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APPENDIX 2

Calculation of Threat Rating in Miradi Conservation Planning Software

Among a variety of sub-tools, Miradi conservation planning software allows practitioners to use expert input to rate a number of anthropogenic threats (e.g. poaching, agricultural conversion, overfishing) in an absolute sense, based on their absolute impact over the time period of the practitioners own choice. Each threat identified by the practitioner is given an overall rating based on a combination of the threat's scope, severity, and irreversibility to each the conservation project's ‘targets’, a small set of predominant ecosystems, keystone and threatened species. Although Miradi and the Open Standards for Conservation Planning are referenced in the literature, and definitions of scope and severity are provided in Groves (2003), the description below is the first description of the details of the threat rating methodology in the literature.

Rating each threat-target combination

For each threat-target combination that is applicable to the project, ratings for Scope, Severity, and Irreversibility are provided, using the following definitions and objective criteria.
Scope
Most commonly defined spatially as 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, this is measured as the proportion of the target's occurrence. For species, this is measured as the proportion of the target's population.

· 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.

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

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

· 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.

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, this is typically measured as the degree of destruction or degradation of the target within the scope. For species, it is usually measured as the degree of reduction of the target population within the scope.

· 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.

· 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.

· 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

· 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.

Irreversibility (Permanence) is the degree to which the effects of a threat can be reversed and the target affected by the threat restored.

· 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).

· 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).

· 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).

· Very High: The effects of the threat cannot be reversed and 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 center).

For each threat-target combination of Scope, Severity, and Irreversibility, a rule-based algorithm provides a calculation of Overall Threat. The Threat Magnitude table shows the rule-based procedure for combining the rankings for the Scope and Severity variables to get a ranking of Threat Magnitude. Under these rules, if a threat is rated 'low' on either variable, then the magnitude is 'low' overall. 

	Threat Magnitude Table
	Scope

	
	
	4 = Very High
	3 = High
	2 = Medium
	1 = Low

	Severity


	4 = Very High
	4 = Very High
	3 = High
	2 = Medium
	1 = Low

	
	3 = High
	3 = High
	3 = High
	2 = Medium
	1 = Low

	
	2 = Medium
	2 = Medium
	2 = Medium
	2 = Medium
	1 = Low

	
	1 = Low
	1 = Low
	1 = Low
	1 = Low
	1 = Low


The Overall Threat Rank for each threat-target combination is calculated by integrating Threat Magnitude and Irreversibility ratings as shown in the Overall Threat Rank Table.

	Overall Threat Rank Table

	
	Irreversibility

	
	
	4 = Very High
	3 = High
	2 = Medium
	1 = Low

	Magnitude
	4 = Very High
	4 = Very High
	4 = Very High
	4 = Very High
	3 = High

	
	3 = High
	4 = Very High
	3 = High
	3 = High
	2 = Medium

	
	2 = Medium
	3 = High
	2 = Medium
	2 = Medium
	1 = Low

	
	1 = Low
	2 = Medium
	1 = Low
	1 = Low
	1 = Low


Combining individual threat-target combinations into overall threat, target, and site ratings

Miradi uses a combination of rules for rolling up ratings across targets and threats, and for the project as a whole.

The table below shows combined ratings for each target (bottom row), combined ratings for each threat (far right column), and a combined rating for the entire site (lower right corner ). These combined ratings are based on rolling up of the individual threat-target ratings in the right-most column, using what are referred to as 3-5-7, 2-Prime, and Majority Override rules.

3-5-7 Rule

Multiple threats to individual targets and multiple target threat scores are first combined together using the 3-5-7 rule:

· 3 High rated threats are equivalent to 1 Very High-rated threat;

· 5 Medium rated threats are equivalent to 1 High-rated threat;

· 7 Low rated threats are equivalent to 1 Medium-rated threat

In the example below, the second row shows the ‘Housing’ threat. There are 3 High ratings (which equals 1 Very High) and 1 Very High rating, so it is treated as if it had two Very High ratings. In the ‘Ione Chapparal’ target column, there are 5 Medium ratings (which equals one High), plus one High, for a total equivalent of 2 High ratings.

