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Climate Change Research

• Focused on change detection and impacts, but 

“actionable knowledge” is needed for actions!
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Patterns of Climate Change: 
Trends, Means, High/Low (or 

Max/Min), Extreme events, and Scale
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Patterns of Climate Change: 
Trends, Means, High/Low (or 

Max/Min), Extreme events, and Scale

Lan (2007)
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Spatial heterogeneity of climate change and idiosyncratic 

responses at different levels of ecological organization: 
individuals – Populations/Species– Communities/Ecosystems –

Landscapes – Regions – Continents – the Globe
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Climate Change Research

• Ecological studies of climate change have focused 

mainly on the responses of individuals, species, 

and ecosystems …???… regions and the globe.
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Climate change in IMAR

Climate envelop approach

• Range shifts most likely 

involve individual 

species or populations, 

instead of the entire 

ecosystems

• These range shifts of 

species are determined 

primarily by species 

traits (colonization 

abilities) and landscape 

pattern.
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• Climate change take 

place in landscapes.

• Both ecosystems and 

landscapes are spatially 

heterogeneous.

• Species live and interact 

with each other in 

landscapes.

• Ecosystems reside and 

interact with each other 

in landscapes.

• Humans live and do their 

things in landscapes.
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Why beyond the ecosystem approach?
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1. Ecological systems usually are spatially nested hierarchies.

2. Dynamics of a given ecological system can be derived from the 

dynamics of patches at adjacent hierarchical levels.  

3. Pattern and process are related and scale dependent. 

4. Nonequilibrium and stochastic processes are common and 

important in ecological systems (not to be “smoothed out”!).  

5. (Meta)stability of ecological systems is often achieved through 

hierarchical/scale linkages (spatial and temporal incorporation).

(Wu & Loucks 1995; Wu & Levin 1994, 1997; Wu 1999, Wu and David 2002)

Wu, J. and O. L. Loucks. 1995. From balance-of-nature to hierarchical patch 

dynamics: A paradigm shift in ecology. Quarterly Review of Biology 70:439-466.

Elements of Hierarchical Patch Dynamics Paradigm
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Climate Change Research
Opdam et al. (2009) – 3 major methodological problems” with 

ecological studies of climate change:

1. Majority of ecological studies focus on IMPACTS of 

climate change on biodiversity, ecosystems, and land use 

rather than ADAPTATION AND MITIGATION.

2. Most “impact studies” lack of explicit consideration of 

spatial patterns, pattern-process interactions, and scale 

dependencies. 

3. Most “impact studies” are narrow in scope – lacking 

social and planning perspectives.
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Climate Change Research

Heller and Zavaleta (2009):

• Ecological studies usually provide general 

recommendations that are difficult to operationalize.

• Most ecological studies neglect social and economic 

processes.

• A holistic landscape ecological approach is gaining 

impetus.
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A holistic landscape ecological approach is 

gaining impetus.

	

Opdam et al. 

(2009)
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But not enough …
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To make produce “actionable climate change 

knowledge” (Meinke et al. 2006), ecological 

studies of climate change must explicitly 

consider landscape pattern because actions of 

climate mitigation and adaptation frequently 

involve changing landscape composition and 

configuration (Opdam et al. 2009).
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Tress and Tress (2001)

Wu (2011)
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Evolving Concepts of Landscape Ecology

Risser, P. J. Karr, and R. Forman (1984):

• “Landscape ecology is not a distinct discipline or simply a 

branch of ecology, but rather is the synthetic intersection of 

many related disciplines that focus on the spatial-temporal 

pattern of the landscape”.

Risser P.G., Karr J.R. and Forman R.T.T. 1984. Landscape Ecology: Directions and 

Approaches. Illinois Natural History Survey Special Publ. 2, Champaign.
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LANDSCAPE ECOLOGY AS AN INTERDISCIPLINARY 

AND TRANSDISCIPLINARY SCIENCE

Wu and Hobbs (2007):

• The integration of science and art of studying and 

influencing the relationship between spatial pattern 

and ecological as well socioeconomic processes on 

multiple scales.

