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Text S1. Influence of snow cover on wintertime surface ozone simulations
We modify the input parameters for non-stomatal deposition to simulate more realistic
Vd,O3 and surface O3 over snow-cover landscapes and under cold temperatures (Figs. S1
and S2). In LM4.0, ground and cuticular resistances to snow (Rsnow) surfaces are given a
value of 2000 s m-1 for O3 and dry cuticular resistances (Rcutd) are increased by as much as
two times their original values when temperatures are below -1° C, using the formula: Rcutd
(T < −1° C) = Rcutd e0.2(−1−T) (Zhang et al., 2003). LM4.0 with these parameters simulates
wintertime Vd,O3 values of 0.10-0.25 cm s-1 over snow-covered landscapes, which are on
the upper end of the typical observed values (0-0.2 cm s-1) (Helmig et al., 2007; Helmig et
al., 2012; Wu et al., 2016). AM4 with Vd,O3 from LM4.0 underestimates surface O3 during
winter over snow-covered landscapes north of 45°N. We thus increase Rsnow from 2000 to
10000 s m-1 and increase Rcutd to an upper limit of 3 times the original value when
temperatures are below −1° C. With these adjusted parameters, wintertime Vd,O3 in the
northern high latitudes decrease to 0.05-0.1 cm s-1 in LM4.0 (Fig.S2), leading to improved
wintertime surface O3 simulations in these regions compared to the original scheme

(Fig.S1). Wintertime Vd,O3 in the adjusted scheme for LM4.0 generally agree with
observations from European boreal forests (Fig.2 in the main text).
Text S2. Land model spin-up
Both the LM3.0 and LM4,0 experiments consist of a 300-yr potential vegetation spin-up
phase (i.e., undisturbed by human activity), an intermediate land use spin-up phase (17001860), and a historical phase (1861-2014). In the 300-yr potential vegetation spin-up
phase, atmospheric forcings were constructed by cycling 10 times through the historical
data (Sheffield et al., 2006) for 1948-77, atmospheric CO2 concentration was set to the
preindustrial level (286 ppm) and vegetation disturbances by land use were not applied.
The purpose of this stage is to obtain realistic natural vegetation state (including vegetation
biomasses, vegetation types, phenology, and physical characteristics of land surface such
as roughness length and others) before starting application of land use changes. In the
intermediate spin-up phase, land use disturbances (Hurtt et al., 2011) and harvesting were
applied and run for 161 years from 1700-1860. The purpose of this stage is to generate
realistic land use state by the beginning of historical simulation; since the model keeps
track of age structure of secondary vegetation tiles, it is important to let them reach
consistency with the sequence of the land use transitions and absorb the shock of initial
land use application (Sentman et al., 2011). When a historical land-use scenario is
instantaneously applied, the land experiences an abrupt change in state, as the vegetation
undergoes a transition from the potential state to the state prescribed by the land use
scenario at that particular time. The instantaneous cutting of natural forests due to
transitions to croplands, pastures, and secondary vegetation results in a drastic change in
the carbon stocks and other vegetation properties through deforestation and logging. This
is referred to as the “shock of initial land use” (Sentman et al., 2011). Following these
initial transitions, the secondary vegetation needs time to regrow, which is essential for
producing appropriate vegetation state, including carbon stocks, biomasses, and vegetation
properties (Sentman et al., 2011). Finally, in the historical (1861-2014) phase, historical
CO2 concentrations were prescribed and land use disturbances and harvesting continued to
be applied.
Text S3. Calculation of stomatal contribution
The stomatal deposition (Gs) is the ratio of the effective stomatal conductance to the
overall surface conductance weighted by the deposition velocity.
Gs = (1/Rs)/(1/Rs+1/Rns)*Vd
Where Rs is the effective resistance associated with stomata, which reflects the change in
stomatal conductance and the change in conductance that leads to stomata associated with
aerodynamic and quasi-laminar resistances. Rns is the effective non-stomatal resistance,
and Vd is the deposition velocity.
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Figure S1. DJF mean MDA8 O3 mixing ratios from TOAR observations (a; inset map for CNMEP data)
and AM4 simulations (2005-2014) with Vd,O3 from the Wesely scheme as implemented in GEOS-Chem
(b), GFDL-LM4.0 with non-stomatal parameterization as in the Zhang scheme (c), and GFDL-LM4.0
with slower deposition over snow and under cold temperatures (d, see Text S1 for details).
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Figure S2. DJF mean Vd,O3 from GEOS-Chem, LM4.0, and LM4.0 with greater ground resistance over
snow. Shown are the 10-yr average from 2005 to 2014.
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Figure S3. Spatial distribution of June-July-August LAI for croplands in LM4.0 (1990-2014).
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Figure S4. Comparisons of observed precipitation (CRU4.01) in the wet versus dry season over Amazon
and over South Asia.
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Figure S5. LM4.0 modeled LAI in the wet versus dry season for tropical evergreen forests in Amazon and
in South Asia.

Figure S6. Little change in LM4.0 modeled LAI in July 2012 (dry) versus July 2009 (wet). Shown are
anomalies relative to the 25-year (1990-2014) climatology.
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Figure S7. Global distributions of daytime (9am-3pm LT) mean Vd,O3 (in cm s−1 ) to four landuse categories
in LM4.0 for DJF, MAM, JJA, and SON averaged over the 1990-2014 period.
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Figure S8. Global distributions of JJA daytime (9am-3pm LT) mean contribution of stomatal pathways to
total Vd,O3 for four landuse categories in LM4.0. The 25-year climatology (1990-2014) is shown.

Figure S9. Global distributions of JJA 24-hour average contribution of stomatal pathways to total Vd,O3
for four landuse categories in LM4.0.
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