2-Prime Rule

After the 3-5-7 rule has been applied, the 2-prime rule is used to determine the rolled up rating for a target, a threat, or for the whole project. This rule requires the equivalent of two ratings at a certain level for the end result to be that level. For example, there would have to be the equivalent of at least two Very High ratings to produce a Very High result, or two ratings of Medium or above to produce a Medium result.

In the example below, the ‘Housing’ threat row has the equivalent of two Very High ratings (due to the 3-5-7 rule), so the result is Very High. The ‘Recreational Vehicles’ threat row has one Medium rating and one Low. Since it does not have two or more Mediums, the result is Low.

Majority Override

The Majority Override rule ensures that the overall project rating is not reduced too much by the other rules. Normally, the overall project rating is a rollup of the threat ratings, using the rules above. However, if a majority of the targets have a rating higher than that computed rollup, then that majority rating is used instead.

For example, if the result of using the 3-5-7 and 2-prime rules gave a project rating of Medium, but 4 out of the 6 targets had at least one rating of at High (or Very High), then the Majority Override rule would take effect and the overall project rating would be High.

Active threats across targets
	Threat
	Vernal pool grasslands
	Lower floodplain
	Upper floodplain: chinook salmon
	Upper watershed
	Ione chaparral
	Blue oak woodland
	Overall threat rank

	Farms
	High
	High
	High
	High
	 –
	Very High
	Very High

	Housing
	High
	High
	 –
	High
	Medium
	Very High
	Very High

	Groundwater withdrawal
	 –
	High
	Very High
	 –
	 –
	 –
	High

	Levee and dike construction
	 –
	High
	Very High
	 –
	 –
	 –
	High

	Industrial development
	 –
	 –
	 –
	 –
	High
	High
	High

	Fire suppression
	Medium
	 –
	 –
	High
	 –
	High
	High

	Invasive/alien species: Plants
	High
	Medium
	 –
	 –
	 –
	Medium
	Medium

	Invasive/alien species: Animals
	 –
	Medium
	Medium
	High
	Medium
	 –
	Medium

	Forestry practices
	 –
	 –
	 –
	High
	 –
	 –
	Medium

	Operation of drainage systems
	 –
	 –
	 –
	High
	 –
	 –
	Medium

	Grazing
	Medium
	 –
	 –
	 –
	 –
	Medium
	Medium

	Summary target rank
	High
	High
	High
	Very High
	Medium
	High
	Very High
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APPENDIX 3

Calculation of target viability in Miradi conservation planning software

Among a variety of sub-tools, Miradi conservation planning software (Miradi 2011) allows practitioners to combine ratings of individual ecological indicators for an overall ‘viability’ rating for a given conservation project's ‘targets’, the small set of predominant ecosystems, keystone and threatened species chosen to represent the ecosystems of a project site, large or small. . Although Miradi and the Open Standards for Conservation Planning are referenced in the literature (Schwartz et al. 2012; Heather Moorcroft et al. 2012; Kapos et al. 2009; Jenks et al. 20100, the description below of target viability rating is the first description of the details of the methodology in the literature.

Rating each viability indicator
Each of the viability ranks has a numerical score associated with it:

· Very Good = 4.0

· Good = 3.5

· Fair = 2.5

· Poor = 1.0

This scale is a crude approximation of the underlying continuous viability scale. The non-linear numeric relationship among the viability classes reflects the diminishing return of moving up one class as one moves up the scale. For example, the viability score increases by 1.5 in moving from 'Poor' to 'Fair,' but only increases by 0.5 in moving from 'Good' to 'Very Good.' This is based on the assumption that there is less absolute difference between Good and Very Good (since both ratings reflect viable occurrences) vs. Poor and Fair.

Average viability for a target
Miradi rolls up viability scores using an algorithm. The average viability score across multiple indicators for one conservation target and for all focal conservation targets for the project site is calculated according to the following scale:

· >= 3.75 = Very Good

· 3.00 –3.74 = Good

· 1.75 –2.99 = Fair

· 1.75 = Poor

Average viability for a site
The same averaging procedure as above can be used to provide a viability rating for a project site, large or small. The overall viability of each target is averaged together. While the targets can be weighted in theory, in practice this is difficult and there are no accepted methods for doing so.
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APPENDIX 4

Final selected indicators and indicator ratings
	Target
	Key ecological attribute
	Indicator
	Indicator ratings

	
	
