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the sensitivity and adaptability of productivity to climatic changes. In this study, a method was developed to quantify the
sensitivity, adaptability and vulnerability for alpine ecosystems. The method respectively quantified the vulnerability,
sensitivity and adaptability of ecosystems through the remote sensing-based actual net primary productivity (NPP,) and the
climate-driven potential net primary productivity (NPP.) over Qinghai province from 1982 to 2018. Then the spatial and
temporal changes were explored in ecosystem vulnerability and the underlying mechanisms were analyzed in the terms of the
effects from human activities and climate change respectively. The results showed that; (1) the NPP,- and NPP.-based
vulnerability of the ecosystems showed a spatial pattern as moderately vulnerable, vulnerability increases from southeast to
northwest in descending order from not vulnerable to exiremely vulnerable. (2) Cropland had lower vulnerability with the
NPP - and NPP - based index of —1.31 and —0.93, due to its higher adaptation level and lower sensitivity level, followed
by forest with the index of —1.18 (NPP.) and —1.06 (NPP), and grassland with the index of —0.17 (NPP;) and -0.17
(NPP.), while desert had higher vulnerability level with the index of 0.77 (NPP,) and 0.78 (NPP_), due to higher
sensitivity level and lower adaptation level. (3) The NPP-based vulnerability of alpine grassland was found having the two
thresholds (=2.2+0.8) °C and (5.5£0.8) °C of temperature, the one precipitation threshold (387+45.6) mm, therefore the
two aridity index thresholds of (78.2+20.2) and (14.2 + 20.2). And the same thresholds were found for the NPP .-based
vulnerability, which has the similar value as the NPP-based vulnerability. The thresholds indicate that under optimal
climate conditions, ecosystems will have higher adaptation and lower sensitivity, that is, lower vulnerability. But it will be
higher vulnerability if temperatures are very cold or very warm, or the precipitation are very low. (4) The human activities
exert strong impact on the vulnerability of the ecosystems over the eastern regions though the impacts were smaller in the
term of the regional average for the ecosystems in whole province. This study demonstrated that vulnerability is spatially vary
but dependent on climate condition in alpine fragile ecosystems, which should be considered as a theoretical fundament in
the decision-making on ecological protection. Further the thresholds found in this study would provide a case study in

ecosystem ecology and should be widely explored over the fragile ecosystems worldwide.
Key Words; Net Primary Productivity; ecological vulnerability; climate change; human activities; vulnerability threshold
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Fig.3 Interannual variability of NPP, precipitation and temperature in Qinghai Province during 1982 to 2018
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Table 1 The area percentage of the sensitivity grades of the ecosystems in Qinghai Province from 1982 to 2018

UL U T R o B o BE UK R AUk
Sensitivity levels Insensitive Mildly sensitive Moderately sensitive Severe sensitivity Extremely sensitive
Sk 20.10 20.07 20.04 19.98 19.80
Se 18.54 17.31 19.32 23.38 21.46

Sg : 3T NPP FIHUIEAE NPP-based sensitivity; S, : 3 F NPP AUBUENE NPP-based sensitivity

F2 19822018 FHEBHEDRREENERRAERER G/ %
Table 2 The area percentage of the adaptability grades of the ecosystems in Qinghai Province from 1982 to 2018

Jof PSR T NP T o PR e S 3 M T MR AR T PR
Adaptability levels Extremely adaptable Highly adaptable Moderately adaptable Less adaptable Low adaptable
Ag 29.37 12.36 14.89 16.91 26.47
A 28.25 10.57 13.89 18.77 28.53

Ay ET NPP, FiA) 38 NPP -based adaptation ;A FET NPPCE/‘]@@‘@ NPP .-based adaptation

£3 1922018 FEBLHESRERBUERDERER SLL/ %
Table 3 The area percentage of the vulnerability grades of the ecosystems in Qinghai Province from 1982 to 2018

WE 55 1 A9 AN 55 BENMEES R 55 GigLy) s e e 55
Vulnerability levels Not vulnerable Mildly vulnerable Moderately vulnerable Severe vulnerable Extremely vulnerable
Vi 31.32 9.58 10.73 11.63 36.74
Ve 33.75 9.51 10.88 11.77 34.09

Vi : 3T NPP, i 554 NPPy -based vulnerability; V. : 3&F NPP [WHE55 14 NPP.-based vulnerability
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