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Practical Guidance on Indicators of Connectivity 
for the Kunming-Montreal Global Biodiversity Framework1 

 
By David M. Theobald (Conservation Planning Technologies), Annika T.H. Keeley (Center for 
Large Landscape Conservation, Aaron T. Laur (Center for Large Landscape Conservation), 

and Gabriel Oppler (Center for Large Landscape Conservation) 
 
Introduc)on 
As Par'es to the Conven'on on Biological Diversity (CBD) ramp up efforts to meet planning and 
repor'ng requirements on their status and progress towards achieving the goals and targets of 
the Kunming-Montreal Global Biodiversity Framework (KMGBF), there remains a need for 
prac'cal guidance on aspects of indicators of connec'vity as adopted in the Monitoring 
Framework for the KMGBF. The adopted indicators in the Monitoring Framework for the 
KMGBF are intended to especially assist CBD Par'es to monitor and report their progress 
toward achieving each of the goals and targets by 2030. BeMer understanding of what each 
indicator measures, the resources necessary, and the usability and applicability to their own 
contexts is also essen'al for na'onal target seOng, baseline understanding, implementa'on, 
and adap've management over 'me. To assist further understanding and applica'on, this 
Prac'cal Guidance has been prepared in this Version 1.0 to begin to dis'll the relevant 
connec'vity science and provide a framework to compare various indicators. The intent is to 
provide prac''oners with technical informa'on to support decision-making, development, and 
implementa'on of country and project level repor'ng. The main sec'on of this document 
describes for each indicator the general purpose, strengths/weaknesses, data and analy'cal 
requirements, and technical capacity involved to use and report on them. 
 
Approach 
This document first provides a short overview of relevant aspects of the KMGBF as they relate 
par'cularly to ecological integrity and connec'vity. It then provides a synthesized conceptual 
framework of the science that underlies ecological integrity and connec'vity. Using this 
founda'on with summaries of iden'fied and relevant indicators, addi'onal informa'on delves 
into key aspects needed to understand advantages and disadvantages that are goal, purpose, 
scale, and data dependent. It is also important to stress the importance of careful evalua'on of 
the source and quality of indicators and data products.  
 
There are a variety of audiences for this Prac'cal Guidance: 

 
1 Suggested citation: Theobald, D., Keeley, A., Laur, A., Oppler, G. (2024). Practical Guidance on Indicators of 
connectivity for the Kunming-Montreal Global Biodiversity Framework. Center for Large Landscape 
Conservation and IUCN WCPA Connectivity Conservation Specialist Group. Bozeman, Montana, USA. 

https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-05-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-05-en.pdf
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1. Na'onal governments, especially environmental and sectoral ministries, can use this to 
more effec'vely prepare and execute Na'onal Biodiversity and Strategic Ac'on Plans 
(NBSAPs), as well as more efficiently execute periodic na'onal repor'ng toward mee'ng 
relevant interna'onal obliga'ons;  

2.  Suppor'ng staff, agencies, and scien'fic ins'tu'ons in each country can use this 
informa'on to beMer understand the technical aspects such as workflows and 
technological aspects such as necessary data and compu'ng power. With more 
informa'on about the specificity, usability, and tradeoffs of each indicator, it can help 
inform considera'ons about the necessary exper'se for integra'ng their own data and 
running, analyzing, and calcula'ng the results of each indicator. They can also then 
advise on choosing and applying indicators that best align the needs, capaci'es, 
available data, and eventual repor'ng; and 

3. Partner organiza'ons and experts can beMer understand how to best use each indicator 
and in turn support further refinement, valida'on, and verifica'on for each Party, as 
well as applica'on from landscape to global levels. 

 
Indicators of connectivity for the KMGBF 
Because connectivity indicators have been developed for different purposes, used slightly 
differently but with overlapping terminology, and have changed as the KMGBF was formalized, 
practical application remains challenging. This has resulted in some confusion when developing 
recommendations about if and how the various indicators will be useful to the various 
audiences and can also prove challenging when trying to apply conservation science in practice. 
In an attempt to clarify terminology and support recommendations, the following section 
provides the specific indicators that are most directly associated with ecological integrity and 
within the over-arching conceptual framework of fragmentation. This comes from a standpoint 
that a fragmentation framework containing the continuums of permeability and connectivity 
has practical value to clearly characterize the variety of ad hoc indicators that are considered 
“connectivity indicators”.  
 
Note that “indicators” discussed in the context of the Monitoring Framework tend to be loosely 
defined and apply to a variety of things, which can be argued often contributes to 
misunderstanding and limits progress and coordination in achieving conservation goals. 
Perhaps most importantly, the purpose of using and applying an indicator is critical and often 
lost as it is applied across realms, intended uses, audiences, scales, etc. In this Practical 
Guidance, each indicator is described as it has been presented in the key papers cited, rather 
than how it may possibly be used, including why it was developed (purpose), what input data 
used, how is the metric calculated (i.e. computational algorithm), what specific geographies and 
statistics were used to summarize findings, and how the data outputs (products) can be 
obtained and/or accessed. It is to be noted that generally each indicator can potentially be used 
for a variety of purposes, use different input datasets and parameters, have adjustments or 
refinements to analytical operations, be summarized in variety of additional ways, and be made 
available through many additional data platforms, repositories, and planning tools.  
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Name Bioclimatic Ecosystem Resilience Index 

