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Conservation Assessment and Prioritization System (CAPS) 

Statewide Massachusetts Assessment: November 2011 

Introduction 

The Conservation Assessment and Prioritization System (CAPS) is an ecosystem-based (coarse-

filter) approach for assessing the ecological integrity of lands and waters and subsequently 

identifying and prioritizing land for habitat and biodiversity conservation. We define ecological 

integrity as the ability of an area to support biodiversity and the ecosystem processes necessary 

to sustain biodiversity over the long term. CAPS is a computer software program and an 

approach to prioritizing land for conservation based on the assessment of ecological integrity 

for various ecological communities (e.g., forest, shrub swamp, headwater stream) across the 

landscape. 

In November 2011 the Landscape Ecology Program at the University of Massachusetts Amherst 

completed its first comprehensive, statewide assessment of ecological integrity using CAPS. The 

results from this assessment are available from our web site: www.masscaps.org. The results 

are available in four formats. 

¶ Georeferenced TIFF files (GeoTIFFs) for download and use with image viewers, web 

browsers or GIS software 

¶ Arc grids available for download and use with GIS software 

¶ Maps for each city and town in Massachusetts depicting Integrated Index of Ecological 

Integrity (IEI) scores 

¶ aŀǇǎ ŘŜǇƛŎǘƛƴƎ άIŀōƛǘŀǘ ƻŦ tƻǘŜƴǘƛŀƭ wŜƎƛƻƴŀƭ ŀƴŘ {ǘŀǘŜǿƛŘŜ LƳǇƻǊǘŀƴŎŜέ ŀǎ ŘŜŦƛƴŜŘ ƛƴ 

aŀǎǎ59tΩǎ άaŀǎǎŀŎƘǳǎŜǘǘǎ ²ƛƭŘƭƛŦŜ Iŀōƛǘŀǘ tǊƻǘŜŎǘƛƻƴ DǳƛŘŀƴŎŜ ŦƻǊ LƴƭŀƴŘ ²ŜǘƭŀƴŘǎέ 

A companion document, CAPS Technical Guide (to be available in the near future), will discuss 

CAPS in considerably more detail, including the conceptual underpinning, model verification, 

and more detailed descriptions of individual metrics. 

Overview of CAPS 

The first step in the CAPS approach is the characterization of both the developed and 

undeveloped elements of the landscape. Developed land uses are grouped into categories such 

as various classes of roads and highways, high-intensity urban, low-density residential, 

agricultural land, and other elements of the human dominated landscape. Undeveloped 

όάƴŀǘǳǊŀƭέύ ƭŀƴŘ ƛǎ ƳŀǇǇŜŘ ōŀǎŜŘ ƻƴ ŜŎƻƭƻƎƛŎŀƭ ŎƻƳƳǳƴƛǘȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ όŜΦƎΦΣ forest, coastal 

beach, shrub swamp, salt marsh, bog, pond). 

http://www.masscaps.org/
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With a base map depicting various classes of developed and undeveloped land, we then 

evaluate a variety of landscape-ōŀǎŜŘ ǾŀǊƛŀōƭŜǎ όάƳŜǘǊƛŎǎέύ ŦƻǊ ŜǾŜǊȅ Ǉƻƛƴǘ ƛƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜΦ ! 

metric may, for example, take into account the micrƻŎƭƛƳŀǘƛŎ ŀƭǘŜǊŀǘƛƻƴǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ άŜŘƎŜ 

ŜŦŦŜŎǘǎΣέ ƛƴǘŜƴǎƛǘȅ ƻŦ ǊƻŀŘ ǘǊŀŦŦƛŎ ƛƴ ǘƘŜ ǾƛŎƛƴƛǘȅΣ ƴǳǘǊƛŜƴǘ ƭƻŀŘƛƴƎ ƛƴ ŀǉǳŀǘƛŎ ŜŎƻǎȅǎǘŜƳǎΣ ƻǊ ǘƘŜ 

effects of human development on landscape connectivity.  

