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Tropical forest CH,

* Natural sources of methane (CH,) are still
not well understood and quantified.

* The Amazon rainforest is expected to be a
significant source of methane, but in situ
CH, flux measurements are rare.

By combining different instruments and
measurement techniques, we aimed to
identify the different CH, sources and sinks
in the ecosystem, and tried to estimate the
overall net CH, flux.
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Field site

Fieldsite ZF2 (LBA, INPA) is located 60 km northwest of Manaus (Brazil), in the middle
of the Amazon rainforest (Fig. 1). The area consists of plateaus and waterlogged

valleys (Araujo et al, 2002).

The 50m high K34 tower, located on the plateau, is a
micrometeorological tower, providing environmental

and flux (CO, and H,0) data.

In 2018, 2 additional instruments were added to the K34-tower: i fe

* a FTIR-analyzer (CO,, CH,, CO, N,O and 6*3CO,);

* alos Gatos ultraportable analyzer (CO, and CH,). Mah ik
EY

Figure 1 show the location of the K34
tower, 60 km northwest of Manaus
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Instruments

A Spectronus-FTIR analyzer (CO,, CH,, CO, N,O and 6%3CO,)

O continuously measures concentrations at the K34 tower (on the plateau) at
the heights: 5, 15, 36 and/or 51 m (canopy height ~28 m);

O measures bag samples from soil and termite flux chamber measurements,
and bag samples from nighttime valley air.

A Los Gatos Ultraportable analyzer, measuring CO,, CH, and H,O:
O Nighttime valley tower profile measurements (campaign-based);

O Flux chamber measurements on soil, tree stems, valley stream, and termite
mounds;

Termite incubations experiments.

In the following slides, we will show a selection of case studies,
performed with a combination of instruments and set ups, each
focusing on a different component of the ecosystems CH, budget.
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Case study 1: Ecosystem CH, flux
Can we estimate the net ecosystem CH, flux?

Tower profile data can be used to estimate the CH, flux, for example by the nocturnal

storage-ratio technique.

At night, if the atmosphere is stable, forest respiration leads to a gradual CO, accumulation in

the forest so that 'dCO,/dt'is positive.

If the CH, concentrations also show a concentration increase over time, a CH, source can be
expected. If the sources of CO, and CH, are spatially similarly distributed, the CH, emission

can be estimated as follows:

PCH,=PCO +dCH,/dt (based on Laubach et al. (2015)).

4 dco,/at

0.18, R?=0.99 (19 dec 2019)
0.11, R?=0.91 (22 dec 2019)
0.17, R?=0.96 (26 dec 2019)

CHs (ppb) at 5m height

480 500
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Figure 2: the figure shows the CO, and
CH,, concentrations of three example
nights at the K34 tower (plateau) in
December 2019. For each night, the
'(dCH,/dt)/(dCO,/dt)" was calculated for
concentrations at 5 m altitude. The
found ratios were 0.18, 0.11, and 0.17
for CH,, all with an R?>0.90.

Case study 1: Ecosystem CH, flux




Case study 1: Ecosystem CH, flux
Can we estimate the net ecosystem CH, flux?

On the plateau, the ‘dCH, /dt / dCO,/dt’ was found to range between 0.1 and 0.2.

By assuming an ecosystem respiration of ~8 umol m=2 s* (Chambers et al. (2004)), a
nighttime plateau CH, production of 0.8-1.6 nmol m-2 s'! can be estimated.

This value is similar to what was measured by Eddy Covariance measurements at this
fieldsite by Querino et al (2011).

Analyses of this dataset, and of the valley dataset,
are still ongoing. In addition, this method will be
applied to different heights, and to the different
measured gases.

Furthermore, different nighttime accumulation flux
estimation methods will be applied and tested, such
as the methods described by Carmo et al. (2006)
and by Querino et al. (2011).

Case study 1: Ecosystem CH, flux




Case study 2: Soil CH, fluxes
Are soil CH, fluxes different along the topography?

40 soil collars were installed at 8 topographical locations (Fig. 3b).

