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OH reactivity in s-1

Figure 5. Annual mean OH reactivity near the Earth’s surface in s�1.

We calculate that at the tropopause and the poles ⌧CH4 is
longest, about a century. The mean ⌧CH4 in the extratropics
is 13.8 years, and in the inner tropics 6.1 years. The mean
⌧CH4 in the BL is 4.9, and in the FT 9.1 years. The effective
range in the mean OH concentration and ⌧CH4 between the
high- and the low-latitude troposphere is about a factor of
10, which is close to the OH and HO2 range between the
summer and winter at high latitudes. This is much smaller
than the low-to-high-latitude gradients and the seasonal cycle
of primary OH formation, indicative of the important role of
secondary formation (Sect. 6). The NH / SH ratio of ⌧CH4 is
0.77. Similar differences and latitude contrasts are found for
the lifetime of tropospheric CO (⌧CO) due to reaction with
OH. ⌧CO is on average about 38 days in the tropics, 65 days
in the NH extratropics and 86 days in the SH extratropics,
and the NH / SH ratio of ⌧CO is 0.87.

6 Radical budget and recycling probability

Figure 6 presents a summary of global annual mean HOx

production terms in the troposphere, also listed in Table 1,
which gives an overview of sources and sinks. Primary OH
formation by Reactions (R1) and (R2) (P , purple) amounts
to 84 Tmol yr�1, of which about 85 % takes place in the
FT. We find that gross OH formation (G) and HO2 pro-
duction in the FT also account for about 85 % of the tro-
pospheric total. Secondary OH formation (S) in the tropo-
sphere adds up to 167 Tmol yr�1, i.e., 67 % of G, the latter
being 251 Tmol yr�1. S is subdivided into contributions by
the NOx mechanism (Reaction R7, blue); the Ox mechanism
(Reactions R11 and R12; green and yellow, respectively);
and the OH recycling in VOC chemistry, the OVOC mecha-
nism (red). The result that r > 60 % indicates that global OH
is buffered, i.e., not sensitive to chemical perturbations. Fig-
ure 6 illustrates that the fractional contributions by the differ-
ent production terms in the FT equal those in the troposphere
as a whole. It is not surprising that the FT is the dominant
reservoir in atmospheric oxidation as it contains 6–7 times
more mass than the BL, though it shows that OH formation

Table 1. Global, annual mean tropospheric source and sink fluxes
of OH (Tmol yr�1). Sources and sinks are also specified for the
boundary layer and free troposphere.

Sources/sinks BL FT Troposphere

O(1D)+H2O 12.5 71.5 84.0 (33 %)
NO+HO2 10.4 66.2 76.6 (30 %)
O3+HO2 3.5 30.9 34.4 (14 %)
H2O2 + hv 2.3 22.5 24.8 (10 %)
OVOCs, ROOH+hv 6.6 24.8 31.4 (13 %)

Total OH sources 35.3 215.9 251.2

OH+HO1
y 4.8 41.4 46.2 (18 %)

OH+NO2
y 0.8 3.3 4.1 (1.5 %)

OH+CH4 4.1 25.7 29.8 (12 %)
OH+CO 9.6 88.2 97.8 (39 %)
OH+other C1VOC3 5.7 31.3 37.0 (15 %)
OH+C2+VOC4 10.3 24.4 34.7 (14 %)
Rest 0.4 1.2 1.6 (0.5 %)

Total OH sinks 35.7 215.5 251.2

1 H2, O3, H2O2, radical–radical reactions. 2 NO, NO2, HNO2, HNO3,
HNO4, ammonia, N-reaction products. 3 VOC with one C atom (excl.
CH4), incl. CH3OH, C1-reaction products. 4 VOC with � 2 C atoms,
C2+-reaction products.

is rather evenly distributed between different environments
within the troposphere, in spite of differences in precursors
species and pollution levels.

On a global scale, the relative magnitudes of different
OH production terms in the BL and FT are similar (Fig. 6),
though the OVOC mechanism (red) is somewhat larger and
the Ox mechanism (green and yellow) somewhat smaller
than in the FT. The contribution by the NOx mechanism, i.e.,
Reaction (R7) (NO + HO2, blue), is marginally smaller in the
BL (30 %) than the FT (31 %), in spite of large areas in the
BL being more directly influenced by anthropogenic NOx

emissions. As explained above, the contribution of NOx to
OH recycling can be locally self-limiting, e.g., in the strongly
polluted BL, while some NOx – partly as reservoir gases

Atmos. Chem. Phys., 16, 12477–12493, 2016 www.atmos-chem-phys.net/16/12477/2016/
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