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Carbon & forest biomass

1. Carbon constants and units
The concentration of atmospheric CO2 is measured in parts per million (ppm). An increase in CO2 concentration of 1 ppm
means that out of every million molecules in the atmosphere, there is one molecule of CO2. On the scale of the entire
atmosphere, an increase in concentration of 1 ppm corresponds to about 2 billion tons of carbon more, or 2 GtC. Note that one
gigaton of carbon is equal to one petagram of carbon (i.e. 1 GtC = 109 tC= 1 PgC = 1015 gC). These two units are commonly
used in scientific publications.

To convert a number expressed in Gt of carbon (GtC) to Gt of CO2, it must be multiplied by 3.666 (M(CO2)/M(C) = (12 + 2 ×
16)/12 = 3.666). Finally, the mass of carbon in a tree is estimated by considering that this mass represents 50% of the dry mass
(after the passage in the oven). In other words, the carbon stock of a forest corresponds approximately to its dry mass divided by
two.

2. Methods for estimating forest biomass

2.1. in situ inventories
Biomass estimation is based on measurements in a forest plot (usually less than 1 ha) representative of the forest stand [1]. The
measurements concern tree characteristics (height, average diameter at 1.3 m, density, etc.) which are used as input to biomass
calculation models [2]. The advantages of this method are that it is accurate and allows the estimation of all biomass
compartments (above-ground and below-ground biomass). On the other hand, it is tedious, gives local results, and the in situ
inventories already carried out do not cover the globe homogeneously. Thus, immense forest stands have very few inventories of
this type (Siberia, for example).

2.2. Optical remote sensing
Optical remote sensing measures the reflectance (ratio between the electromagnetic radiation flux incident on a surface and the
reflected flux) of vegetation in different wavelength ranges. The combination of these measurements allows to calculate
frequently (about every day or every month depending on the satellites) and on the whole globe, vegetation indices well related to
the photosynthetic activity of the vegetation (e.g. the normalized difference vegetation index, NDVI), the forest cover rate, the
leaf area index (LAI, total leaf area per m2), etc. These data are used as inputs to models (statistical regressions or machine
learning), calibrated beforehand on certain forest sites, which make it possible to estimate the biomass and its evolution on a
global scale [1],[3],[4]. The disadvantage of optical remote sensing is that beyond a certain level of biomass (about 50 t/ha), the
sensors become saturated and the estimates become imprecise.

2.3. Lidar remote sensing
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 Figure 1. The GEDI LIDAR sensor was specifically designed to quantify biomass and its uncertainty across a variety of spatial scales. A
pulse of near-infrared laser energy is fired toward the surface where it is reflected from leaves and branches in a nominal 25 m diameter
footprint (shown at right). The returned waveform (shown at left) is processed to find ground topography, canopy height, and various
measures of relative height (RH). From these measurements, a variety of other products can be derived, including leaf density profile,
canopy cover, and aboveground biomass. [Source: Figure reproduced from Dubayah, R. et al. ref [5], CC BY 4.0 license)]

Lidar1 measurements can be used to estimate tree height with good accuracy. This measurement is usually combined with other
remote sensing measurements (see above) to estimate forest biomass. The advantage of this method is that it allows for fairly
accurate estimates, whether at the regional level (measurements from an aircraft) or the global level (satellite measurements).
However, measurements can become saturated and estimates made by lidar are generally static, as it takes several years to cover
the entire globe by satellite measurements. Example: NASA / GEDI satellite (Figure 1) [5].

2.4. Microwave remote sensing
These observations are made with instruments that measure the natural emission (passive domain) or the backscatter (active or
radar domain) of plant cover in the microwave domain. These measurements allow us to estimate the attenuation effect of
microwave radiation by the vegetation cover. This attenuation (associated with the Vegetation Optical Depth, VOD) is well related
to the biomass of the vegetation. Compared to optical measurements, microwave measurements are little affected by cloud cover
and atmospheric effects and saturate less quickly at high forest vegetation densities. Depending on the used methods (passive or
active instruments) and wavelengths, the obtained spatial resolution (from a few meters to several kilometers) and the saturation
threshold are variable.

3. The Biomass Carbon Monitor project

 Figure 2. Global carbon sink trends, 2015-2021. [Source: Hui Yang et al. (Nature Geosc., in revisions)]

On October 29, 2021, the Biomass Carbon Monitor the first geospatial platform capable of measuring the role of forests in
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carbon sequestration by observing changes in biomass was published. Kayrros [6], in partnership with the French National
Research Institute for Agriculture, Food and the Environment (INRAE) and the French Laboratory for Climate and Environmental
Sciences (LSCE), developed this tool based on 30 years of research. It is now freely available to all.

The Biomass Carbon Monitor provides free access to global maps of changes in carbon stocks contained in aboveground biomass.
The data allow quantifying annual changes in biomass and determining the role that forests play in reducing the amount of
carbon in the atmosphere.

The Biomass Carbon Monitor data are derived from systematic measurements of microwave emission from land surfaces by the
European SpaceAgency's (ESA) SMOS satellite, combined with particularly advanced algorithms. The result shows that some
regions of the northern hemisphere store carbon, while tropical regions affected by deforestation are emitters. Globally, 760
million tons of carbon (Mt) have been removed from the atmosphere each year over the past decade [7] - offsetting nearly 8% of
the CO2 emissions associated with fossil fuel consumption and cement production during that time.
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