Acronym BERI 

GBF Goal/Target 
(Type) Goal A (Complementary) 

GBF Goal/Target 
(Type) Target 2 (Complementary) 

GBF Goal/Target 
(Type) Target 8 (Component) 

GBF Goal/Target 
(Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose 

The Bioclimatic Ecosystem Resilience Index (BERI) measures the capacity of 
landscapes to retain species diversity in the face of climate change, as a 
function of the area, connectivity and integrity of natural ecosystems 
across those landscapes. The indicator assesses the extent to which any 
given spatial configuration of natural habitat will promote or hinder 
climate-induced shifts in biological distributions. It does this by analyzing 
the functional connectivity of each grid-cell of natural habitat to areas of 
habitat in the surrounding landscape which are projected to support a 
similar assemblage of species under climate change to that currently 
associated with the cell of interest.  

Integrity 
(composition) 

BILBI, compositional turnover models; PREDICTS, reference compared to 
natural  

Integrity (structure) 
Habitat condition time-series derived using remotely-sensed land cover 
attributes to downscale land-use change  

Integrity (function)  
Connectivity (connect 
what) Landscapes (pixels) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Least-cost paths 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity 
(outputs) Map (movement) 

Connectivity (notes) 

Permeability -- pixel to pixels. Hybrid structural-functional fragmentation 
metric; Least-cost paths (distance) using exp() function to 500 km using 
"petal" approximations 
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Output data values 
Effective proportion of habitat remaining, accounting for effects of habitat 
condition, connectivity, and distributional shifts under climate change 

Output scale 
(s=spatial, 
t=temporal, 
I=intensity) 

S: 1 km2 
T: 2000, 2005, 2010, 2015, 2020 
I: continuous 

Data sources  
Output (summaries) Countries 

Output (data) https://doi.org/10.25919/437m-8b91 

Output (code)  
Other resources Metadata Factsheet for BERI 

Computation 
Numerous interacting models, datasets, parameterizations, scenarios, and 
computational resources required 

Organization CSIRO 

Update frequency  

References 

Ferrier, S., Harwood, T. D., Ware, C., & Hoskins, A. J. (2020). A globally 
applicable indicator of the capacity of terrestrial ecosystems to retain 
biological diversity under climate change: The bioclimatic ecosystem 
resilience index. Ecological Indicators, 117, 106554. 
https://doi.org/10.1016/j.ecolind.2020.106554.  

Indicator notes Also see BERI poster presented at 2023 GEO BON conference 

 
  

https://doi.org/10.25919/437m-8b91
https://gbf-indicators.org/metadata/other/8-4-C
https://doi.org/10.1016/j.ecolind.2020.106554
https://doi.org/10.1016/j.ecolind.2020.106554
https://doi.org/10.1016/j.ecolind.2020.106554
https://doi.org/10.1016/j.ecolind.2020.106554
https://doi.org/10.1016/j.ecolind.2020.106554
https://event.fourwaves.com/geobon-2023/abstracts/4ab9a772-2eab-4f7c-afba-7bf91c6ecabe/poster
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Name Biodiversity Habitat Index 

Acronym BHI 

GBF Goal/Target (Type) Goal A (Component) 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type) Target 2 (Complementary) 

GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose 

The Biodiversity Habitat Index (BHI) estimates the level of species 
diversity expected to be retained within any given spatial reporting unit 
as a function of the area, connectivity and integrity of natural ecosystems 
across that unit. Results for the indicator can be expressed as either: 1) 
the ‘effective proportion of habitat’ remaining within the unit – adjusting 
for the effects of the condition and functional connectivity of that habitat, 
and of spatial variation in the species composition of ecological 
communities; or 2) the proportion of species expected to persist (i.e. 
avoid extinction) over the long term, predicted as a simple species-area 
based function of the effective proportion of habitat remaining.  

Integrity (composition) 
BILBI, compositional turnover models; PREDICTS, reference compared to 
natural  

Integrity (structure) 
Habitat condition time-series derived using remotely-sensed land cover 
attributes to downscale land-use change  

Integrity (function)  
Connectivity (connect 
what) Landscapes (pixels) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Least-cost paths 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Map (movement) 

Connectivity (notes) 

Permeability -- pixel to pixels. Hybrid structural-functional fragmentation 
metric; Least-cost paths (distance) using exp() function to 500 km using 
"petal" approximations 

Output data values 

Either:	1)	Effective	proportion	of	habitat	remaining,	accounting	for	effects	of	
condition	and	connectivity	of	that	habitat,	and	of	spatial	variation	in	the	species	
composition	of	ecological	communities;	or	2)	proportion	of	species	expected	to	
persist	(i.e.	avoid	extinction)	over	the	long	term,	predicted	as	a	simple	species-
area	based	function	of	the	effective	proportion	of	habitat	remaining.	
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Output scale 
(s=spatial, t=temporal, 
I=intensity) 

S: 1 km2 
T: 2000, 2005, 2010, 2015, 2020 
I: continuous 

Data sources  
Output (summaries) Countries 

Output (data) https://doi.org/10.25919/3j75-f539 

Output (code)  
Other resources Metadata Factsheet for BHI 

Computation  
Organization CSIRO 

Update frequency  
References Metadata Factsheet for BHI 

Indicator notes  
 
  

https://doi.org/10.25919/3j75-f539
https://gbf-indicators.org/metadata/other/A-4-C
https://gbf-indicators.org/metadata/other/A-4-C
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Name Biodiversity Intactness Index 

