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Abstract
Numerous efforts in investigating the global carbon balance have concluded that the global CO2 budget
cannot be balanced unless a ‘‘missing carbon sink’’ is invoked. Until now there have been considerable
uncertainties as to the magnitude of the C-sink in different regions and the contributions of aboveground/
underground processes. This study is aimed at presenting a first estimate of the gap between observed soil
respiration and its biological components in arid areas that characterize more than 30% of Earth’s total land
surface. In the current literature, soil respiration flux is interpreted in the context of an unstated hypothesis
that the fluxes were largely determined by underground biological processes. However, the assumption
turned out to be incorrect. Negative soil respiration fluxes in unneglectable arid regions implied a gap in our
knowledge. The first estimate of the gap between observed soil respiration flux and its biological components
in the global arid regions is a beginning at determining the size of the missing C-sink.
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Introduction
Atmospheric CO2 levels ([CO2]) have increased 30%
in the past century [1]. Motivated by such a rapid increase
of [CO2] and the climate changes it produced, numerous
studies have been carried out to account for the global
atmospheric CO2 fluxes by quantifying C sources and
sinks. However, the results reveal that the global CO2
*e-mail: chenxi@ms.xjb.ac.cn

budget cannot be balanced, unless a ‘missing carbon sink’
is invoked [2]. Numerous research has been carried out
to locate this sink. Isotopic studies revealed that air-sea
CO2 exchange is too small to explain it [3]. So it should
be accounted for by terrestrial ecosystems, which brought
more uncertainty. Carbon accumulation in a forest was
found to be counter-balanced by carbon loss during
deforestation, but the size and mechanism of this sink is
far from certain [4]. A sink was found in the root system,
but finally turned out to be insignificant [5, 6]. Although
the role of river and groundwater in CO2 transport, the role
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of soil erosion on carbon consumption, and the role of
soils management in increasing soil carbon storage have
been studied [7, 8], whether soil is a source or sink is still
a subject of debate [9].
It is therefore imperative to establish an improved
understanding of the processes involved in the C
balance at the ecosystem scale. In most literature,
micrometeorological measurements of the net ecosystem
exchange (NEE) of CO2 around the global flux towers
interpret NEE as biological fluxes, and specifically
defines them as a sum of photosynthetic and respiratory
components [10]. However, some recent publications
highlighted the necessity to include the abiotic flux
components of soil respiration in NEE [11]. Until now,
the mechanisms of abiotic flux components and their
overall importance to overall ecosystem CO2 balance are
still a subject of debate [12]. This is a dilemma: estimates
of the importance deserve a huge effort of the worldwide
scientific communities, but such wide attention and huge
effort are impossible because the mechanisms have finally
been determined.
Our major objective in this study is to present a first
estimate of the gap between observed soil respiration and
its biological components in arid areas that characterize
more than 30% of the Earth’s total land surface.
Additionally, some unresolved issues are highlighted for
future investigation to work out more exact estimates of
the gap.

Materials and Methods
Analyses in this study were based on some theoretical
C balance equations and the output data of an incorporated
model for soil respiration flux for arid ecosystems [1].
Recall that the derivative of the exponential chemical
reaction-temperature equation has been developed as an
incorporative Q10 model [13]:

Fc = Fa + Fx


.
Fa = R10Q10 (T −10)/10

 F = r q pH −7 + λT + µθ + e
S
 x 7 7

(1)

…where Fc is overall soil respiration flux, Fa is soil abiotic
respiration flux, Fx is soil biotic respiration flux, Ta is
surface air temperature, pH is soil alkalinity, and θs is soil
volumetric water content at 5 cm depth in the soil, and the
fitted parameters are λ = 0.0059, µ = 0.0003, r7 = 3.0191,
q7 = 0.7562, e = –2.5081, R10 = 0.3625, and Q10 = 1.5.
This incorporative model divides the database of Fc
into a sum of the dataset of soil biotic respiration flux
(Fa) and the dataset of soil abiotic respiration flux (Fx).
And these two sub-datasets have been further reconciled
as another two sub-datasets: the sub-dataset of soil CO2
effluxes (Fe) and the sub-dataset of soil CO2 influxes (Fi):

Fx + = ( Fx + | Fx |)/2，Fx − = ( Fx − | Fx |)/2 (2)

Fe = Fa + Fx +，Fi = Fx − .

