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Impact of the isoprene photochemical cascade on tropical
ozone

F. Paulot, D. K. Henze and P. O. Wennberg



Africa (20.0%) SouthEast Asia (7.3%) South America (33.6%)

£ 150 250 &
S S
£ 3
e £
< @
() x
5 o
g z
c 75 125 B
E’ Re]
S 3
[V}
g g
@ o
. e
) o
zZ c
Jul  Oct Jan o
&
Il Aviation ] soil Il Lightning K|
[l Anthropogenic _ | Biofuel
[[] Biomass burning I Fertilizer

Figure S1: The three continental regions considered in this study (Fig. 1) ac-
count together for ~ 60% of isoprene global emissions (geographical breakdown
is indicated in the panels’ title). Very different NOy /isoprene regimes (black
line for NO, /isoprene and dashed black line for NOS%face /isoprene) and NO,
sources (colored regions) are experienced through the year with South America
C(isoprene) /N emissions exceeding 50 for most of the year. The seasonality
of the ratio of isoprene emissions to NO, emissions is primarily controlled by
biomass burning, as seasonal variations of isoprene emissions (dashed blue line,
in mole of C/ha/month x1/25, left axis) are small. The ratio of NOy emissions
to isoprene emissions is weighted by isoprene emissions to represent the average
NOy encountered by isoprene.
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Figure S2: Fraction of isoprene oxidized above 800 mbar. About 20% of isoprene
is predicted to be oxidized outside of the boundary layer in the tropics.
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Figure S3: Sensitivity of ozone over South America (SSSE”ISOP) in %o/0?) evalu-

ated from May 31 to June 1, for different buffer times (7 in days).



e o-----®
- “_ -
/’.’
0.5 .7
'
1
& U
S 1
X )
~ 1
[} 1
O 1)
1
1
- 1
1
1
1
1
1
1
1
1
1
1
1
1
1
o® T T T T T ,
0 10 20 30 40 50 60
T (days)

Figure S4: Cumulative sensitivity of ozone over South America (CS

2
Z issg(?isop)‘ ) from May 31 to June 1, for different buffer time (7). The

ict
vertical red line indicates the buffer integration time used in the simulations.
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Figure S5: The representation of isoprene nitrate chemistry directly impacts
simulated tropical ozone, as illustrated by the normalized standard deviation
in the simulated ozone tropospheric column for different choices of nitrate yield
(Y), NOy recycling (o) and ING deposition (excluding Y=0% and Y=10% with
no ING chemistry). The choice of the representation of isoprene nitrate chem-
istry is most important outside of the biomass burning seasons and affects large
regions of the tropics. Conversely, changes in the representation of isoprene
nitrate chemistry causes little change in regions affected by biomass burning.
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Figure S6: The sensitivity of Po, to the representation of isoprene nitrate chem-
istry is well explained by the fraction of NOy removed through ING chemistry
(Dine /Lo, ). Red: Africa, blue: South America, green: South East Asia
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Figure S7: Adjoint sensitivity of tropospheric ozone (solid line) and NOy (dashed
line) over the Pacific (shaded region) to changes in the emissions of isoprene
(green), lightning NOy (red, x0.5), biomass burning NO4 (blue) and anthro-
pogenic NOy (black). The grey shaded region denotes the region over which the
cost functions are evaluated.



l\llovemberl— February l\llovemberl— February

24 Africa 4 Atlantic B

AcO
M (%)
o

ag0
sta (%)

-4 1 1 1 1 1 1

4 South America 4 Pacific -2

T T T T T T -4
June — October March - June June — October March - June

Il Nco+oH [ INGc1+oH [ JiNnc2+oH/ [ INGo+03

Figure S8: The sensitivity of tropospheric ozone to changes in key reactions con-
trolling the fate of INGg, ING; and INGg exhibits strong seasonal and regional
differences. Faster oxidation of INGy and ING; are associated with higher ozone
in particular over continental regions where NOy is limited (e.g., South America
from March to June). Here, ,SO* = Z 892,
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Figure S9: Adjoint sensitivity of Atlantic ozone to emissions of isoprene (top
panels) and NOy from biomass.
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Figure S10: The sensitivity of formaldehyde to isoprene emissions calculated
with the adjoint reveals the large spatial and temporal footprint of isoprene
emissions on formaldehyde in the GEOS-Chem model. Adjoint sensitivities
of tropospheric, boundary layer and upper tropospheric formaldehyde partial
columns to changes in isoprene emissions (in %/0?) are calculated for one grid
cell (4° x 5°) at —6°N, 60°W (denoted by a cross) from May 31 to June 1 for
different buffer times (7 in days). The fraction of the overall sensitivity due to
isoprene emissions in the —6°N, 60°W box indicated in %.
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Figure S11: Relative change (in %) in the tropospheric ozone column as NOy
emissions are set to North America mean NOy emission per capita (see text).
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Figure S12: Absolute changes in the adjoint sensitivity of tropospheric tropical
ozone (A*SY?=(tSL*(H — NO,) — t82%)x 100, with *S2* in %/0?) to changes
in the isoprene nitrate yield (red), the isoprene nitrate recycling (blue, x5 ), the
loss rate of methane (green, CH4 + OH), the rate of OH + NO (black, x0.5)
resulting from a very large increase in NO, emissions. Adjoint sensitivities
are summed over the entire troposphere from -15°N to 7°N. Blue-shaded areas
denote regions where th3 become negative because of higher NO, emissions.
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