Acronym BII 

GBF Goal/Target 
(Type) Goal A (Complementary) 

GBF Goal/Target 
(Type)  
GBF Goal/Target 
(Type)  
GBF Goal/Target 
(Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose Crossing safe limits of terrestrial biodiversity 

Integrity 
(composition) Composition using PREDICTS, reference compared to natural 

Integrity (structure)  
Integrity (function)  
Connectivity (connect 
what) N/A 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) N/A 

Connectivity (metric) N/A 

Connectivity (outputs) Map (movement) 

Connectivity (notes)  
Output data values  
Output scale 
(s=spatial, t=temporal, 
I=intensity)  
Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  

Computation 
Numerous interacting models, datasets, parameters, and computational 
resources required 
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Organization  
Update frequency  

References 

Newbold, T., Hudson, L.N., Arnell, A.P., Contu, S., De Palma, A., Ferrier, S., 
Hill, S.L., Hoskins, A.J., Lysenko, I., Phillips, H.R. and Burton, V.J., 2016. Has 
land use pushed terrestrial biodiversity beyond the planetary boundary? 
A global assessment. Science, 353(6296), pp.288-291. 
https://doi.org/10.1126/science.aaf2201 

Indicator notes  
 
  

https://doi.org/10.1126/science.aaf2201
https://doi.org/10.1126/science.aaf2201
https://doi.org/10.1126/science.aaf2201
https://doi.org/10.1126/science.aaf2201
https://doi.org/10.1126/science.aaf2201
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Name CMS Connectivity Indicator 

Acronym CMS 

GBF Goal/Target 
(Type) Goal A (Complementary) 

GBF Goal/Target 
(Type)  
GBF Goal/Target 
(Type)  
GBF Goal/Target 
(Type)  
Realm  
Ecosystem Unspecified 

Purpose  
Integrity 
(composition)  
Integrity 
(structure)  
Integrity (function)  
Connectivity 
(connect what) N/A 

Connectivity 
(matrix/resistance) N/A 

Connectivity 
(movement model) N/A 

Connectivity 
(metric) N/A 

Connectivity 
(outputs) N/A 

Connectivity 
(notes)  
Output data values  
Output scale 
(s=spatial, 
t=temporal, 
I=intensity)  
Data sources  
Output 
(summaries)  
Output (data)  
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Output (code)  
Other resources  
Computation  
Organization  
Update frequency  
References  

Indicator notes 

Extract from CMS submission to the AHTEG which describes the “CMS 
Connectivity Indicator”: “The complementary indicators for Goal A include one 
listed as “CMS Connectivity Indicator”. This is the one proposed by CMS as 
“Conservation status of migratory species, as a proxy indicator of 
connectivity” This would be based on disaggregated sub-sets of the Red List 
Index, Living Planet Index and Wild Bird Index, providing a proxy measure for 
the status of connectivity of natural ecosystems as it affects these species, 
giving particular attention to those with known responses to key connectivity 
factors. Existing methods would be used for this, and assessments using 
these methods have previously been presented at CMS COP13 in 2020 (in the 
annexes to document UNEP/CMS/COP13/Doc.24/Rev.1) and updated at 
COP14 in 2024 (in documents UNEP/CMS/COP14/Doc.21.1 and 
UNEP/CMS/COP14/Doc.21.3). 
A ready way therefore of ensuring that there is attention at headline indicator 
level to the elements of Goal A that seek to ensure that the “connectivity [...] 
of all ecosystems” is maintained, enhanced or restored” would be to adopt 
what is currently the complementary indicator referred to above as a 
headline indicator instead. 
A smaller and more partial contribution to this could also be made by 
ensuring that the approach to one of the already-listed headline indicators 
(“A.3 - Red List Index”) is operated so as to produce information on the status 
of species that depend on connectivity. An approach for doing this has been 
included as one element in the CMS “Conservation status of migratory 
species” assessments mentioned above. Data from the Red List Index have 
been disaggregated to show trends specifically for migratory species (see for 
example 
https://www.cms.int/sites/default/files/document/cms_cop13_doc.24_review-
conservation-status-migratory-species_Annex3_e_0.pdf and 
https://www.cms.int/sites/default/files/document/cms_cop13_doc.24_review-
conservation-status-migratory-species_Annex4_e.pdf ).” 
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Name Connectivity Indicator 

Acronym CI 

GBF Goal/Target 
(Type) Target 3 (Component) 

GBF Goal/Target 
(Type)  
GBF Goal/Target 
(Type)  
GBF Goal/Target 
(Type)  
Realm  
Ecosystem Unspecified 

Purpose  
Integrity 
(composition)  
Integrity 
(structure)  
Integrity (function)  
Connectivity 
(connect what)  
Connectivity 
(matrix/resistance)  
Connectivity 
(movement model)  
Connectivity 
(metric)  
Connectivity 
(outputs)  
Connectivity 
(notes)  
Output data 
values  
Output scale 
(s=spatial, 
t=temporal, 
I=intensity)  
Data sources  
Output 
(summaries)  
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Output (data)  
Output (code)  
Other resources  
Computation  
Organization  
Update frequency  
References  
Indicator notes  
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Name Dendritic Connectivity Index 