CO, and CH, fluxes were measured by use of the Los Gatos analyzer, connected to
a portable flux chamber (4.7 L, Fig. 3a).
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Figure 3a: Picture of the Los Gatos analyzer,
measuring the soil flux chamber

Figure 3b: Overview of the topography of the
i transect, with the 8 soil flux locations indicated.
istancia (m)

Case study 2: soil CH, flux




Case study 2: Soil CH, fluxes
Are soil CH, fluxes different along the topography?
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Fig 4: Soil CH, fluxes measured in the different seasons: upper figure is wet season (May
2019), middle figure is dry season (November 2019), and lower figure is wet season
(March 2020). Every bar stands for the average of the 3 measurements.

The plateau, slope and
campinarana (white sand area)
locations generally showed CH,
uptake, although emissions were
also detected. This could point at
local hotspots, possibly caused by
anaerobic conditions, rotting
wood, or termite activity. The
valleys were a weak but consistent
CH, source (Fig. 4).

Calculating an simple area-
coverage weighted average, gives
a CH, flux of -0.6 nmol m=2 s
(Luizao et al. 2004, Zanchi et al.
2014).

Case study 2: soil CH, flux



Case study 3a: Termite mound CH, fluxes
What are the CH, emissions of termite mounds?

5 mound of the species Neocapritermes brasiliensis were selected for termite
mound measurements

Emission were measured by placing a large bucket over the mound, and measuring
the CH, increase in the bucket by use of the Los Gatos analyzer

More details about this part can be found in van Asperen et al. (2021)

Case study 3: termite CH, flux




Case study 3a: Termite mound CH, fluxes
What are the CH, emissions of termite mounds?
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Fig 5: Measured mound
CH, emissions of 5
mounds of the same
termite  species, all
located in the valley.
Mound 6 was a mound
of a different species
on the plateau.

(nmol mound~1 s~1)
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Termite mounds were found to be hotspots of CH,, with on average
fluxes of 25.2 nmol mound s (Fig. 5).

More details about this part can be found in van Asperen et al. (2021)
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Case study 3b: Individual termite CH, fluxes
What is the CH, emission per termite?

Sample piece Measure small Break open Count
from pieces in mini mound all
termite mound chamber material termites

More details about this part can be found in van Asperen et al. (2021)
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Case study 3b: Individual termite CH, fluxes
What is the CH, emission per termite?
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A termite emission factor of 0.0002985 nmol termite s (0.35 umol g+ * h™t) was
determined. This is only the second termite emission factor measured for an Amazonian
species, and the first one for a soil-feeding termite species. Our value is twice as high as the

previously found value for the Amazon by Martius et al. (1993).

More details about this part can be found in van Asperen et al. (2021)




Case study 3c: Termite CH, on ecosystem scale
What is the role of termites in the ecosystem?

 Mound density values from local studies were used to upscale to ecosystem level.
* This estimate neglects termite activity outside mounds, and is therefore lower-bound.

Mound density: 60-280 nests ha!

* Estimated termite biomass for tropical rainforests (11 g,.,..... M%) was combined with
our measured termite emission factor.
* This approach is also used by global CH, budget studies (Kirschke et al. 2013).

Termite weight: 3.07 mg termite?

Termite biomass: 11 g m™

More details about this part can be found in van Asperen et al. (2021)

Case study 3: termite CH, flux




Preliminary conclusions

By combining different instruments and set ups, multiple )
components of the ecosystems CH, budget could be studied. In this
presentation, just a selection of the measurements was shown: &

Case study 1 showed that the overall ecosystem is likely a net
source of CH, (0.8-1.6 nmol CH, m2 s1);

Case study 2 shows that soil CH, fluxes are heterogenous, but
generally are showing uptake (-0.6 nmol CH, m2 s1);

Case study 3 shows that termites are estimated to emit
~1 nmol CH, m2 s1) on ecosystem scale.

Overall, it is expected that hotspots, such as termite mounds, dead
wood, anaerobic soil spots and valley streams, play a crucial role in
the ecosystems CH, budget.

Conclusions




Outlook

Additional measurements, which were not shown, but
which will be included in this CH, budget study:

Floating chamber measurements on the small stream;
Tree stem flux measurements on plateau and valley;

Spatial heterogeneity measurements by continuously
measuring concentrations at 8 locations within 10 m?,
once performed on the plateau, and once in the
valley;

Nighttime concentration measurements above the
valley stream;

Determination of additional termite emission factors
of different termite species.

For questions or comments, please reach out to me
during the EGU session ©. Or contact me by email:

v_asperen@iup.physik.uni-bremen.de
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