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Abstract:

At Moana Loa, as at many other North American sites, the
yearly wave of CO shows erratic doubled maxima, with the
second, late-summer peak plausibly associated with fires in
the northern hemisphere. The magnitude of the effect is
marginally sufficient to explain the large variance
observed in global CO2.

Seasonally resolved carbon-isotope measurements of CO at
Moana Loa might resolve this issue.

Introduction:

Figure 1. [From Sarmiento and Gruber] The upper red curve
shows globally averaged annual fossil-fuel emissions. The
lower black curve above the blue field shows the accumu-
lation rates in the atmosphere. The noisy green band
estimates, by difference, CO2 accumulation in the oceans
and land.
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Several of us were intrigued by Prof. Paul Quay's
stimulating talk last Friday [May 13, 2005] with .. among
other insights and conjectures .. his report on a paper by
Sarmiento and Gruber [Physics Today, v-55, pp30-36, Aug.
2003] who suggest that large variations may be occurring in
CO2 uptake by the oceans and terrestrial biota. [Figure 1]

In a remark from the floor Prof. Mike Wallace suggested
that the effect might be explained alternatively by
sporadic, large, but poorly accounted emissions from forest
fires.

As one test of this guess I have examined a rather too-
brief [1988-2003] set of monthly carbon monoxide [CO] data
at 86 sites. The hope behind this test was that sporadic
large excursions in atmospheric CO emissions, reasonably
attributed to large fires, might more easily be detected
above a lower average background, than CO2 excursions from
many sources, above a larger background.

Data:

I have taken data for this exercise from the web sites
maintained by NOAA's Climate Modeling and Diagnostic
Laboratory [CMDL] ftp://ftp.cmdl.noaa.gov/ccg/co/flask/.
When you get there, click on [month.zip], download and
unzip. Similarly, CO2 data were downloaded from
ftp://ftp.cmdl.noaa.gov/ccg/co2/flask/.

Discussion:

Figure 2 [page 6] displays these CO data, from all 86
sites, in a jumbly stripchart that emphasizes large site-
dependent variations in both means and annual modulations.
Noticeable in this figure are many stations reporting means
and excursions several times larger than the 'global
average', generally accepted at about 100 ppb, with large
variations and a strong hemispheric gradient. Many sites
show doubled maxima. Phase angles are reversed in the
southern hemisphere.

ftp://ftp.cmdl.noaa.gov/ccg/co/flask/
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To discriminate against local sources I have selected those
8 sites located at heights above 1000 meters, namely:

Lat Lng Alt Code Site
23.18 5.42 2728 ASK , Assekrem, Algeria
28.30 -16.48 2360 IZO , Tenerife, Canary Islands, Spain
43.25 77.88 2519 KZM , Plateau Assy, Kazakhstan
19.53 -155.58 3397 MLO , Mauna Loa, Hawaii, United States
40.05 -105.58 3523 NWR , Niwot Ridge, Colorado, United States

-89.98 -24.80 2810 SPO , South Pole, Antarctica, United States
39.90 -113.72 1320 UTA , Wendover, Utah, United States
36.29 100.90 3810 WLG , Mt. Waliguan, Peoples Republic of China

Data from these sites are plotted in Figure 3 [page 6].

Noticeable there is the dark green curve for SPO, at the
south pole, with diminished mean and amplitude, and
inverted phase. Note also that the highest excursions in
this data set occur at WLG [Central China], roughly [very
roughly] down wind of East Asian industrial sources. The
lowest northern-hemispheric CO levels from this pruned data
set are reported at MLO [Moana Loa].

In Figure 4 [page 7], I have condensed these data into a
single curve of observation-count weighted averages and
standard deviations, omitting SPO at the south pole. No
significant trend can be detected at these sites, for which
the average CO concentration was 116.6 ± 0.6 ppm. If re-
weighted by cosines of latitudes, a northern-hemispheric
average CO mixing fraction would be closer to 100 ppb.
It's a pity that these data do not well sample South
America and Africa.