Acronym DCI 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Freshwater 

Ecosystem Unspecified 

Purpose  
Integrity (composition)  
Integrity (structure)  
Integrity (function)  
Connectivity (connect what) N/A 

Connectivity (matrix/resistance) N/A 

Connectivity (movement model) N/A 

Connectivity (metric) N/A 

Connectivity (outputs) N/A 

Connectivity (notes)  
Output data values  
Output scale (s=spatial, 
t=temporal, I=intensity)  
Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
Organization  
Update frequency  

References 

Cote, D., Kehler, D. G., Bourne, C., & Wiersma, Y. F. (2009). A 
new measure of longitudinal connectivity for stream networks. 
Landscape Ecology, 24, 101-113. 
https://doi.org/10.1007/s10980-008-9283-y. 

Indicator notes  
  

https://doi.org/10.1007/s10980-008-9283-y
https://doi.org/10.1007/s10980-008-9283-y
https://doi.org/10.1007/s10980-008-9283-y
https://doi.org/10.1007/s10980-008-9283-y
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Name Ecoregional Intactness Index (aka Ecosystem Intactness Index) 

Acronym EII (Beyer) 

GBF Goal/Target (Type) Goal A (Component) 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose Measure loss of intactness for terrestrial ecoregions 

Integrity (composition) - 

Integrity (structure) Human footprint (1993, 2009; Venter et al. 2016), 1 km2 

Integrity (function) - 

Connectivity (connect 
what) Landscapes (pixels) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Moving window 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Map (permeability) 

Connectivity (notes) 
Permeability - all pixels, HFP < 4 to get 0/1 habitat condition values; 
Exp() kernel moving window radius=26.5 km 

Output data values 
Structural integrity 
continuous 0-1 metric; recommend >0.7 as high integrity 

Output scale (s=spatial, 
t=temporal, I=intensity) 

S: 1 km2 
T: change 1993 to 2009 conditions 
I: interval, transformation to ratio values 

Data sources  
Output (summaries) Summarized by biomes (Dinerstein et al. 2017) 

Output (data) https://doi.org/10.14264/uql.2019.773 

Output (code)  
Other resources  

Computation 
Leverages existing dataset, simple moving window, cloud/cluster 
computational resources 

Organization  

https://doi.org/10.14264/uql.2019.773
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Update frequency  

References 

Beyer, H. L., Venter, O., Grantham, H. S., & Watson, J. E. (2020). 
Substantial losses in ecoregion intactness highlight urgency of globally 
coordinated action. Conservation Letters, 13(2), e12692. 
https://doi.org/10.1111/conl.12692.  

Indicator notes  
 
  

https://doi.org/10.1111/conl.12692.
https://doi.org/10.1111/conl.12692.
https://doi.org/10.1111/conl.12692.
https://doi.org/10.1111/conl.12692.
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Name Ecosystem Integrity Index 

Acronym EII (Hill) 

GBF Goal/Target (Type) Goal A (Component) 

GBF Goal/Target (Type) Target 1 (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose 
Measure integrity of terrestrial ecosystems using three 
components measured against natural (current potential) baseline 

Integrity (composition) Biodiversity intactness index (Newbold et al.) 

Integrity (structure) Human modification approach, year?, 1 km2 

Integrity (function) 
Potential natural minus current net primary productivity, MODIS 
and BIOCLIM 

Connectivity (connect what) Landscapes (pixels) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity (movement 
model) Moving window 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Map (permeability) 

Connectivity (notes) 

Permeability (but moving window, not fragmentation per se); Uses 
HM but unclear transformation; Exp() kernel to 26.5 km, emulating 
Beyer et al. (2019) 

Output data values 
Structural integrity 
continuous 0-1 index of minimum C, S, F values 

Output scale (s=spatial, 
t=temporal, I=intensity) 

S: 1 km2;  
T: ~current (but not specified) 

Data sources  
Output (summaries) Biomes, ecoregions; continents, countries 

Output (data) Not available 

Output (code)  
Other resources  
Computation Uses multiple existing models, details not specified, not finalized 

Organization  
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Update frequency  
References SLL Hill et al. 2023 preprint 

Indicator notes  
 
  

https://www.biorxiv.org/content/10.1101/2022.08.21.504707v2
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Name Extent of natural ecosystems (HF) 

Acronym HF 

GBF Goal/Target (Type) Goal A (Headline) 

GBF Goal/Target (Type) Target 1 (Headline) 

GBF Goal/Target (Type) Target 1 (Complementary) 

GBF Goal/Target (Type) Target 2 (Component) 

Realm Terrestrial 

Ecosystem Unspecified 

Purpose  
Integrity (composition) N/A 

Integrity (structure) N/A 

Integrity (function) N/A 

Connectivity (connect what) N/A 

Connectivity (matrix/resistance) N/A 

Connectivity (movement model)  
Connectivity (metric) N/A 

Connectivity (outputs)  
Connectivity (notes)  
Output data values An index of additive values 0-10 for 5 stressors 

Output scale (s=spatial, t=temporal, 
I=intensity) S: 1 km      T:        I: 0-50 (interval) 

Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
Organization WCS 

Update frequency  

References 

Kendall et al. 2018. One-third of global protected land is 
under intense human pressure. Science. 360(6390):788-
791. https://doi.org/10.1126/science.aap9565. 