	
	Poor
	Fair
	Good
	Very good

	
	
	
	(Bold = current, Italics = desired)

	Lowland forest ecosystems
	Extent
	% of historical extent (historical baseline = 58 900 km2)
	< 15%
	15–35%
	36–50%
	> 50%

	
	Condition
	% of historical extent undegraded
	< 10%
	10–20%
	21–30%
	> 30%

	
	Connectivity
	Connectivity between fragments (% of fragments connected; currently c. 40% of the lowland fragments are connected to each other and about 70% are connected through upland forests)
	< 20%
	20–40%
	41–60%
	> 60%

	
	
	
	
	
	
	

	Upland forest ecosystems
	Extent
	% of historical extent (historical baseline = 89 900 km2)
	< 40%
	40–60%
	61–80%
	> 80%

	
	Condition
	% of historical extent undegraded 
	< 20%
	20–40%
	40–60%
	> 60%

	
	
	
	
	
	
	

	Montane forest ecosystems
	Extent
	% of historical extent (historical baseline = 38 500 km2)
	< 40%
	40–60%
	61–80%
	> 80%

	
	
	
	
	
	
	

	Peat swamp ecosystems
	Extent
	% of historical extent (historical baseline = 38 500 km2)
	< 25%
	25–50%
	51–75%
	> 75%

	
	Canopy cover
	% of historical extent undegraded 
	< 40%
	40–60%
	61–80%
	> 80%

	
	
	
	
	
	
	

	Limestone ecosystems
	Extent
	% of historical extent (historical baseline = 400 km2)
	< 40%
	40–60%
	61–80%
	> 80%

	
	
	
	
	
	
	

	Heath forest ecosystems
	Extent
	% of historical extent (historical baseline = 4900 km2)
	< 40%
	40–60%
	61–80%
	> 80%

	
	
	
	
	
	
	

	River ecosystems
	Habitat condition
	% natural cover of the four largest watersheds (Kapuas, Barito, Mahakam & Kayan)
	< 40%
	40–60%
	61–80%
	< 80%

	
	Connectivity
	% of length of river with intact 100 m riparian forest buffer on both sides
	< 30%
	30–50%
	51–70%
	> 70%

	
	
	
	
	
	
	

	Bornean elephant
	Population size
	% of historical population size (c. 2000 individuals in 1920, before large scale conversion began) (Ambu et al. 2003)
	< 60%
	60–80%
	81–99%
	> 100% or more

	
	Population distribution
	% of historical distribution 

(c. 27000 km2 in 1920, before large scale conversion began) (Ambu et al. 2003)
	< 40%
	40–60%
	61–80%
	> 80%

	
	Connectivity
	% of subpopulations that are interconnected. The subpopulations were mapped by WWF Sabah
	none
	< 60%
	> 60%
	All

	
	Amount of suitable habitat
	% of historical habitat that is suitable
	Only concentrations
	All remaining habitats
	All remaining suitable
	All original habitats restored

	
	
	
	
	
	
	

	Rhinoceros
	Population size
	Total number of individuals (data from J. Payne)
	< 50
	50–200
	201–500
	> 500

	
	
	
	
	
	
	

	Bornean clouded leopard
	Amount of suitable habitat
	km2 of suitable habitat for viable populations (> 50 individuals)
	< 50 000  km2
	50–150 000  km2
	150–250 000  km2
	> 250 000 km2

	
	
	
	
	
	
	

	Orangutans
	Population density
	Average density in all remaining (2007) peat swamp forests
	< 0.5
	0.5–1.0
	1.0–1.5
	> 1.5

	
	
	Average density in all remaining (2007) lowland forest 
	< 0.5
	0.5–1.0
	1.0–1.5
	> 1.5

	
	
	
	
	
	
	

	Endemic

Nepenthaceae Pitcher Plants
	Extant distribution
	% of historical locations still viable
	< 50%
	50–70%
	71–90%
	> 90%

	
	
	
	
	
	
	

	Banteng
	Population distribution
	% of historical locations occupied
	< 50%
	50–80%
	81–99%
	≥ 100%

	
	
	
	
	
	
	

	Bearded pig
	Periodic large concentrations
	Presence of large numbers (> 50 individuals) at representative sites


	No large numbers present
	Present occasionally
	Present frequently
	Large numbers are resident
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