Integrity metrics - Beginning with a digital base map depicting various classes of developed and 

undeveloped land and a number of auxiliary layers representing anthropogenic alterations 

(such as road traffic and imperviousness) and ecological variables (such as wetness and stream 

gradient), we computed a variety of landscape metrics to evaluate ecological integrity for every 

point in the landscape. A metric may, for example, take into account how well a point in the 

landscape is connected to similar points, the intensity of traffic on nearby roads, or the 

expected vulnerability to invasions by exotic plants. Appendix C lists the landscape metrics used 

in CAPS. 

Various metrics are applied to the landscape and then integrated in weighted linear 

combinations as models for predicting ecological integrity. This process results in a final Index 

of Ecological Integrity (IEI) for each point in the landscape based on models constructed 

separately for each ecological community. Intermediate results are saved to facilitate analysisτ

thus one can examine not only a map of the final indices of ecological integrity, but maps of 

road traffic intensity, connectedness, microclimate alterations, and so on. Note that metrics do 

not apply to developed landτall cells corresponding to developed land cover types are given an 

index of ecological integrity (IEI) score of zero, even though we recognize that some developed 

land may contribute to the conservation of biodiversity. 

Combining Metric Results ς Results from the landscape metrics are rescaled, weighted, and 

then combined into an overall index of ecological integrity. First, the results of each metric are 

rescaled by percentiles for each community so that, for instance, the best 10% of marshes have 

values ² 0.90, and the best 25% have values ² 0.75. This is done to adjust for differences in 

units of measurement among metrics and to account for differences in the range of metric 

values for each community. The rescaling by community is done to facilitate identification of 

ǘƘŜ άōŜǎǘέ ƻŦ ŜŀŎƘ ŎƻƳƳǳƴƛǘȅΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ǘƘŜ ōŜǎǘ ƻǾŜǊŀll ς which is strongly biased 

towards the dominant, matrix-forming communities (i.e., forest).  

Next, the rescaled values are weighted (weights are assigned by expert teams), to reflect the 

relative importance of each metric for each community (Appendix F), and then added together 

to compute an overall index of ecological integrity. Thus, the final index of ecological integrity 

for each cell is a weighted combination of the metric outputs for that cell, based on the 

community within which the cell falls. 
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Identifying and Prioritizing Land for Conservation Action ς Among its many uses, the index of 

ecological integrity can be used alone or in combination with other approaches to identify and 

prioritize land for conservation. The index can be used, for example, to identify the top 10% or 

30% of the land likely to provide the greatest ecological value over time and providing an 

effective and credible basis for strategic land conservation. It is important to note that the 

ecological integrity scores for land depend on the geographic extent of the analysis area. This is 

because the rescaling of the metrics is done to identify the best of the available lands, yet the 

άŀǾŀƛƭŀōƭŜ ƭŀƴŘǎέ ǾŀǊƛŜǎ ǿƛǘƘ ƎŜƻƎǊŀǇƘƛŎ ƭƻŎŀǘƛƻƴ ŀƴŘ ŜȄǘŜƴǘΦ Thus, the best example of a 

particular community within a certain geographic extent might be a relatively poor example 

when assessed over a much larger extent. For this reason, CAPS can rescale the index of 

ecological integrity to reflect conditions within geographic units that make up the full area of 

analysis. The November 2011 CAPS assessment provides results at three geographic scales: 

statewide, major watersheds, and ecoregions. 

Project Area 

This analysis was done for the entire Commonwealth of Massachusetts. Estuarine waters and 

salt ponds were included, but open ocean is not treated as a community by CAPS. Data 

limitations at state boundaries affect values near the borders with other states, though all of 

our metrics correct for edges (with the assumption that conditions beyond data edges are 

similar to those in the vicinity). Flow volume and stream sizes for rivers flowing into 

Massachusetts are accounted for, using flow accumulation data from the National Hydrography 

Dataset. Although the Spring 2009 CAPS run included all of Massachusetts, this is the first 

version to fully assess coastal community types using the coastal metrics. 