Indicator notes  
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Name Extent of natural ecosystems (HM) 

Acronym HM 

GBF Goal/Target (Type) Goal A (Headline) 

GBF Goal/Target (Type) Target 1 (Headline) 

GBF Goal/Target (Type) Target 1 (Complementary) 

GBF Goal/Target (Type) Target 2 (Component) 

Realm Terrestrial 

Ecosystem Unspecified 

Purpose  
Integrity (composition) N/A 

Integrity (structure) N/A 

Integrity (function) N/A 

Connectivity (connect 
what) N/A 

Connectivity 
(matrix/resistance) N/A 

Connectivity 
(movement model)  
Connectivity (metric) N/A 

Connectivity (outputs)  
Connectivity (notes)  
Output data values The degree of human modification as a continuous value 

Output scale (s=spatial, 
t=temporal, I=intensity) 

S: 300 m 
T: 2017, 2022 
I: 0.0 -- 1.0 (ratio) 

Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
Organization TNC 
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Update frequency annually 

References 

Kennedy, C. M., Oakleaf, J. R., Theobald, D. M., Baruch-Mordo, S., & 
Kiesecker, J. (2019). Managing the middle: A shift in conservation 
priorities based on the global human modification gradient. Global 
change biology, 25(3), 811-826. https://doi.org/10.1111/gcb.14549. 

Indicator notes Update targeted release 2nd Quarter 2024 
 
  

https://doi.org/10.1111/gcb.14549
https://doi.org/10.1111/gcb.14549
https://doi.org/10.1111/gcb.14549
https://doi.org/10.1111/gcb.14549
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Name Extent of natural ecosystems (WRI) 

Acronym NNN 

GBF Goal/Target 
(Type) Goal A (Headline) 

GBF Goal/Target 
(Type) Target 1 (Headline) 

GBF Goal/Target 
(Type) Target 1 (Complementary) 

GBF Goal/Target 
(Type) Target 2 (Component) 

Realm Terrestrial 

Ecosystem Unspecified 

Purpose  
Integrity 
(composition) N/A 

Integrity (structure) N/A 

Integrity (function) N/A 

Connectivity (connect 
what) N/A 

Connectivity 
(matrix/resistance) N/A 

Connectivity 
(movement model)  
Connectivity (metric) N/A 

Connectivity (outputs)  
Connectivity (notes)  
Output data values Either natural or not-natural 

Output scale 
(s=spatial, 
t=temporal, 
I=intensity) 

S: 30-1000 m 
T: 2009-2021 
I: 0 or 1 (nominal) 

Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
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Organization WRI 

Update frequency  

References STDN Natural lands 

Indicator notes  
 
  

https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-Step3-Land-v0.3-Natural-Lands-Map.pdf
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Name Forest Landscape Integrity Index 

Acronym FLII 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type) Target 2 (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Forest 

Purpose Measure forest integrity 

Integrity (composition) Composition (forests) 

Integrity (structure) Modified human footprint (300 m) 

Integrity (function) - 

Connectivity (connect 
what) Landscapes (pixels) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Moving window 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Map (permeability) 

Connectivity (notes) 

Permeability - all pixels; Uses modified HFP; observed vs. inferred 
pressures, exp() weighted averaging...; Kernel moving window; Short 
(exp() < 6 km); long range (> 12 km); following Beyer et al. 2019 

Output data values Structural integrity 

Output scale (s=spatial, 
t=temporal, I=intensity) S: 1 km 

Data sources  
Output (summaries) Countries; PAs 

Output (data) Data here 

Output (code) Available on "reasonable request" 

Other resources https://www.forestlandscapeintegrity.com/ 

Computation Uses new models, moving window, cloud-computational platform 

Organization  
Update frequency  

https://docs.google.com/forms/d/e/1FAIpQLSd4wCjtMBTXGHbStrlyO2Fy5sMlCSFiJbgGem8bWgxm3P8YvA/viewform
https://www.forestlandscapeintegrity.com/
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References 

Grantham, H.S., Duncan, A., Evans, T.D. et al. Anthropogenic modification 
of forests means only 40% of remaining forests have high ecosystem 
integrity. Nat Commun 11, 5978 (2020). https://doi.org/10.1038/s41467-
020-19493-3 

Indicator notes  
 
  

https://doi.org/10.1038/s41467-020-19493-3
https://doi.org/10.1038/s41467-020-19493-3
https://doi.org/10.1038/s41467-020-19493-3
https://doi.org/10.1038/s41467-020-19493-3
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Name Connectivity Status Index 

Acronym CSI 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type) Target 2 (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Freshwater 

Ecosystem Rivers 

Purpose 

To assess river connectivity at high spatial resolution taking into 
consideration the cumulative effect of fragmentation, flow regulation, 
sediment trapping, water use and infrastructure development. The CSI 
has been applied globally using open source data to assess the status of 
free-flowing rivers and can be replicated regionally using local scale data. 
An update of the assessment from 2019 is currently underway. 

Integrity (composition) N/A 

Integrity (structure) Structure (Naturalness) 

Integrity (function) N/A 

Connectivity (connect 
what) River reaches 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Other 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Statistics 

Connectivity (notes) 
Uses Graph-theoretical model and distance decay functions within river 
network (river reach scale). 

