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X-BASE: the first terrestrial carbon and water flux products from
an extended data-driven scaling framework, FLUXCOM-X
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Abstract. Mapping in situ eddy covariance measurements
of terrestrial land—atmosphere fluxes to the globe is a key
method for diagnosing the Earth system from a data-driven
perspective. We describe the first global products (called
X-BASE) from a newly implemented upscaling framework,
FLUXCOM-X, representing an advancement from the previ-
ous generation of FLUXCOM products in terms of flexibility
and technical capabilities. The X-BASE products are com-
prised of estimates of CO; net ecosystem exchange (NEE),
gross primary productivity (GPP), evapotranspiration (ET),
and for the first time a novel, fully data-driven global tran-
spiration product (ETT), at high spatial (0.05°) and tempo-
ral (hourly) resolution. X-BASE estimates the global NEE
at —5.7540.33 PgCyr~! for the period 2001-2020, show-
ing a much higher consistency with independent atmospheric
carbon cycle constraints compared to the previous versions
of FLUXCOM. The improvement of global NEE was likely
only possible thanks to the international effort to increase the
precision and consistency of eddy covariance collection and
processing pipelines, as well as to the extension of the mea-
surements to more site years resulting in a wider coverage of
bioclimatic conditions. However, X-BASE global net ecosys-
tem exchange shows a very low interannual variability, which
is common to state-of-the-art data-driven flux products and
remains a scientific challenge. With 12542.1PgCyr~! for
the same period, X-BASE GPP is slightly higher than pre-
vious FLUXCOM estimates, mostly in temperate and bo-
real areas. X-BASE evapotranspiration amounts to 74.7 x
103 4+ 0.9 x 10° km? globally for the years 2001-2020 but ex-
ceeds precipitation in many dry areas, likely indicating over-
estimation in these regions. On average 57 % of evapotran-
spiration is estimated to be transpiration, in good agreement
with isotope-based approaches, but higher than estimates
from many land surface models. Despite considerable im-
provements to the previous upscaling products, many further
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opportunities for development exist. Pathways of exploration
include methodological choices in the selection and process-
ing of eddy covariance and satellite observations, their inges-
tion into the framework, and the configuration of machine
learning methods. For this, the new FLUXCOM-X frame-
work was specifically designed to have the necessary flexi-
bility to experiment, diagnose, and converge to more accurate
global flux estimates.

1 Introduction

Energy, water, and carbon exchange between terrestrial sur-
faces and the atmosphere are key components of the Earth
system and impact ecosystems, ecosystem services, weather,
climate, and water availability. The exchange (or flux) can
be directly observed using eddy covariance (EC) measure-
ment systems (Baldocchi, 2019), which are installed on tow-
ers overlooking the ecosystem of interest. The EC stations
typically represent an area of a few hundred square meters to
a square kilometer. One key advantage of the EC methodol-
ogy is the ability to provide near-continuous measurements
with some records now exceeding 20 years (Pastorello et al.,
2020), allowing for examination of flux variations from the
order of 30 min to decades. EC systems also provide a unique
perspective on the magnitude, temporal variability, and envi-
ronmental sensitivity of ecosystem CO; uptake, water use,
and local climate regulation (Baldocchi, 2019; Musavi et al.,
2017; Bao et al., 2022). However, while many of the most
pressing scientific knowledge gaps surrounding the delicate
land carbon balance and the water cycle require spatially
and temporally resolved flux patterns at continental to global
scales, EC observations are confined to individual locations
in space and limited periods in time (Kumar et al., 2016; Pa-
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