Methods 

Input Data 
 
GIS data from a variety of sources were combined to create a base map depicting natural 

communities, developed land types, and roads. Appendix B describes the GIS data used. All 

data are mapped in 30 m grids. The final land cover layer depicts natural communities, 

development and roads. See Appendix E for a description of natural communities, and 

Appendix H for the land cover classification. Other data layers depict subsets of this final land 

cover, including roads, railroads, and streams layers. A set of 23 Ecological Settings variables 

(Appendix D) describe abiotic, vegetational, and anthropogenic attributes of each cell. Finally, a 

number of ancillary layers are used by specific metrics. These include elevation, flow direction, 

flow resistance, and traffic rates. 
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CAPS Analysis 
 
The full details of the CAPS analysis conducted for this project are beyond the scope of this 

report (see the forthcoming CAPS Technical Manual). Briefly, once the input data layers are 

created, analysis in CAPS requires a model to be defined for each natural community or broad 

ecological system. 9ŀŎƘ ŎƻƳƳǳƴƛǘȅΩǎ ƳƻŘŜƭ Ŝƴǘŀƛƭs selecting a number of metrics and weighting 

them by importance for that community. This model parameterization was originally done by 

three expert teams as part of the Housatonic watershed pilot project. An expert team for 

coastal communities met in 2010. Additional parameterization and some necessary 

modifications were done for this project by Kevin McGarigal, Scott Jackson, and Brad Compton. 

Andy Finton, Alison Bowden, and Jessica Dyson from The Nature Conservancy (TNC) provided 

valuable insights into parameters. The metrics selected for each of the communities and their 

relative weights are listed in Appendix F.  

The parameterized model is run on the input layers using the CAPS software, written at UMass 

by Brad Compton and Eduard Ene. This software produces an output grid for each metric. 

Metrics fall into two groups: stressor metrics (such as road traffic, invasive plants, or nutrient 

enrichment), and resiliency metrics (similarity, connectedness, and aquatic connectedness). 

Stressor metrics measure anthropogenic stressors that reduce the integrity of a site, while 

resiliency metrics measure the intrinsic ability of a site to maintain its ecological integrity, 

despite the impact of anthropogenic stressors. Resiliency metrics, in reflecting the current 

landscape, do take into account anthropogenic stressors such as road traffic and impervious 

surfaces. The three resiliency metrics are based on the ecological distance among cells 

computed using the ecological settings variables described in Appendix D. 

These output grids are rescaled, weighted, and combined into final index of ecological integrity 

(IEI) values. The IEI for each cell is a weighted combination of the metric outputs for that cell, 

based on the community in which the cell falls. Results are rescaled by percentiles, so that, for 

instance, the best 10% of marshes have values ² 0.90, and the best 25% have values ² 0.75. A 

separate analysis allows each cell to be assessed in the context of its watershed or ecoregion. 

For these analyses, the IEI is rescaled by percentiles within each watershed or ecoregion. For 

example, if the IEI is rescaled by watershed, a marsh with a value of 0.85 would be interpreted 

as being in the 85th percentile of marshes for its watershed. When rescaling by the full extent 

(statewide), the high-valued forests are primarily in western Massachusetts; rescaling by 

ecoregion or watershed spreads high IEIs more equitably across the state. 

We rescaled results at three extents (full extent, rescaled by major watershed, and rescaled by 

ecoregion), plus a final integrated rescaling. The integrated rescaling uses the maximum score 

from statewide and watershed analyses for each cell in wetland and aquatic communities, and 

the maximum score from statewide and ecoregion analyses for cells in upland communities. 

The resulting IEI is then rescaled again by community to preserve the interpretation (i.e., the 
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top 10% of IEI values represent 10% of the landscape). See Table 1 for a summary of the various 

IEIs. 

Table 1. Summary of different scalings of the Index of Ecological Integrity. 
 
Grid name Extent Explanation 

IEI statewide Each community is scaled across the full extent (statewide) 
IEI-E by ecoregion Each community is scaled separately within each ecoregion 
IEI-W by watershed Each community is scaled separately within each major watershed 
IEI-I integrated IEI result for each community are integrated using combinations of 

statewide, watershed and ecoregion results 

 
CAPS treats the results for each community separately, thus IEI should be compared only within 
communities. IEI is a relative measure, thus a powerline shrubland may have a high IEI, meaning 
that it has high integrity compared to other powerlinesτthis does not imply that it is pristine, 
or that it has more integrity than a medium-IEI wetland. 