Output data values 
Percent connected (0-100%) based on overlay of six connectivity proxy 
indicators). Output at river reach scale. 

Output scale 
(s=spatial, t=temporal, 
I=intensity) 

S: ~3km river reach length 
T: 2019 (updates currently underway) 

Data sources Global River Network (HydroRIVERS; link) 

Output (summaries) 
Output at river reach scale, aggregation to catchments, basins, countries, 
continents, and globally 

Output (data) Data here 

Output (code) Open Source here 

https://doi.org/10.1002/hyp.9740
https://doi.org/10.1002/hyp.9740
https://figshare.com/articles/dataset/Mapping_the_world_s_free-flowing_rivers_data_set_and_technical_documentation/7688801/1
https://figshare.com/articles/dataset/Mapping_the_world_s_free-flowing_rivers_data_set_and_technical_documentation/7688801/1
https://github.com/ggrill/Free-Flowing-Rivers
https://github.com/ggrill/Free-Flowing-Rivers
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Other resources Link to downscaling tool 

Computation Custom python scripts run on regular PC 

Organization  
Update frequency TBD 

References 

Grill, G., Lehner, B., Thieme, M., Geenen, B., Tickner, D., Antonelli, F., ... & 
Zarfl, C. (2019). Mapping the world’s free-flowing rivers. Nature, 
569(7755), 215-221. https://doi.org/10.1038/s41586-019-1111-9 

Indicator notes Author copy here 

 
  

https://world-wildlife-fund.gitbook.io/free-flowing-rivers/lower-mekong-free-flowing-river-assessment/1-introduction
https://doi.org/10.1038/s41586-019-1111-9
https://doi.org/10.1038/s41586-019-1111-9
https://doi.org/10.1038/s41586-019-1111-9
https://www.dropbox.com/scl/fi/sh8jjh0b6tqegrzfz8v16/Grill-2019-Mapping-the-world-s-free-flowing-_Author-copy.pdf?rlkey=1wz3dtbaizrj0ezsxfgzjooxi&dl=0
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Name Intact Wilderness (aka ConnIntact) 

Acronym ConnIntact 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type) Goal B (Complementary) 

GBF Goal/Target (Type) Target 2 (Complementary) 

GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose 
Measure the structural connectivity of terrestrial PA system assuming 
movement through intact lands 

Integrity (composition) N/A 

Integrity (structure) N/A 

Integrity (function) N/A 

Connectivity (connect 
what) Other 

Connectivity 
(matrix/resistance) Structural (intact/binary) 

Connectivity 
(movement model) Binary (permeable or not) 

Connectivity (metric) Other 

Connectivity (outputs) Map (permeability) 

Connectivity (notes) 

Protected areas WDPA > 10 km2; HFP for 2013 < 4 (data source not in 
dryad repo); to get 0/1 habitat condition values; ConnIntact: 
PCinter_intact / PCinter_all 

Output data values % of PA area that are connected through intact lands 

Output scale (s=spatial, 
t=temporal, 
I=intensity) 

S: 1 km 
T: 2013 (intact), May 2019 (WDPA) 

Data sources  
Output (summaries) Countries (source not specified) 

Output (data) SI material spreadsheets 

Output (code) Available upon request 

Other resources  
Computation Uses existing connectivity software and existing datasets 

Organization  
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Update frequency  

References 

Ward, M., Saura, S., Williams, B., Ramírez-Delgado, J. P., Arafeh-Dalmau, 
N., Allan, J. R., ... & Watson, J. E. (2020). Just ten percent of the global 
terrestrial protected area network is structurally connected via intact 
land. Nature communications, 11(1), 4563. 
https://doi.org/10.1038/s41467-020-18457-x 

Indicator notes  
 
  

https://doi.org/10.1038/s41467-020-18457-x
https://doi.org/10.1038/s41467-020-18457-x
https://doi.org/10.1038/s41467-020-18457-x
https://doi.org/10.1038/s41467-020-18457-x
https://doi.org/10.1038/s41467-020-18457-x
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Name 
Maintenance & restoration of connectivity of 

natural ecosystems 

Acronym MRC 

GBF Goal/Target (Type) Target 2 (Component) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm  
Ecosystem Unspecified 

Purpose  
Integrity (composition)  
Integrity (structure)  
Integrity (function)  
Connectivity (connect what)  
Connectivity (matrix/resistance)  
Connectivity (movement model)  
Connectivity (metric)  
Connectivity (outputs)  
Connectivity (notes)  
Output data values  
Output scale (s=spatial, t=temporal, 
I=intensity)  
Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
Organization  
Update frequency  
References  
Indicator notes  
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Name PARC Connectedness 

Acronym PARC 

GBF Goal/Target (Type) Goal A (Component) 

GBF Goal/Target (Type) Target 3 (Component) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm  
Ecosystem Unspecified 

Purpose 

The Protected Area Representativeness and Connectedness (PARC) 
indices measure the extent to which terrestrial protected areas are 
ecologically representative, and well-connected. For the purposes of 
reporting against the 2010-2020 Aichi Targets, the PARC was originally 
configured as two separate indicators: PARC-representativeness and 
PARC-connectedness. However, these two indices were always designed 
in a manner which would allow them to be combined to yield a 
composite indicator of protected-area representativeness and 
connectivity. 

