
ENVIRON 761:
Threat Mapping

Instructor: John Fay



Overview

 Threats to biodiversity

 Classifying threats

 Incorporating threats in conservation planning

 State of spatial analysis in threat mapping



The "Original Conservation Crisis"

Threat = Flood



Today's Conservation Crisis…
http://sedac.ciesin.columbia.edu/wildareas/

http://sedac.ciesin.columbia.edu/wildareas/jpgView/Human_Footprint/World.jpg
http://sedac.ciesin.columbia.edu/wildareas/
http://sedac.ciesin.columbia.edu/wildareas/


Today's Conservation Crisis…



Threat analysis: Central questions

 How does one create these “threat maps”?

 What is a threat? 

 Are threats more severe in selected locations? 

 What role does GIS play in evaluating the impacts of 
threats in conservation planning? 

Lab: Mapping threats to our pronghorn antelope. 



What's causing biodiversity loss?



Threats: Root causes and pathways

Saving Nature's Legacy: 
Protecting And Restoring 
Biodiversity (p 51)

By Reed F. Noss, Allen 
Cooperrider (1994)



Root causes of biodiversity loss

 Demographic change

 Inequality & poverty

 Public policies, markets, and politics

 Macroeconomic policies and structures

 Social change and development biases

In short, it's a pretty complex issue!
(and not one we are prepared to address here)

Stedman-Edwards (1997)

http://awsassets.panda.org/downloads/analytic.pdf

http://awsassets.panda.org/downloads/analytic.pdf


Threats in conservation planning

Defining 

Your Project

Developing

 Strategies & 

Measures

Implementing

 Strategies & 

Measures

Using Results to 

Adapt & Improve



Stresses & Sources 

Stresses: Impair the viability of 
targets, e.g., sedimentation, 

habitat destruction

Sources: The proximate cause of 
the stress, e.g. cows in the stream 



Stresses & Sources 

 Stress: a degraded condition or "symptom" 
observed in a conservation target resulting from a 
direct threat. 
 not a threat in and of itself 

 ecological attribute outside of natural range & variation

 Source: the cause of a given threat

Reduce exposure 
to source

Treat stress



Stresses to a system: examples

 Habitat destruction -- affects area of habitat or 
occurrence area  (Size)

 Altered vegetation structure or composition --
affects characteristic native species  (Condition)

 Altered fire regime -- affects fire intensity /return 
interval  (Landscape Context)



TNC Conservation Action Planning

This step helps you to identify the various factors that 
immediately affect your project’s focal targets and then rank 
them so that you can concentrate your conservation actions 
where they are most needed. Specific questions that this step 
answers include:

 “What threats are affecting our targets?”

 “Which threats are more of a problem?”

http://conserveonline.org/workspaces/cbdgateway/cap/practices/bp_4


TNC Conservation Action Planning

Expected Outputs

 A list of stresses for each focal conservation target.

 Ratings of the scope and severity of each stress.

 A list of sources of stress for each focal conservation target.

 Ratings of the contribution and reversibility for each source.

 A ranking of the sources of stress affecting each focal target and a 
determination of the critical threats affecting your overall project.

http://conserveonline.org/workspaces/cbdgateway/cap/practices/bp_4


TNC Conservation Action Planning

Steps

1. Select a target and review its key ecological attributes

2. Identify stresses / altered key ecological attributes

3. Apply stress-rating criteria and calculate stress rank

4. Identify sources of stress (Use IUCN-CMP taxonomy)

5. Apply source of stress rating criteria & calculate threat rank

…repeat for other targets

…compile threat summary GIS ?

http://conserveonline.org/workspaces/cbdgateway/cap/practices/bp_4


Practical steps to threat mapping (w/GIS)

From Theobald (2013) in Conservation Planning book

1. Identify relevant threats to include in 
the study.

2. Obtain spatial datasets to represent 
each threat.

3. Convert the raw value for each threat
into commensurate units (e.g., from 0 to 1).

4. Specify weights for each threat to reflect 
the relative importance of each.

5. Conduct a sensitivity analysis to evaluate robustness for the 
weighting structure.

Ch. 5 – Land Use
GIS

GIS



1. Identify threats to include in analysis…

TNC: 

Evaluate threats (stresses/sources) individually, 
for each target (or each target group)

 Use multiple sources of threat information
 Experts…

 Literature, reports, databases:
 IUCN

 Natural heritage programs

 NatureServe

 LCCs

 Conservation data centers

 Government agencies

 Spatial data…

http://www.conservationgateway.org/Documents/Std10AnalyzeThreatsFeb06.pdf

http://www.conservationgateway.org/Documents/Std10AnalyzeThreatsFeb06.pdf
http://www.natureserve.org/conservation-tools/projects/gauging-ecological-threats-southeastern-united-states


TNC: Spatial data to identify threats…



1. Identify threats to include in analysis…

Theobald (Ch. 5):

Identify relevant threats to include, striving for 
comprehensiveness and avoiding redundancy when 
identifying each indicator.

