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Fig. 3. ACCMIP ensemble mean, annual mean ozone climatologies and their inter-model 4 
variability, for the 2000 time slice of the Historical simulation. Top row shows zonal mean 5 
ozone, the middle row shows the tropospheric ozone column, and the bottom row shows 6 
surface ozone. For each row, the left hand panels show the absolute values of the ozone 7 
variable: ppbv for the zonal mean and surface concentrations, and Dobson units (DU) for the 8 
tropospheric column. The middle panels show the absolute standard deviations in the same 9 
units. The right hand column expresses the standard deviation as a percentage of the ensemble 10 
mean value (also known as the coefficient of variation). Note that each panel has a different 11 
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Fig. 3. ACCMIP ensemble mean, annual mean ozone climatologies and their inter-model variability, for the 2000 time slice of the Historical
simulation. Top row shows zonal mean ozone, the middle row shows the tropospheric ozone column, and the bottom row shows surface
ozone. For each row, the left hand panels show the absolute values of the ozone variable: ppbv for the zonal mean and surface concentrations,
and Dobson units (DU) for the tropospheric column. The middle panels show the absolute standard deviations in the same units. The right
hand column expresses the standard deviation as a percentage of the ensemble mean value (also known as the coefficient of variation). Note
that each panel has a different scale.

the stratosphere (Sinf) is calculated from the residual of the
other terms (Sinf = P – L+D), and the tropospheric ozone
lifetime (⌧ ) is calculated using the burdens (B) in Table 1
(⌧ =B/F, where F =L+D=P+Sinf). As with the burden, all
flux terms are defined using the 150 ppbv ozone contour as
the tropopause (from Hist 1850).
Several differences are apparent from comparing the AC-

CMIP results against the ACCENT study (the ACCENT
mean data are shown in Table 2), although we caution that,
with the limited amount of ACCMIP data, generalisations
about how the modelled budget has changed since ACCENT
are hard to make. For GFDL-AM3 and STOC-HadAM3, P
is much higher than the ACCENT mean, whereas P is much
lower for CESM-CAM-superfast, NCAR-CAM3.5 and UM-
CAM. For L, the ACCMIP models are broadly ordered the
same as P, although – unlike P – all the L terms all sit
within the range described by the ACCENT mean and stan-
dard deviation. The ACCMIP models with the lower P and
L have lower total VOC emissions (see Table S1b), which
could go some way to explaining the range in Table 2 (e.g.
Wild, 2007). These models also have the longest tropospheric
ozone lifetimes. For D, the ACCMIP results span nearly a

factor of two between CESM-CAM-superfast and STOC-
HadAM3. The fact that D does not simply correlate with
B underlines that there are differences in the ozone spatial
distribution and the deposition implementation between the
models (see Lamarque et al., 2013), which has implications
for assessing the impacts of ozone concentration changes on
the biosphere (e.g. Sitch et al., 2007). For Sinf, all the AC-
CMIP models are encompassed by the ACCENT mean and
standard deviation, and, furthermore, Sinf for the six models
is within the 540± 140 Tg yr�1 range suggested using obser-
vational constraints of stratosphere-to-troposhere exchange
(Olsen et al., 2001; Wild, 2007). However, determining the
net stratospheric influx by budget closure will likely give a
different value to that calculated using transport diagnostics
within the model (e.g. Sanderson et al., 2007), and – as with
all the budget terms – there will be some sensitivity to the
tropopause definition (Wild, 2007).
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(⌧ =B/F, where F =L+D=P+Sinf). As with the burden, all
flux terms are defined using the 150 ppbv ozone contour as
the tropopause (from Hist 1850).
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about how the modelled budget has changed since ACCENT
are hard to make. For GFDL-AM3 and STOC-HadAM3, P
is much higher than the ACCENT mean, whereas P is much
lower for CESM-CAM-superfast, NCAR-CAM3.5 and UM-
CAM. For L, the ACCMIP models are broadly ordered the
same as P, although – unlike P – all the L terms all sit
within the range described by the ACCENT mean and stan-
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L have lower total VOC emissions (see Table S1b), which
could go some way to explaining the range in Table 2 (e.g.
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ozone lifetimes. For D, the ACCMIP results span nearly a
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HadAM3. The fact that D does not simply correlate with
B underlines that there are differences in the ozone spatial
distribution and the deposition implementation between the
models (see Lamarque et al., 2013), which has implications
for assessing the impacts of ozone concentration changes on
the biosphere (e.g. Sitch et al., 2007). For Sinf, all the AC-
CMIP models are encompassed by the ACCENT mean and
standard deviation, and, furthermore, Sinf for the six models
is within the 540± 140 Tg yr�1 range suggested using obser-
vational constraints of stratosphere-to-troposhere exchange
(Olsen et al., 2001; Wild, 2007). However, determining the
net stratospheric influx by budget closure will likely give a
different value to that calculated using transport diagnostics
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all the budget terms – there will be some sensitivity to the
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UKCA
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POx= 104.00 ENOx+ 0.96 ENMVOC− 0.47 STE − 581
28.44 0.96 1.19 2249.11
152.51 5.17 −1.69 −4868.39