Integrity (composition) PARC-representativeness: BILBI, compositional turnover models 

Integrity (structure) 
PARC-connectedness: Habitat condition derived using remotely-sensed 
land cover attributes to downscale land-use change  

Integrity (function)  
Connectivity (connect 
what) PAs (OECMs, other) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Least-cost paths 

Connectivity (metric) Modify protected coverage 

Connectivity (outputs) Map (movement) 

Connectivity (notes) 

Permeability -- pixel to pixels. Hybrid structural-functional fragmentation 
metric; Least-cost paths (distance) using exp() function to 500 km using 
"petal" approximations 

Output data values 
% coverage of protected areas and OECMs, adjusted for effects of 
connectedness and representiveness, either separately or in combination 

Output scale 
(s=spatial, t=temporal, 
I=intensity) 

S: 1 km2 
T: 2000, 2005, 2010, 2015, 2020, 2024 
I: continuous 

Data sources  



  

31 
 

Output (summaries) Countries 

Output (data) 
https://doi.org/10.25919/e3jp-jh25 
https://doi.org/10.25919/kt3f-2z04 

Output (code)  
Other resources Metadata Factsheet for PARC 

Computation 
Numerous interacting models, datasets, parameters, and computational 
resources required 

Organization CSIRO 

Update frequency  
References Metadata Factsheet for PARC 

 
  

https://doi.org/10.25919/e3jp-jh25
https://doi.org/10.25919/e3jp-jh25
https://doi.org/10.25919/kt3f-2z04
https://gbf-indicators.org/metadata/other/A-5-C
https://gbf-indicators.org/metadata/other/A-5-C
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Name Protected Area Isolation 

Acronym PAI 

GBF Goal/Target (Type) Target 3 (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose 
Map functional connectivity (~48 mammal species) for 
terrestrial PAs 

Integrity (composition)  

Integrity (structure)  
Integrity (function)  
Connectivity (connect what) PAs (OECMs, other) 

Connectivity 
(matrix/resistance) Functional (movement) 

Connectivity (movement 
model) Circuit theory 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Map (movement) 

Connectivity (notes) 

Protected areas WDPA >35 km2 (May 2020); Human footprint 
(2009; Venter et al. 2016), 1 km2; Circuitscape (one-to-all 
mode) 

Output data values effective resistance, electrical current 

Output scale (s=spatial, 
t=temporal, I=intensity) 

S: ~8 km 
T: 2009 (HF),  

Data sources  
Output (summaries)  
Output (data) https://zenodo.org/records/6473366 

Output (code)  
Other resources  

Computation 

Uses existing models of resistance and connectivity, number 
of nodes (PAs) were reduced, and resolution was coarsened 
to ~8 km 

Organization  
Update frequency  

https://zenodo.org/records/6473366
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References 

Brennan, A., Naidoo, R., Greenstreet, L., Mehrabi, Z., 
Ramankutty, N., & Kremen, C. (2022). Functional connectivity 
of the world’s protected areas. Science, 376(6597), 1101-1104. 
https://doi.org/10.1126/science.abl8974 

Indicator notes  
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Name Protected & connected 

Acronym ProtConn 

GBF Goal/Target (Type) Goal A (Component) 

GBF Goal/Target (Type) Target 3 (Component) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose  
Integrity (composition)  

Integrity (structure)  

Integrity (function)  
Connectivity (connect 
what) PAs (OECMs, other) 

Connectivity 
(matrix/resistance) None (Euclidean) 

Connectivity (movement 
model) Euclidean 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Statistics 

Connectivity (notes)  
Output data values Percent of protected areas surface connected 

Output scale (s=spatial, 
t=temporal, I=intensity)  
Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
Organization  
Update frequency Irregular, about twice a year 

References 
Saura, S., Bastin, L., Battistella, L., Mandrici, A., & Dubois, G. (2017). 
Protected areas in the world’s ecoregions: How well connected are 

https://doi.org/10.1016/j.ecolind.2016.12.047
https://doi.org/10.1016/j.ecolind.2016.12.047
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they?. Ecological indicators, 76, 144-158. 
https://doi.org/10.1016/j.ecolind.2016.12.047  

Indicator notes  
 
  

https://doi.org/10.1016/j.ecolind.2016.12.047
https://doi.org/10.1016/j.ecolind.2016.12.047
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Name Protected networks 

Acronym ProNet 

GBF Goal/Target (Type) Target 3 (Complementary) 

GBF Goal/Target (Type) N/A 

GBF Goal/Target (Type) N/A 

GBF Goal/Target (Type) N/A 

Realm Terrestrial 

Ecosystem Unspecified 

Purpose 

Assess the structural connectivity of a network, primarily for protected 
areas but can be applied to any set of features that define nodes 
(replacing protected areas) 

Integrity (composition) N/A 

Integrity (structure) Structure (naturalness) 

Integrity (function) N/A 

Connectivity (connect 
what) PAs (OECMs, other) 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) Least-cost distance 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Statistics 

Connectivity (notes) 
Protected areas WDPA > 1km2 (December 2023); Human modification 
(2022, 300 m); Least-cost distance 

Output data values Percent connected (independent of protected %) 

Output scale (s=spatial, 
t=temporal, I=intensity) 

S: 300 m (HM) 
T: 2023 (WDPA 2023, HM 2022) 
I: continuous 

Data sources Open source data inputs 

Output (summaries) Countries, biomes, IUCN GET EFGs 

Output (data) Paper and data in prep 

Output (code) Basic tools in prep. 

