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Figure 1 The average climatic factors of alpine shrubland in the growing season from 2003 to 2016. (a) Monthly air temperature (7,, °C), soil
temperature (7, °C), and aggregated growing season degree day (GDD, °C d); (b) photosynthetic photon flux density (PPFD, pmol m™ s_]) and
precipitation (PPT, mm); (c) vapor pressure deficit (VPD, kPa) and soil water content (SWC, cm’ cm_s)
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Figure 3 The relationship between monthly GPP and monthly Re (a), the relationship between monthly GPP and monthly NEE (b), and the
relationship between monthly Re and monthly NEE (c) of alpine shrubland in the growing season for the period 2003-2016
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Figure 4 The annual CO, fluxes of alpine shrubland in the growing season for the period 2003—-2016
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MR, TXFHRelMfikE 1 051.8%, TE6H TAIZEIH
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Figure 5 Regression trees for monthly GPP (a), Re (b) and NEE (c) (g C m’ monthfl) from environmental variables of alpine shrubland in the

growing season (May—September)
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Table 1 Linear regressions between monthly CO, fluxes and environmental variables of alpine shrubland in the growing season (May—September)
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Figure 6 Linear regressions between seasonal CO, fluxes and SWC (a), and linear regressions between seasonal CO, fluxes and GDD (b)
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Interannual characteristics and driving mechanism of CO,
fluxes in alpine shrubland ecosystem during growing
season at the southern foot of Qilian Mountains
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It is speculated that the cold and relatively humid climate in alpine ecosystems can facilitate the storage of soil carbon.
Besides, these ecosystems play an important role in the carbon cycle on a global scale. Alpine ecosystems are also
considered highly sensitive to the ongoing trend of global warming and are coupled with the local climate system through
various forms of feedback. In some recent short-term observational studies, it has been suggested that the role of alpine
ecosystems can vary between carbon sink, carbon neutrality and carbon source, with significant interannual variability as
well as confounding abiotic and biotic effects manifested. However, their long-term carbon balance remains unclear due to
the non-linear metabolism processes and the plasticity responses of ecosystem to climate variability. The informed
knowledge about the inter-annual variations in ground-based carbon fluxes for such ecosystems can be applied to assist our
predictions of their potential responses to climate change. Here, we analyzed the continuous net ecosystem CO, exchange
(NEE) measured with the eddy covariance technique over alpine shrubland on the northeastern Qinghai-Tibet Plateau
(QTP) during the growing season (May—September) from 2003 to 2016. The purpose of this research is two-fold. On the
one hand, it is aimed to reveal the pattern of changes in CO, fluxes (gross primary production (GPP), ecosystem respiration
(Re), and NEE) during the growing season. On the other hand, it is purposed to identify the environmental drivers for the
change in seasonal and annual CO, fluxes. According to the research results, monthly GPP and Re exhibited a single peak
that increased and then decreased, whereas monthly NEE showed a V-shaped curve during the growing season from 2003
to 2016. With the alpine shrubland ecosystem as a carbon sink during the growing season, the annual NEE, GPP, and Re
reached —143.8+£30.5, 509.0+£65.1, and 365.2+34.6 g C m’, respectively. Moreover, the annual GPP and Re in alpine
shrubland during the growing season showed a significant increase (P<0.05), while the annual NEE showed no significant
changes annually (P>0.05). At the monthly scale, the classification and regression trees (CART) analysis showed that
aggregated growing season degree days (GDD) were the predominant determinant on variations in monthly NEE and
monthly GPP. The changes in monthly Re were determined largely by soil temperature (7). In addition, the linear
regression analysis was also carried out to show that the thermal conditions (GDD, T,, T;) in the growing season of the
alpine shrub played a crucial role in the dynamics of CO, fluxes. On an annual basis, the CO, fluxes in the growing season
were affected mainly by soil water content (SWC) and GDD. Moreover, there was a significant positive correlation
observed between seasonal GPP and GDD (P<0.05) and a significant negative correlation found between seasonal NEE
and GDD (P<0.05), despite no significant correlation discovered between seasonal GDD and Re (P<0.05). It indicates a
greater sensitivity of GPP to temperature as compared to Re in the alpine shrub ecosystem during the growing season.

Qinghai-Tibet Plateau, alpine shrubland, CO, fluxes, growing season, driving mechanism
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