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Afforestation and reforestation projects In the karst reglons of southwest China aim to combat desartification and Improve the
ecological environment. However, It remains unclear at what scale conservation efforts have impacted on carbon stocks and it
wegetation regrowth occurs at a large spatial scale as intended. Here we use satellite time series data and show a widespread
Increase in lear area index (a proxy Tor green vegetation cover), and aboveground blomass carbon, which contrasted negative
trends found In the absence of anthropogenic influence as simulated by an ecosystem model. In spite of drought conditions,

nd blomass carbon increased by 9% (+0.05 Pg C y—'), mainky in areas of high conservation erfort. We conclude that
large scale conservation projects can contribute to a greening Earth with positive effects on carbon sequestration to mitigate
chimate change. At the reglonal scale, such ecological engineering projects may reduce risks of desertitication by Increasing the
wegetation cover and reducing the ecosystem sensitivity to ciimate perturbations.

Earth’s Future

Earth's vegetation and ecosystems have been in the spotlighs

of science in the past decades' . With increasing climate vari-
ahility and more frequent occurrences of extreme events expectsd
in the future’, research has targeted the sensitivity of ecosystems™.
At the same time, recent studies have shown globally increasing
leaf area index (LAL; a proxy for green vegetation cover]', and
ahow:grnuml hiomass carben ( ARC)", also known as the greening:
Earth'™. Dynamic vegetation models ‘and Farth abservation stud-
ies reveal cimatic and atmaspheric changes as the main drivers of
large scale increases in LAI'. On the contrary, the anthropogenic
footprint is wsually found to cause land degradation and deforesta-
tion ", and only a few studies find a direct positive nﬂ'r:n:ldl'mnn.
agement om vegetation cover and hiomass trends™'“" Although
ecalogical conservation projects aim at L'n:n':asl:ng, hondlwnlq
carbon sequestration and vegetation cover'™", the success of such
conservation efforts is not easily quantifiable, and the spatial foot-
print of projects is not always commensurable with contemporary
satellite- and modelling-based monitoring methods. Adaptation
and mitigation strategies to climate change should be anchared in
knowledge om how ecosystems respond to climatic and anthropa-
genic distarbances, but at present & is not known whether conser-
vatiom projects impact on the ahility of vegetation to alleviate the
efects of dimate change at large scales.

China’s ecological restoration projects (for example, the Natural
Farest Protection Project, the Grain to Green Project, and the Kars
Rocky Desertification Restoration Project) are considered ‘mega-
engineering’ activities and the most ambitious afforestation and
conservation projectsin human history'* *. The highly sensitive and

Th& impacts of climate change and anthropogenic activities on

vulnemble karst ecosystem in southwest China is one of the hogest
expased carbonate rock areas {more than 054 million km®) in the
warld. This area hosts 220 million. people™ and has been selected
25 2 majar target af restoration projects. Descriptions as eary as the
seventeenth century reported the rocky karst mountains as an area
af sparse forest or vegetation cover”, and accelerating desertifica-
tion has been reported during the pﬂsl]mLf century, cansed by the
increasing intensity of human exploitation of natural resparces™ .
As a result, approximately 013 million km? of karst areas previ-
ausly covered by vegetation and soil were turmed into a rodoy land -
scape. To combat this severe form of land degradation and to relieve
poverty, more than 130 billion yuan {19 billion USD) have been
invested in mitigation inititives since the end of the 1980s™. The
largest programme implemented, the Grain to Green Project, affers
grain, cash and free seedlings as compensation for marl houssholds
to re-establish forests, shrob andior grassland®’. The costs of eco-
logical engineering projects as a climate change mitigation measure
are however only justified f ecosystem properties can be affectsd at
large scales. If such aforestation projects are to be considered sue-
cessful, a large-scale improvement in vegetation cover and carhan
sequestration is reguired with a dear relation to the spatial extent
af areas selectsd for conservation projects. If evidence of such large.
scale projects can be found, we further expect these increases to be
independent from climate trends.

Results

Shifts in satellite time series coincided with conservation p
implementation. LAI from GIMMS-3g" (1982 to 2015) as well
as ABC derived from vegetation optical depth (VOD)! (1592
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Study Area
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Methods
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Long-term land
use change in the
Gabin Basin

Land use data

Characteristics of
degradation and
restoration

Degradation (Restoration):
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Loss (Expansion) of
woodland, grassland and
water bodies.
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Farmland
B Woodland
Grassland
Water bodies
I Built-up land
Unused land
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The restoration area is greater than the degraded area at each stage
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v" Regional water yield has obvious spatial
and temporal characteristics.

v Water yield showed different in different
periods.
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DisScussion

Ecological function zoning based on water
yield

1) Low water yield region
2) High water yield region
3) Middle water yield region

Implication

= 1) Well vegetated through restoration
I Middle

. g 2) Strengthen the prevention of erosion

AT Tlses 3) Moderate urbanization
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Conclusion

v’ The Restoration area is greater than the area of degradation in the
Karst Gabin Basin after long term vegetation restoration.

v Regional water yield has obvious spatial and temporal
characteristics.

v Three ecological function zone were divided based on water yield.
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