Integrating land use and landscape 

change with conservation planning



2. Obtain spatial data to represent threats

Theobald (Ch. 5):

Obtain spatial datasets that best represent each threat 
(indicator), being explicit about what is being measured, what 
the units are, and what scale (grain) is.

Road density

Proportion of 30m pixel
occupied by road

Housing density

# dwellings within 150m
of cell center 

Infrastructure

Presence of power line
or pipeline in cell (1/0)



2. Obtain spatial data to represent threats



Land use vs. land cover…

 Land use = human modification 

 Inferred from land cover

 Many possible uses from a single cover type…



Land use & Conservation Planning

Modification Types 
 Development, habitat alteration*

 For residential and commercial land uses…

 Extractive resource use
 For agriculture, mining, energy production…

 Transportation infrastructure*

 Invasive species
 Purposeful or unknowingly (seeds, plants, pests)

 Hunting, collecting
* Most prevalent in GIS analysis as 

changes can be mapped more easily



Like the periodic table or Linneaus' taxonomic 
system, threats could benefit from a unified 

classification system

Need for a standard lexicon of threats

Salafsky et al. (2007)



Threat taxonomy

 A standard lexicon to unify conservation action

 Guidelines for experts to help identify which threats 
apply to a particular conservation project

 Facilitate cross-project learning & development of 
science (database development)

 Create general summaries for broader 
organizational purposes. 

http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy

http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy


Threats taxonomy (IUCN-CMP)

• clear language & examples; understandable by allSimple

• logical grouping; facilitates use at various levelsHierarchical

• contains all possible threats (at least at higher levels)Comprehensive

• enables new items to be added as discoveredExpandable

• any given item fits in one and only one placeExclusive

• same terms applied at all levelsScalable



Threats taxonomy (IUNC-CMP)

1. Residential & Commercial Development

2. Agriculture & Aquaculture

3. Energy Production & Mining

4. Transportation & Service corridors

5. Biological resource use

6. Human intrusions & disturbance

7. Natural systems modifications

8. Invasive & other problematic species & genes

9. Pollution

10. Geologic events

11. Climate change & severe weather

http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy
http://www.conservationmeasures.org/initiatives/threats-actions-taxonomies/threats-taxonomy


Threat datasets (Theobald, Table 5.4)



2. Obtain spatial data to represent threats

Summary (so far):

 Use experts/literature to identify stresses to targets.

 Use the threat taxonomy to facilitate creating a 
comprehensive but not redundant threat list for each 
target.

 Seek data appropriate to the scale of your analysis.

Next: Weighting and combining threats…



Ranking Threats

WWF Standards of Project and Programme Management:

"Threat rankings provide a systematic process that 
helps teams focus their actions and address the 
most important threats at a site"

http://www.panda.org/standards/1_4_threats_ranking/

http://www.panda.org/standards/1_4_threats_ranking/


Threat Scope
The proportion of the target that can reasonably be expected to be 
affected by the threat within ten years, given the continuation of 
current circumstances and trends.  For ecosystems and ecological 
communities, measured as the proportion of the target’s occurrence.  
For species, measured as the proportion of the target’s population.

4 = Very High: The threat is likely to be pervasive in its scope, affecting the target 
across all or most (71-100%) of its occurrence/population. 

3 = High: The threat is likely to be widespread in its scope, affecting the target across 
much (31–70%) of its occurrence/population. 

2 = Medium: The threat is likely to be restricted in its scope, affecting the target across 
some (11–30%) of its occurrence/population. 

1 = Low: The threat is likely to be very narrow in its scope, affecting the target across a 

small proportion (1-10%) of its occurrence/population.



Threat Severity

Within the scope, the level of damage to the target from the threat 
that can reasonably be expected given the continuation of current 
circumstances and trends. For ecosystems and ecological 
communities, typically measured as the degree of destruction or 
degradation of the target within the scope. For species, usually 
measured as the degree of reduction of the target population within 
the scope. 

4 =  Very High: Within the scope, the threat is likely to destroy or eliminate the target, 
or reduce its population by 71-100% within ten years or three generations. 

3 =  High: Within the scope, the threat is likely to seriously degrade/reduce the target 
or reduce its population by 31-70% within ten years or three generations. 

2 =  Medium: Within the scope, the threat is likely to moderately degrade/reduce the 
target or reduce its population by 11-30% within ten years or three generations. 

1 = Low: Within the scope, the threat is likely to only slightly degrade/reduce the 
target or reduce its population by 1-10% within ten years or three generations.



Threat irreversibility (permanence)

The degree to which the effects of a threat can be reversed 
and the target affected by the threat restored. It is assessed 
for the impact of the threat on the target (stress), not the 
threat itself (source).

4 = Very High: The effects of the threat cannot be reversed, it is very unlikely the 
target can be restored, and/or it would take more than 100 years to achieve this 
(e.g., wetlands converted to a shopping centre).  

3 = High: The effects of the threat can technically be reversed and the target restored, 
but it is not practically affordable and/or it would take 21–100 years to achieve this 
(e.g., wetland converted to agriculture).  