(3)

…where Fx+ and Fx– are two half components of Fx (termed
as the efflux and influx in Fx, respectively, according to the
efflux and influx definitions in [14].
In the present study, the gap between observed soil
respiration flux and its biological components in the arid
regions is defined as the overall importance of Fx. Both the
model (1) and the estimates in [1] are hypothetically have
global implications.

Results and Discussions
Central Asian is a large, typical arid region in the global
land surface area. It occupies almost half of the total arid
Eurasian hinterland and the area is about 34% of global
arid regions (Fig. 1). If the current measurements [1, 13]
represent an average for the Eurasian hinterland, then the
first approach of the regional gap amounts to 1.26 Pg C,
approaching 70% of missing global C-sink; if the current
measurements have global implications and represent an
average for saline-alkali soils of earth’s arid areas, then
the global gap amounts to 1.85 Pg C, approaching the
missing global sink. Consequently, neglecting Fx leads to
ecosystem respiration, which is surely overestimated in
arid regions and may be responsible for the missing sink.
This implies that we must reconcile the balance
equation for the dynamics of atmospheric level (CO2),
which has been widely recognized in previous publications
as

dCO2/dt = C + D + R + O - P - I - S

(4)

…where C and D are CO2 releases from the fossil fuel
combustion and land use change, respectively; P is
photosynthetic CO2 absorption; O and I are oceanic CO2
release and absorption, respectively; S is the organic/
inorganic carbon sequestration in the ocean and terrestrial
ecosystems; and R = Ra + Rr is ecosystem respiration, a
direct sum of autotrophic and heterotrophic respiration
[15-20].
The readings from Xinjiang and Central Asia [1] can
be influential. In the current literature, soil respiration flux
(Fc) is interpreted in the context of an unstated hypothesis
that biological processes largely determine Fc [21].
However, the assumption turned out to be incorrect in arid
and semi-arid systems [9-13, 22]. Considering the gap
between observed soil respiration flux and its biological
components in the arid regions (i.e., taking into account
of the overall importance of Fx), the budget of R in Eq. (4)
should be revised to R = Ra + Rr + Fx.
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Fig. 1. The role of Central Asia in global arid regions.

Decades of measuring atmospheric (CO2) inventory
lists and detailed surface carbon-flux measurements
around the world has revealed that there is more CO2
being released into the atmosphere then predicted from
the increase in measured (CO2) [23]. Although widespread
recognition of the significance of carbon dynamics in
terrestrial ecosystems has been well researched [21,
23], there remains considerable uncertainties as to
the magnitude of the sink in different regions and the
contribution of different processes [5, 6]. Combining
with theory and analyses in the previous publications,
the gap between the biologically produced CO2 “real soil
respiration” (solely interpreted as biological components,
autotrophic and heterotrophic respiration) and actual
measured Fc [24, 25] can further highlight a gap in our
knowledge.
Nevertheless, the geochemical kinetics of soil
abiotic CO2 exchange in arid regions still needs more
detailed understanding (Fig. 2). Future efforts should
focus on uncertainties and matters of controversy on
mechanisms of nonbiological processes [26]. And based

on such efforts, more elaboration of the estimates between
observed soil respiration and its biological components
can be approached. Therefore, further investigations
on the respiration dynamics of these soils are of global
importance to refine the components to the world’s carbon
cycle. To improve our estimates of soil carbon dynamics,
unresolved issues for future investigation include: 1) to
measure the contribution of biological and non-biological
carbon flux in alkaline soils of arid areas, 2) to develop
a model of the environmental drivers that determine the
release and capture rate of CO2 by these soils, and 3) to
model the contributions of these soils to the global carbon
budget.

Conclusions
Although the mechanisms of non-biological processes
involved in soil respiration fluxes are still a matter
of controversy, the first estimate of the gap between
the observed soil respiration fluxes and its biological
components in alkaline soils of global arid areas is very
promising. This built a new approach to the truth of the
mysterious missing carbon sink. It is worth conducting
large-scale investigations and refining the statistical
approach to the gap. To reduce uncertainties in predictions
of future feedback in the coupled carbon-climate system
and in the current global/regional carbon balance, further
improvement of our knowledge on carbon exchange
between the atmosphere and alkaline land is also
essentially necessary.
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