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Why connectivity?

Collection of outreach material for BSc and MSc students
studying environmental sciences, geography, hydrology, 
geomorphology, environmental engineering to understand
the latest concepts on how to understand, monitor, model
and manage landscapes.

Based on the joint work, keynote presentations, research and
outreach activities of the Connecteur EU Cost Action ES 1306 
(2013-2018).

Please always state the references as listed on the individual 
slides if you intend to use.



Content

• Importance of connectivity
• Formal definition
• Examples for ecological, hydrological and geomorphological

connectivity
• Structural versus Functional connectivity



Why is it important?
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Source: WG 5: Connectivity & 
Society. Connecteur Internet 
resources at www. 
Connecteur.info



Connectivity and disciplines

Hydrological connectivity
• Catchment hydrology: runoff patterns, movement of water or

poluutants through the landscape or between different landscape
components

• Hydrologically relevant spatial patterns of properties (e.g. high 
permeability) or state variables (e.g. moisture), resource availability, 
pollutant distribution on top of/in soil

Sediment, geomorphological or landscape connectivity
• Soil erosion by water
• Transfer of sediment from a source to a sink
• Sediment transport in river channels
• Aeolian processes

Ecological connectivity and fragmentation
• Species mobility
• Fire propagation



Formal definition of connectivity

“Connectivity is the degree to which a system  facilitates the 
movement of matter and energy  through itself.  It is an 
emergent property of the  system state.  

Structural connectivity derives from the system’s anatomy.  
Functional  connectivity is inferred from the system’s  process 
dynamics.”

WG 1, Connecteur, 2015

Source: WG 1: Connectivity and Theory. Connecteur Internet resources at www. Connecteur.info



Ecological fragmentation and connectivity



Ecological fragmentation and connectivity



Hydrological connectivity
Channel coupling

Bracken, L. J. and Croke, J. (2007), The concept of hydrological connectivity and its 
contribution to understanding runoff-dominated geomorphic systems. Hydrol. Process., 
21: 1749–1763. doi:10.1002/hyp.6313



Hydrologically relevant spatial patterns
Saturated areas and runoff production

Bracken, L. J. and Croke, J. (2007), The concept of hydrological connectivity and its 
contribution to understanding runoff-dominated geomorphic systems. Hydrol. Process., 
21: 1749–1763. doi:10.1002/hyp.6313



Hydrologically relevant spatial patterns
Response areas and timing

Bracken, L. J. and Croke, J. (2007), The concept of hydrological 
connectivity and its contribution to understanding runoff-
dominated geomorphic systems. Hydrol. Process., 21: 1749–
1763. doi:10.1002/hyp.6313



Source: Fryirs, K., Brierley, G. J., Preston, N. J. and Kasai, M. 
2007 (a). Buffers, barriers and blankets: The 
(dis)connectivity of catchment-scale sediment cascades. 
Catena, 70, 49-67.

Concept   of   landform   impediments, that  
impede  sediment  conveyance  by  limiting  
the  connectivity  between   landscape  
compartments :
• Buffers restrict   sediment  delivery  to  

channels
• Barriers inhibit sediment movement along 

channels
• Blankets drape channel or floodplain  

surfaces affecting the accessibility of 
sediment  to entrainment. 

These features operate  as a series of switches 
which turn on/off processes of sediment 
delivery, determining  the  effective  catchment  
area  at  any  given  time. 

Geomorphological connectivity
Catchment-scale sediment cascades



Geomorphological connectivity
Catchment-scale sediment cascades

The area directly connected to the conveyor belt (switches turned on) various over 
different timeframes or under various flow conditions 
Source: Fryirs, K., Brierley, G. J., Preston, N. J. and Kasai, M. 2007 (a). Buffers, barriers and blankets: The 
(dis)connectivity of catchment-scale sediment cascades. Catena, 70, 49-67.



Fryirs, K., Brierley, G. J., Preston, N. J. and Spencer, J. 2007 (b). Catchment-scale (dis)connectivity in sediment flux in the 
upper Hunter catchment, New South Wales, Australia. Geomorphology, 84, 297-316.

