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The central 
challenge for 
humanity is to meet 
the human needs 
from ecosystems 
while sustaining  the 
Earth’s life support 
systems.  



Management of ES in 
mountain regions 
must confront the 
challenges of spatial 
and temporal 
heterogeneity



Importance of  Mountains 

• 27% of the earth's surface

• 15% of the world's population (±1.1 billion)

• 60-80% of the world's freshwater

• 25% of terrestrial biodiversity

• 15-20% of global tourism

• 1 in 2 of rural mountain people face hunger and malnutrition



Importance of  
Mountains 

• ESs in mountain areas, it was 
found that ESs in mountain 
areas were more valuable 
than those in other areas

• The special geographical 
location of mountain 
provides more ESs than other 
ecosystems, such as net 
primary production, 
biodiversity, freshwater 
resources, clean air, aesthetic 
value.



Importance of  
Mountains 

• Mountainous areas are rich in 
biodiversity and high value of 
ecosystem productivity. 

• The environmental gradient of 
mountain area is affected by the 
change of altitude and 
topography, which leads to 
obvious differences in water, soil 
and climate. 

• The environmental 
characteristics of mountainous 
areas have obvious vertical and 
horizontal spatial heterogeneity. 



Complexity of  mountains

• Unpredictable climate  

• Great cultural diversity 

• Long history of human use 

• 24% of the world's 
languages 

• Zones of "high" and "low" 
productivity (patches) 

• Communal and individual 
land tenure systems 

• Agricultural and livestock 
production



Trade-off analysis of 
ecosystem services can 
help to identify optimal 
decision points to 
balance the costs and 
benefits of the diverse 
human uses of 
ecosystems.



Trade off between 
economic output and 
environmental 
protection

• Trade off between 
economic output and 
environmental protection 
is a very controversial 
topic.

• How to choose the 
equilibrium point where 
we can go into the 
economic efficency and 
environmental protection.



Trade off between economic output and environmental 
protection is a controversial topic 
. 

What is the best point to 

choose?
economic 
output 

environmental protection



Trade off between 
ES

• Mountain ecosystems 
provide a variety of 
important ecosystem 
services (ESs) to 
humanity; however, 
the variation in 
multiple mountain ESs 
and the trade-off 
relationships among 
mountain ESs remain 
largely unknown.



Trade off between 
different ES 

• Trade-offs between 
different ES are an 
important aspect in the 
assessment of future 
sustainable land-use

• Mountain regions because 
of their small-scale 
landscape structure and 
topographical barriers do 
not allow for a full 
consideration of economies 
of scale in the production 
process



Specific  trade-offs and 
synergies between 
ecosystem services

• Consideration of such positive 
and negative interactions 
between ecosystem services is 
thus crucial for landscape 
planning to avoid costly 
negative trade-offs and 
promote multifunctionality



Trade Offs between 
ES

• Trade-offs and synergies 
between ES can result from 
common drivers impacting 
multiple ES and from 
interactions among ES.

• Tradeoffs between ES 
emerge in situations in 
which one service increases 
at the cost of another ES.

• The reverse of trade-offs 
are synergies, which can be 
defined as situations in 
which both services either 
increase or decrease.
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ES and agriculture 
Trade Offs

• MA (2005) notes that by 
1990, 35% of the Earth's 
land surface was being 
used for agriculture.

• Under the MA (2005) 
scenarios, the projected 
demand for food crops 
could grow by 70%–85% 
in the next five decades, 
with a global water 
demand increasing by 
30%–85%



ES and agriculture 
Trade Offs

• Agricultural systems 
constitute a source of 
provisioning, regulating, and 
cultural services ecosystem 
services (ES), while at the 
same time depend highly on 
them in order to function.

• Certain agricultural 
management practices 
greatly impact service-
producing ecosystems, as in 
the case of intensive farming 
or intensified food 
production



ES and agriculture 
Trade Offs 

• Given the high 
interdependence of 
global food security and 
numerous ES, it is critical 
to develop a deeper 
understanding of their 
relations.

• The global challenge of 
food security raises the 
question of how to 
sustain various 
interconnected ES



ES and agriculture 
Trade Offs 

• Given the high 
interdependence of 
global food security and 
numerous ES, it is critical 
to develop a deeper 
understanding of their 
relations.

• The global challenge of 
food security raises the 
question of how to 
sustain various 
interconnected ES



Mountain wetlands 
/peatlands

• Mountain wetlands provide 
many benefits, such as high 
quality habitat, nutrient 
sinks and transformations, 
carbon and water storage, 
and grazing. 

• Wetlands in mountainous 
regions are susceptible to 
even minor hydrological 
disturbances that can cause 
them to deteriorate. 

• Glacier loss is a threat to 
the sustainability of 
mountain wetlands.
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Verticality, as an essential characteristic of 
mountains. Management of mountain 
ecosystem effects goes beyond the 
mountains and vice versa.



Ecological restoration is
becoming increasingly
important in addressing
the global crisis of
ecosystem degradation

There is a need of
incorporation of
ecosystem service supply
and tradeoff analysis in
future ecological
restoration projects to
reverse the declining
trends of ecosystem
services across the globe.

Ecological restoration 



Need for a paradigm shift 

• Many emission
reduction plans are
based on avoiding
deforestation or other
anthropogenic actions.

• There are no climate-
specific financial
mechanisms and
instruments to finance
non-anthropic causes of
ecosystem degradation
(such as glacier melt).
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• Ecological restoration is becoming increasingly important and has been declared the theme of the decade of 2021 to 2030 by the United Nations to prevent, halt and reserve loss 
of nature 

• Ecological restoration is becoming increasingly important in addressing the global crisis of ecosystem degradation

• incorporation of ecosystem service supply and tradeoff analysis in future ecological restoration projects to reverse the declining trends of ecosystem services across the globe.

• the full incorporation of ecosystem services in landscape-scale restoration projects is still greatly lacking

• wo questions: 1) How would multiple ecosystem service supply capabilities and their tradeoffs change after ecological restoration; 2) How can multiple ecosystem service supply 
capabilities be maximized while minimizing their tradeoffs

• • Ecological restoration should consider both effects on ecosystem service supply and trade-offs.

• • ecosystem services supply and trade-offs can be analyzed under  restoration scenarios to ensure higher service supply improvements and lower trade-off intensities.
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