Data Accuracy and Limitations 
 
The GIS data used in CAPS comes from a variety of sources, and the quality of these data are 

variable. We integrated these data sources into a single land cover map, with several parallel 

data layers, including settings variables and other ancillary layers. We put considerable effort 

into integrating these input layers in ways that maximized the accuracy of available data, while 

making sure the final map generally makes sense, both visually and for use in the CAPS metrics. 

Because input data came from several different sources, we have no estimate of the accuracy 

of the final data set, nor of the effect errors in the base map may have had on final CAPS 

results.  

bƻōƻŘȅ ǎƘƻǳƭŘ ƘŀǾŜ ŀƴȅ ƛƭƭǳǎƛƻƴǎ ǘƘŀǘ ǘƘŜ ōŀǎŜ ƳŀǇ ǇǊŜǎŜƴǘǎ ŀ άǘǊǳŜέ ŘŜpiction of the 

landscapeτa comparison of the landcover with aerial photos or with familiar places will turn 

up errors in classification and position. Furthermore, the classification is fairly coarse, and 

distinctions between classes such as marsh and shrub swamp are necessarily arbitrary. Many of 

these communities change over time, so our snapshot based on data generated over several 

ȅŜŀǊǎ Ƴŀȅ ŘŜǇƛŎǘ ǘƻŘŀȅΩǎ ōŜŀǾŜǊ ǇƻƴŘ ŀǎ ȅŜǎǘŜǊŘŀȅΩǎ ŦƻǊŜǎǘŜŘ ǿŜǘƭŀƴŘΦ The primary known 

issues with specific input layers are discussed in Appendix B. 

We believe that the effects of many of the data errors will be relatively small. CAPS operates at 

fairly broad scales, looking at the effects of the surrounding landscape on any particular point. 

Small errors in classification and placement (small roads and streams omitted, marshes slightly 

shifted, small forest patches lost because of the grain of the map) will usually have a small but 

negligible effect on final results. In the future we plan to evaluate the effects of various kinds of 

errors on CAPS results. 
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The coarseness of the classification scheme is perhaps a larger issue. Available data 

necessitated lumping many different forest communities into a single class; likewise, many rare 

and small-patch-forming communities are omitted. This leaves CAPS unable to compare 

patches of rich mesic forest to other patches of rich mesic forests, or to evaluate acidic rocky 

outcrops. To the extent possible given data limitations, the settings variables (Appendix D) are 

meant to distinguish among communities at a fine scale; these settings variables are used in the 

similarity, connectedness, and aquatic connectedness metrics. 

CAPS is a comprehensive assessment (models are applied uniformly to all areas) and relies on 

data that are broadly available across Massachusetts. The Index of Ecological Integrity is meant 

to give a general estimate of the integrity of a site, but we recommend using it in conjunction 

with other data in order to get a fuller picture of ecological status of areas within 

Massachusetts, including:  

¶ Sources of degradation that may be mapped but are difficult to model (e.g., toxic 

pollution) 

¶ Sources of degradation that are not comprehensively mapped (e.g., past land use) 

¶ Data that might suggested increased conservation value but that are not 

comprehensively mapped (e.g., certified vernal pools, rare species records) 

¶ Data that might suggest higher conservation value even though it is not related to 

ecological integrity (e.g., protected status, inclusion within an ACEC) 

Results 

CAPS data and results can be downloaded from our web site: www.masscaps.org (see Appendix 

I). CAPS results are available in four formats. 

¶ Georeferenced TIFF files (GeoTIFFs). GeoTIFF file sizes are generally smaller than Arc 

grids. They can be viewed using an image viewer, web browser, or with GIS software. 

GeoTIFFS are available for IEI, land cover, metrics (raw and scaled) and ecological 

settings variables. IEI and scaled metric values in GeoTIFFs are scaled from 0 (low) to 

100 (high). 

¶ Arc grids for use with GIS software. Arc grids are also available for land cover, metrics 

(raw and scaled) and ecological settings variables. IEI and scaled metric values are scaled 

from 0 (low) to 1 (high). 

¶ Maps for each city and town in Massachusetts depicting the Integrated Index of 

Ecological Integrity (IEI-I) scores. These maps are in the form of high-resolution PDFs 

depicting areas in the top 50% of values using integrated IEI scores. Ecological 

communities are differentiated by color for the following categories: forest (green), 

http://www.masscaps.org/
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shrubland (orange), coastal uplands (yellow to brown), coastal wetlands (cyan) and 

freshwater wetlands and aquatic (blue). For all ecological community types darker 

colors indicating higher-valued cells. 