• Highly disconnected system
• Various forms of buffers

• Highly connected system
• Lower distribution of 

impediments



Fryirs, K., Brierley, G. J., Preston, N. J. and Spencer, J. 2007 (b). Catchment-scale (dis)connectivity in sediment flux in the 
upper Hunter catchment, New South Wales, Australia. Geomorphology, 84, 297-316.

• Highly disconnected system
• Various forms of buffers

• Highly connected system
• Lower distribution of 

impediments



Structural and functional connectivity

Structural connectivity: 
Spatial patterns in the landscape, such as the spatial  distribution 
of landscape units which influence water transfer patterns and 
flow paths.  

Functional connectivity: 
The way how these spatial patterns interact with catchment  
processes to produce runoff, connected flow and hence water 
transfer in catchments 



Structural and function connectivity

Structure (network architecture) 
 Level of spatial connectivity 
 Derives from the system’s anatomy 

Function (dynamical processes) 
 Nature and configuration of dynamical processes
 Inferred from the system’s dynamical processes

Often studied separately 
Logistical and mathematical challenges of dealing with  them 
simultaneously
Structure always affects function ( Strogatz , 2001), and  function 
often affects structure

Source: WG 1: Connectivity & Theory. Connecteur Internet resources at www. Connecteur.info



WHY measure connectivity

• Essential way to fully understand the functioning of
landscapes and catchments, pathways and scaling issues

• Essential way to be able to manage landscapes in a 
sustainable manner



How to measure connectivity

Integrated measurements of:
A. Structures
B. Fluxes
C. Connections between sources and sinks

(via physical tracing of water or matter)



How to measure connectivity

Integrated measurements of:
• Structures
• Fluxes
• Connections between sources and sinks

(via physical tracing of water or matter)

Source: WG 2: Connectivity and Measuring. Connecteur Internet resources at www. Connecteur.info



How to measure connectivity

Source: WG 2: Connectivity and Measuring. Connecteur Internet resources at www. Connecteur.info



How to measure connectivity

Source: WG 2: Connectivity and Measuring. Connecteur Internet resources at www. Connecteur.info



How to measure connectivity

Source: WG 2: Connectivity and Measuring. Connecteur Internet resources at www. Connecteur.info



How to measure connectivity

Source: WG 2: Connectivity and
Measuring. Connecteur Internet 
resources at www. Connecteur.info



WHY model connectivity

• Many geomorphic and hydrological models are still unable 
to represent the landscape in sufficient detail to allow all 
connectivity to emerge

Likely to results in wrong parameterisation and/or process 
descriptions and wrong results

• How structural and functional connectivity are represented 
in models should lead to more robust models.

• It is important to go beyond the simple representation of 
structural connectivity elements and allow the dynamics of 
processes to be represented, for example by using a 
connectivity function.



How to model connectivity

Schematic overview of the different representations of landscape connectivity in different modelling approaches. 
Source: Connecteur WG3 Think-Tank Team, Nunes, J. P., Wainwright, J., Bielders, C. L., Darboux, F., Fiener, P., Finger, 
D., and Turnbull, L. (2018) Better models are more effectively connected models. Earth Surf. Process. Landforms, doi: 
10.1002/esp.4323.

http://dx.doi.org/10.1002/esp.4323


How to model connectivity

Schematic representation of scales at which certain landscape features that are influential in terms of 
water or sediment connectivity are resolved explicitly or implicitly in environmental models. Source: 
Nunes, J. P., Wainwright, J., Bielders, C. L., Darboux, F., Fiener, P., Finger, D., and Turnbull, L. (2018) Better models are 
more effectively connected models. Earth Surf. Process. Landforms, doi: 10.1002/esp.4323.

http://dx.doi.org/10.1002/esp.4323


Way forward

Pathways to holistic landscape management
• Landscapes require a paradigm shift towards managing them in a 

much more holistic way in terms of integrated monitoring, 
emergence and interconnected stakeholder interfaces for multi-
level management systems

• Development of integrated multiscale monitoring network 
techniques of pathways of matter and energy across landscapes 
(encompassing soil, water, nutrients, human population, 
biodiversity, goods and services)

• Development of new multidisciplinary modelling approaches to 
integrate matter and energy to understand the roles of resilience, 
sensitivity, tipping points and emergence for holistic landscape 
management. 

• Development of interconnected stakeholder interfaces for multi-
level management systems to shift towards holistic, smart 
management strategies.
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