Wu J. and Hobbs R. 2007. Landscape ecology: The-state-of-the-science. In Wu J. and 

Hobbs R. (eds.), Key Topics in Landscape Ecology, pp. 271-287. Cambridge University 

Press, Cambridge, UK.
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Sustainability 

of Landscapes 

|

|

|

|

Ecology of 

Landscapes

|

|

|

|

Ecology in 

Landscapes

Example research topics

Landscape sustainability

• Sustainability science 

• Holistic landsc ecology

• Sustainable land architecture

• Land change science (LCS)

Pattern-process relationships

• Landsc pattern and conserv

• Landsc pattern & ecosystems

• Landsc pattern & pop/species

• Behavioral landsc ecology

• Landscape genetics

• Landscape epidemiology

• Soundscape ecology 

Pattern/process in landscapes

• Non-spatial ecological 

studies at the landscape scale

• Landscape-scale 

characterization of ecological 

patterns and processes

A Hierarchical Pluralistic Framework for Landscape Ecology and Sustainability Science (Wu 2006)
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1. Ecological flows in landscape mosaics

2. Causes, processes, and consequences of land use and land 

cover change

3. Nonlinear dynamics and landscape complexity 

4. Scaling

5. Methodological development

6. Relating landscape metrics to ecological processes

7. Integrating humans and their activities into landscape ecology

8. Optimization of landscape pattern

9. Landscape conservation and sustainability

10. Data acquisition and accuracy assessment

Top 10 Research Topics
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• Place/picture friendly – locations and spatial pattern

• Human friendly – humanistic

• “Disturbance” friendly – “disturbances are major determinants 
of landscape pattern and key drivers of landscape change

• Interdisciplinarity friendly – pluralism in origin, methodology, 
and objectives

• Designer/planner/decision maker friendly – the landscape scale 
is where ecological, environmental, and social processes meet.

Key Differences Between Landscape Ecology and Other 

“Ecologies”
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• Explicitly consider spatial heterogeneity

• Land use and land cover change

• Scale multiplicity

The Essence of a Landscape Ecological Approach
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“Actionable” climate change research needs to 

consider land use and land cover change.
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Landscape heterogeneity / pattern-process interactions / 

hierarchical linkages between scales

Landscape ecological methods

– Landscape-scale observations

– GIS/Remote sensing

– Spatial pattern analysis

– Spatial modeling
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Scaling ladder

第
六
届
现
代
生
态
学
讲
座
 

 
 
 
第
六
届
现
代
生
态
学
讲
座



Hierarchy and Scaling (Wu 1999)
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Some landscape ecological topics in relation to 

climate change

• Land use and land cover change and climate change

• Interactions between habitat fragmentation and climate change

• E.g., How to ameliorate climate change impacts on biodiversity in 

fragmented landscapes? 

• Landscape genetics

• Increased invasions of exotic species that are adapted to warmer 

climate conditions

• “Spatial resilience” to climate change

• Landscape mitigation and adaptation to climate change

• Scaling (climate change and impacts) across landscapes
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Some Frameworks for Landscape-Scale 

Climate Change Research第
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OUTLINE

	

Opdam et al. (2009)

第
六
届
现
代
生
态
学
讲
座
 

 
 
 
第
六
届
现
代
生
态
学
讲
座



OUTLINE

	

Dale et al. (2011)
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Climate change + LUCC + Energy
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Vos et al (2008) 

suggested two spatial 

adaptation strategies: 

(1) to increase the 

connectivity between 

ecosystem networks on 

a large spatial scale, 

and 

(2) to increase the area 

and density of 

ecosystem networks in 

regions where 

dispersal sources are 

small and widely 

dispersed.
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CONCLUDING REMARKS
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Thank You
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The number of published pages per year and impact factor of 

Landscape Ecology

• #pages (2010): 1560

• #issues: 10 since 2007

• IMPACT FACTOR: 3.293 (2009)

• Rank 7 of 31 in subject category 

Geography

• Rank 24 of 143 in subject 

category Geosciences, 

interdisciplinary
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