2 = Medium: The effects of the threat can be reversed and the target restored with a 
reasonable commitment of resources and/or within 6–20 years (e.g., ditching and 
draining of wetland) 

1 = Low: The effects of the threat are easily reversible and the target can be easily 
restored at a relatively low cost and/or within 0–5 years (e.g., off-road vehicles 
trespassing in wetland).



Applying Threat Rankings

 Develop a list of all direct threats in your area
 Use IUCN-CMP threat taxonomy as a guide

 List all conservation targets

 Identify which threats affect which targets
 Rank scope, severity, and irreversibility for each target

 Add up the rankings scores for a given target
 Scope + severity = Magnitude 

 Sum up threats across all targets:

Which threat is most dire in your area?



Threat ranking example



Alternative threat ranking schemes

Margolis & Salafsky (1998)

 Considers threats overall for a site, not by target

 Threats ranked on scope, severity, and urgency

(Urgency = importance of taking immediate action)



Threats in conservation planning

Need to evaluate the scope and severity
of threats and understand their causes

1. Organize information on threats

2. Use multiple sources of threats information

3. Describe/diagram their root causes and stresses 

What role does spatial analysis play?



Threat ranking & GIS

 Threat identification

 Estimating threat scope/extent

 Estimating threat severity

 Combining and ranking threats

What role does spatial analysis play?



Case Study: Caribbean Island Assessment

Threats

 Agriculture

 Population Density

 Tourism

http://www.journalconsplanning.org/2008/JCP_v4_4_McPherson.pdf

https://www.conservationgateway.org/ConservationPlanning/SettingPriorities/EcoregionalReports/Documents/CDSS-technical-report-final.pdf
http://www.journalconsplanning.org/2008/JCP_v4_4_McPherson.pdf


Intensity and influence of threats

http://www.journalconsplanning.org/2008/JCP_v4_4_McPherson.pdf

1. Assemble data that best represent risk elements

2. Assign intensity and influence distances 

3. Develop risk tables listing targets and their level of risk

http://www.journalconsplanning.org/2008/JCP_v4_4_McPherson.pdf


Threat: Agriculture

Impact distance based on dispersal potential of pesticide…

Severity

Scope



Threat: Agriculture



Threat: Population Density

" these polygons were 
assigned an influence distance 
of 3 kilometers based on 
logical rationale to account for 
impact overlaps "

Scope

Severity

=0.9217/ (1 +22.6614*EXP(-0.0114*raw cost)).



Threat: Tourism

Severity

Scope



Which buffer distance to pick?

http://www.journalconsplanning.org/2008/JCP_v4_4_McPherson.pdf

http://www.journalconsplanning.org/2008/JCP_v4_4_McPherson.pdf


Theobald: Degree of modification in Colorado

Land 
cover 

Housing 
density

Road 
footprint

Highway 
traffic

Railways Mines

Power 
lines

Cell 
towers



Theobald: Degree of modification in Colorado

1. Create threat layers…



Theobald: Degree of modification in Colorado

2. Combining threat layers…

A. Weighted sum/weighted overlay

o What if threats not independent?

o Major threat may be dampened by absence of other threats

o Not cumulative…

B. Fuzzy logic…



Theobald: Degree of modification in Colorado

2. Combining threat layers…

B. Fuzzy logic…



Theobald: Degree of modification in Colorado

A. Max value

B. Mean value

C. Fuzzy sum



Global Map of Human Impact on Marine Ecosystems



Global Map of Human Impact on Marine Ecosystems



Global Map of Human Impact on Marine Ecosystems

A) pelagic, low-bycatch fishing

B) pelagic, high-bycatch fishing

C) demersal habitat-modifying 
fishing

D) demersal non-habitat-
modifying, low-bycatch 
fishing

E) demersal non-habitat-
modifying, high-bycatch 
fishing

F) shipping



Global Map of Human Impact on Marine Ecosystems

G) nutrients (Western Mediterranean), 

H) organic pollutants (Western 
Mediterranean), 

I) inorganic pollutants (Western 
Mediterranean), 

J) direct human impact (Western 
Mediterranean), 

K) artisanal fishing (central Indonesia), 

L) oil rigs (Gulf of Mexico)



Global Map of Human Impact on Marine Ecosystems

M) invasive species

N) ocean pollution

O) sea temperature changes 

P) UV changes

Q) ocean acidification



Threat forecasting



Threat forecasting



Threat forecasting



Summary: Threat Analysis & Mapping

 It’s harder than you might have thought!

 Getting at root causes is a challenging task…

 Severity and scopes are hard to determine and are 
different for different species….

 Digested threat maps bury a lot of assumptions…



Summary: Threat Analysis & Mapping

 Moving forward:
 Progress toward classifying threats (via taxonomy)

 More insightful understanding of threats in terms of 
stresses and sources

 Where GIS fits in:
 Need to be able to map the sources as features 

 Spatial relationships of scales
 Movement across landscape (e.g. air/water transport)

 Decay from source

 Density functions


