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The global carbon balance is a core issue in climate change
research and a focus of international policy concern [1–3]. The
‘‘missing carbon sink” caused by approximately 1.6–2.0 Pg C a�1

(1 Pg = 1015 g) that is currently unaccounted for, has long plagued
researchers [4,5]. Evidence is mounting those seemingly lifeless
desert ecosystems, whose roles in the global carbon-cycle have
long been neglected, exhibit the unconventional phenomenon of
absorption of atmospheric CO2, sequestering enormous amounts
of CO2 and thereby creating a significant carbon-sink [6–9]. This
scenario appears to help narrow the gap in the missing carbon-
sink. However, this view has been questioned for the inaccurate
carbon sequestration location [10]. The effects of abiotic processes,
such as soil temperature gradient, moisture content, parent mate-
rial, salt/alkali, and pH, on desert CO2 exchange, have gradually
revealed that the phenomenon of a desert carbon-sink is intimately
associated with abiotic processes [11]. Thus far, the main pro-
cesses, whereby, deserts act as carbon-sinks may include the fol-
lowing: (1) variation in the volume of gases caused by changes in
pressure and temperature; (2) changes in solubility of CO2 in soil
water films; (3) pH-mediated CO2 dissolution chemistry; and (4)
surface adhesion of CO2 onto soil minerals [11–13]. In ecosystems
with relatively high productivity, the effects of abiotic processes on
CO2 exchange are often neglected because of strong biological res-
piration. In desert ecosystems, however, the effects of abiotic pro-
cesses on CO2 exchange cannot be ignored, although the CO2 flux is
extremely weak. The effects of abiotic processes are even greater
than the effects of biological processes [11,14]. The latest research
indicates that the absorbed CO2 gradually, enters the desert
groundwater layer by the process of leaching, and eventually con-
verge in the underground saline water layer under the vast desert
with the groundwater movement. This process is similar to the
inorganic carbon sinks in the ocean [9].

The Taklimakan Desert (TD) is the world’s second-largest shift-
ing desert and plays a vital role in the carbon-sink properties of
desert ecosystems. Benefit by the abundant saline-alkali ground-
water and extensive salinization, the TD has a huge carbon storage
capacity. However, there is uncertainty regarding the magnitude of
the contribution made by each internal process towards the TD
carbon-sink; and how these processes will respond to climate
change.

The TD land surface mainly consists of continuous shifting sand
cover, which shows the high homogeneity of this desert. Therefore,
the hinterland of the TD can be considered the most representative
research area in this desert. In the hinterland of the TD, through a
combination of partitioning (dealkalization/desalination, steriliza-
tion, and drying) and temperature-controlled experiments, we
found that the contribution of various shifting sand components
to the total CO2 flux in the shifting sand is strongly linked to soil
temperature. The soil temperature difference between depths of
0 and 10 cm and the rate of soil temperature change at a depth
of 10 cm are the two main factors driving CO2 exchange in the
shifting sand. Besides, we obtained the contribution of the CO2

fluxes of various components in the TD shifting sand (Fig. 1a).
Comparing demonstrate that the expansion/contraction of soil air
containing CO2 caused by heat fluctuation in shifting sand provides
an unexpectedly strong contribution towards total CO2 exchange.
This long-hidden process in combination with salts/alkali
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Fig. 1. Contributions of various shifting sand components to the daily dynamic of the total CO2 flux in Tazhong shifting sand of the TD. (a) The diurnal contributions of various
shifting sand components are shown for Rsand, Rmoisture, Rsalt/alkali, and Rmicrobe, respectively. Error bars represent standard deviations. (b) Overview of various processes of CO2

exchange in the TD shifting sand. During the day, the surface temperature of shifting sand rapidly increases from sunrise, and heat is gradually transmitted to the lower layers
of shifting sand. CO2 in the pores between the sand particles expands due to this transmitted heat, resulting in CO2 being released to the atmosphere. As the soil temperature
increases and moisture evaporates, CO2 in the water film of the sand is gradually released into the atmosphere. The chemical action of salts/alkalis promotes atmospheric CO2

absorption. Microbes cause the release of CO2 into the atmosphere through decomposition. In the night, the previously heated shifting sand experiences a rapid temperature
reduction, and the expanded soil air in shifting sand pores also rapidly contracts. This process causes CO2 to enter the shifting sand. Increased moisture on the surface of
shifting sand causes CO2 to dissolve in the sand water film. The chemical action of salts/alkalis promotes CO2 release into the atmosphere. The contribution of microbes is
similar to but weaker than that during the day.
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chemistry dominates the release and absorption, respectively, of
CO2 in shifting sand (Fig. 1b).

Through the close relationships between CO2 flux and soil tem-
perature, combined with historical soil temperature data in the
study area at 0 and 10 cm every hour between 2004 and 2017,
we estimated the total amount of CO2 exchange per year in the
TD shifting sand (Fig. 2). An average of 6.71 � 106 t of CO2 per year
was released to the atmosphere through the physical process of
thermal expansion of soil air containing CO2 in the TD shifting sand
during 2004–2017. Besides, the combined action of the remaining
components (salt/alkali + moisture + microbes) led the TD shifting
sand to absorb atmospheric CO2, with an average absorption rate of
8.31 � 106 t a�1 during 2004–2017. These release and absorption
Fig. 2. Temporal variation in the total amount of CO2 exchange per year for 2004–
2017 in the TD shifting sand.
processes together caused the surface of the TD shifting sand to
exhibit a clear and stable carbon-sink effect, with an annual
carbon-sink rate of 1.60 � 106 t a�1 for 2004–2017. The absorbed
CO2 gradually, enters the groundwater layer by the process of
leaching, and eventually converge in the underground saline water
layer under the vast desert with the groundwater movement. This
process is similar to the inorganic carbon sinks in the ocean [7,9].
The TD shifting sand presents huge potential carbon storage capac-
ity, which attributed to the combined effects including about 8 tril-
lion cubic meters of groundwater in the TD and the extensive
salinization caused by intense evaporation. The TD shifting sand
represents only a small percentage (~0.747%) of global desert areas.
If all global deserts are considered, and the Taklimakan readings
represent an average uptake state, then the global shifting desert
maybe sequesters ~2.125 � 108 t of CO2 per year. Therefore, the
status of desert ecosystems in the global carbon cycle cannot be
arbitrarily ignored. Although this cannot completely resolve the
problem of the ‘‘missing carbon sink”, at least it can help to narrow
the gap in the ‘‘missing carbon sink”. However, the total amount of
CO2 released through the thermal expansion of soil air containing
CO2 increased between 2004 and 2017, at a greater rate than that
of CO2 absorption, pumping more CO2 into the atmosphere. This
process eventually, caused an annually weakening trend in the
carbon-sink effect of the TD shifting sand.

Desert ecosystems, seemingly lifeless and long-neglected, have
quietly played an important role in the global carbon cycle. Our
findings will help in accurately identifying the effects and status
of the TD on the global carbon cycle. As an example of the role
played by deserts, however, a gradual reduction in the carbon-
sink properties of the TD shifting sand will place more urgent
demands on future responses to climate change.
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