Marginally significant largest maxima appear in the summers
of 1991, 1992, and 1998, and a largest minimum in the
winter of 1997-8. Noticeable also in Figure 4 [and later
in figure 5] is that the phase angles of the maxima and
minima are unsymmetric, with the former more 'spring-like',
and the 'winter' minima more 'fall-like', rather than
'summer' and 'winter'. Very likely the spring maxima are
limited by an early-summer oxidation sink for CO, by the
hydroxyl radical, HO.

No significant trend can be detected in Figure 4 [page 7],
nor can the amplitudes of seasonal fluctuations be
confidently attributed to anything other than excursions of
climate. Except that ..
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The CMDL archives also report CO2 at Moana Loa. I have
plotted these together with CO in figure 5 [page 7]. Note
the doubled maxima in CO, which can be seen [faintly]
reflected as inflections in the CO2 record. A hand-waving
guess to explain this interesting effect might include
competition between late-spring and early-summer onset of
OH oxidation, and sporatic, enhanced late-summer and early-
fall CO emissions from the North American continent,
perhaps from fires. Note again in figure 2 that many sites
show similarly doubled maxima. The effect is not confined
to Moana Loa.

Between 1989 and 2003 the average CO at Moana Loa was
95.3 ppb, with rms variation of 19 ppb [20%]. During the
same epoch CO2 averaged 362 ppm, with a positive slope of
1.6 ppm/yr [0.44%/yr]. The rms variation of CO2 about the
trend was 2.3 ppm [0.63%].

Annual waves of CO and CO2 are shown in figure 6 [page 8].
Note that the doubled maxima of figure 5 are washed out in
this plot, and that the interval between peak and trough of
the CO wave is 4 months, not six. CO plausibly 'leads' CO2
as a result of oxidation by HO.

Annual global increments of CO2 are shown in figure 7
[page 8], compared there with annual CO data at Moana Loa.
Similarities are sufficient to be 'interesting' but not
convincing.

Discussion:

Forest fires release 10-20% of their carbon to the
atmosphere as CO. The lifetime of CO in the atmosphere is
comparable to or longer than its zonal mixing time in the
northern hemisphere, but is shorter than the times
necessary for meridional mixing or inter-hemispheric
transport. With an averaged concentration near 100 ppb, a
brief surges of CO emissions from late-summer, northern-
hemispheric forest fires might reasonably be associated
with ~0.1 ppm of CO or ~1 ppm increased CO2, which is
comparable to the annual variance of CO2 [2.3 ppm 0.63%] of
figure 5, and illustrated in figure 1 by Sarmiento and
Gruber, expressed there as PgC/yr. Whether this is in fact
occurring might be resolved by seasonal carbon-isotope
measurements of CO and CO2 at a remote northern-hemispheric
site such as Moana Loa.
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Summary:

At 7 sites above 1000 meters, CO maximizes in the spring
and minimizes in the fall [4 months between peak and
trough, not 6 months, as in summer/winter], likely driven
by HO oxidation and plausibly affected by late-summer
fires.

At Moana Loa, as at many other sites, CO shows doubled
maxima of unknown [to me] etiology, which can be [faintly]
detected also in the annual CO2 signal.

This brief study cannot resolve whether apparently large
year-to-year variations in CO2, attributed by Sarmiento and
Gruber to uptake by the oceans and terrestrial biota, may
be attributed instead to large but poorly accounted
variations in CO2 emissions by forest fires.

It would be interesting to compare C12/C14 ratios in CO
and CO2 during the late-summer second maxima at Moana Loa,
with similar ratios at other seasons.
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Figures:

Figure 2: Strip-chart jumble of all CO 'flask'
data, at 86 CMDL sites.

Figure 3: Monthly CO at 8 sites greater than
1000 meters ASL.
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Figure 4: Observation-count weighted CO averages at
seven northern-hemispheric high-altitude sites, omitting
SPO, with their standard deviations.

Figure 5: CO and CO2 at Moana Loa. Note the
doubled maxima.
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Figure 6: Composite CO and CO2 annual waves
at Moana Loa

Figure 7: Year-to-Year CO2 increments at Moana Loa.
RED = CMDL, BLUE = Sarmiento and Gruber
BLACK = CO at Moana Loa.
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