Gg 1.7 Gg 0.1 Gg
Emissions specified by time, geolocation, fuel type, rocket stage, altitude.

Key pollutants: NO,, HCI + Cl, Al,O, black carbon. We simulate a

‘contemporary’ scenario of a decade of 5.6% a! growth on 2019 levels,

and a ‘space tourism’ scenario which adds daily launches by Virgin | | |
Galactic and Blue Origin and weekly launches by SpaceX to the inventory. Launch locations and the proportion of fuel types used in each place

The clearest O; recovery trends

following implementation of the POtential tO undermine

Montreal Protocol are in the upper

stratosphere (Steinbrecht et al., ACP, ~200/o Of the gains made by

2017). The spring recovery trend in

the Arctic upper stratosphere is 81 the Montre al PrOtOCOI ol ALLO, H,0 BC

ppb dec? (Eyring et al., ACP, 2010; \

60-90°N, 5 hPa altitude) In
our contemporary rockets
scenario, springtime Arctic O,
loss at 5 hPa is 10 ppb dec?,
13% of the post-Montreal
Protocol recovery. This
increases this to 18 ppb dec™
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O 60-90°S (2019 rockets) Cl and NO, are the two most
detrimental rocket pollutants
= = y=(-0.1x—-1.3) ppb

| for O5loss. NO, is released by
Ll 60-90°S (space tourism) R TRRrS e d IV e ate f

O 60-90°N (2019 rockets)  [BEUAALEERIGEELEL])
— = vy =(-0.4x—6.0) ppb accounts for 90% of NO,

(23% of the recovery trend) O 60-90°N (space tourism) emissions. Cl is only released
with inclusion of space by solid-fuel rockets, resulting

tourism emissions. 8 Points are springtime monthly averages; BTaWETaRe =1zl RIalot-F 1-N1aRse %]
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