Other resources N/A 

Computation Uses simplified graph structure to reduce computation time.  

Organization CPT/CLLC 
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Update frequency Annual 

References 

Theobald, D. M., Keeley, A. T., Laur, A., & Tabor, G. (2022). A simple and 
practical measure of the connectivity of protected area networks: The 
ProNet metric. Conservation Science and Practice, 4(11), e12823. 
https://doi.org/10.1111/csp2.12823.  

Indicator notes N/A 
 
  

https://doi.org/10.1111/csp2.12823.
https://doi.org/10.1111/csp2.12823.
https://doi.org/10.1111/csp2.12823.
https://doi.org/10.1111/csp2.12823.
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Name Relative Magnitude of Frag 

Acronym RMF 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose 

We use an existing spatially contiguous, global remote-sensing data 
product (i.e. the 27-year annual ESA CCI land cover maps which can be 
categorized as an EBV ‘Ecosystem Distribution’) to derive an annual (27 
year) time-series of the Relative Magnitude of Fragmentation (RMF) at a 
global scale and with a spatial resolution of 300m. From this derived EBV 
data product, we can calculate a RMF indicator of ecosystem degradation, 
i.e. the change, ...(continue reading) 

Integrity (composition)  

Integrity (structure)  
Integrity (function)  
Connectivity (connect 
what) Ecosystems 

Connectivity 
(matrix/resistance) N/A 

Connectivity 
(movement model) N/A 

Connectivity (metric) N/A 

Connectivity (outputs) N/A 

Connectivity (notes)  
Output data values  
Output scale 
(s=spatial, t=temporal, 
I=intensity)  
Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  

https://portal.geobon.org/ebv-detail?id=4#summary-view
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Organization  
Update frequency  
References https://portal.geobon.org/ebv-detail?id=4;  

Indicator notes  
 
  

https://portal.geobon.org/ebv-detail?id=4;
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Name River Fragmentation Index 

Acronym RFI 

GBF Goal/Target (Type) Goal A (Complementary) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Freshwater 

Ecosystem Rivers 

Purpose 

To assess the cumulative effect of barriers on connectivity in a river 
network. The RFI is conceptually similar to the Dendritic Connectivity 
Index (DCI; Cote et al., 2008). It focusses on the connectivity for 
potodromous species. The main difference here is that the RFI 
substitutes river length for a measure of river size (flow volume or 
upstream area) when calculating the index. This technique estimates 
greater connectivity losses in larger rivers, compared to the original DCI.  

Integrity (composition) N/A 

Integrity (structure) Structure (naturalness) 

Integrity (function) N/A 

Connectivity (connect 
what) River reaches 

Connectivity 
(matrix/resistance) Structural (naturalness) 

Connectivity 
(movement model) N/A 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Statistics 

Connectivity (notes) Can include natural barriers (waterfalls) if available. 

Output data values Percent connected (0 - 100%) 

Output scale (s=spatial, 
t=temporal, I=intensity) 

S: catchment/basin 
T: N/A 
I: continuous 

Data sources 

Global scale river network data is available (HydroRIVERS). Any river 
network that has upstream/downstream connectivity information can be 
used 

Output (summaries) River basin, or subbasin scale 

Output (data)  
Output (code) Open source 
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Other resources  
Computation Python script running on regular PC 

Organization  
Update frequency  

References 

Grill, G., Lehner, B., Lumsdon, A. E., MacDonald, G. K., Zarfl, C., & 
Liermann, C. R. (2015). An index-based framework for assessing patterns 
and trends in river fragmentation and flow regulation by global dams at 
multiple scales. Environmental Research Letters, 10(1), 015001. 
doi.org/10.1088/1748-9326/10/1/015001. 

Indicator notes  
 
  

http://doi.org/10.1088/1748-9326/10/1/015001
http://doi.org/10.1088/1748-9326/10/1/015001
http://doi.org/10.1088/1748-9326/10/1/015001
http://doi.org/10.1088/1748-9326/10/1/015001
http://doi.org/10.1088/1748-9326/10/1/015001
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Name Species Habitat Index 

Acronym SHI 

GBF Goal/Target (Type) Goal A (Component) 

GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
GBF Goal/Target (Type)  
Realm Terrestrial 

Ecosystem Unspecified 

Purpose  
Integrity (composition)  

Integrity (structure)  
Integrity (function)  
Connectivity (connect what) Species habitat 

Connectivity (matrix/resistance) Functional (movement) 

Connectivity (movement model) Moving window 

Connectivity (metric) Continuous 0.0 - 1.0 

Connectivity (outputs) Map (movement) 

Connectivity (notes)  
Output data values  
Output scale (s=spatial, 
t=temporal, I=intensity)  
Data sources  
Output (summaries)  
Output (data)  
Output (code)  
Other resources  
Computation  
Organization  
Update frequency  

References 

Powers, R. P., & Jetz, W. (2019). Global habitat loss and extinction 
risk of terrestrial vertebrates under future land-use-change 
scenarios. Nature climate change, 9(4), 323-329. 
https://doi.org/10.1038/s41558-019-0406-z 

Indicator notes  

https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1038/s41558-019-0406-z
https://doi.org/10.1038/s41558-019-0406-z