¶ aŀǇǎ ŘŜǇƛŎǘƛƴƎ άIŀōƛǘŀǘ ƻŦ tƻǘŜƴǘƛŀƭ wŜƎƛƻƴŀƭ ŀƴŘ {ǘŀǘŜǿƛŘŜ LƳǇƻǊǘŀƴŎŜέ ŀǎ ŘŜŦƛƴŜŘ ƛƴ 

aŀǎǎ59tΩǎ Massachusetts Wildlife Habitat Protection Guidance for Inland Wetlands. 

These maps, ŀƭǎƻ ƪƴƻǿƴ ŀǎ άLƳǇƻǊǘŀƴǘ Iŀōƛǘŀǘέ ƳŀǇǎΣ ŀǊŜ available as high-resolution 

PDFs for each town and city. They are based on the integrated index of ecological 

ƛƴǘŜƎǊƛǘȅ ŀƴŘ ŘŜǇƛŎǘ ŀƭƭ ŀǊŜŀǎ όƴƻǘ Ƨǳǎǘ ǊŜƎǳƭŀǘŜŘ άǊŜǎƻǳǊŎŜ ŀǊŜŀǎέύ ǘƘŀǘ ǎŎƻǊŜ ƛƴ ǘƘŜ ǘƻǇ 

40% for IEI-I. Areas ǎƻ ŘŜǎƛƎƴŀǘŜŘ ŀǎ άIŀōƛǘŀǘ ƻŦ tƻǘŜntial Regional and Statewide 

LƳǇƻǊǘŀƴŎŜέ ǊŜǇǊŜǎŜƴǘ пл҈ ƻŦ ǘƘŜ ǳƴŘŜǾŜƭƻǇŜŘ ƭŀƴŘǎŎŀǇŜ ŀǎ ǿŜƭƭ ŀǎ пл% of each 

ecological community (e.g. forest, shallow marsh, shrub swamp, forested wetland, salt 

marsh). άLƳǇƻǊǘŀƴǘ Iŀōƛǘŀǘέ Řŀǘŀ ŀǊŜ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ŦƻǊ Řƻǿƴƭƻŀd as Arc grids or 

GeoTIFFs. 

CAPS results are best explored interactively, using a GIS that can display grids (e.g., ArcView, 
ArcMap or QGIS). See Appendix I for information on downloading data. The most generally 
useful results are the landcover and IEI grids.  
 
The landcover grid (Fig. 1) represents developed land and broad natural communities. 
Landcover classes and names are listed in Appendix H, and ArcView, ArcMap and QGIS legends 
are provided with the data.  The TIFF version of landcover is already colored appropriately, so 
no separate legend file is required. 
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Fig. 1. Landcover for the town of Montague.  

 
The IEI grids present the Index of Ecological Integrity at four scales: the entire project area 
(statewide), watershed, ecoregion, and integrated. Figures 2 through 5 show statewide IEI (Fig. 
2), IEI scores rescaled by watershed (Fig. 3) and by ecoregion (Fig. 4), and integrated IEI (Fig. 5), 
with darker colors indicating higher-valued cells. Note that in Figure 2 most of the high-value 
falls in forests in the western half of the state. In Figures 3, 4 and 5 the ecoregional and 
watershed scaling has reallocated the high IEIs across the state. 
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Fig. 2. Statewide IEI (IEI).  

 

Fig. 3. IEI rescaled by Major Watershed (IEI-W).  
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Fig. 4. IEI rescaled by Ecoregion (IEI-E).  

 

Fig. 5. Integrated IEI, a combination of statewide, watershed and ecoregionally scaled 
results (IEI-I).  



  

12 

 

Fig. 6. Integrated IEI (IEI-I) depicted using a five-color scheme: forest (green), shrubland 
(orange), coastal upland (yellow to brown), freshwater wetlands and aquatic (blue) and 
coastal wetlands (cyan). For all community types darker color represents higher IEI-I scores. 

 
Figure 6 depicts the integrated IEI using a five-color scheme that makes it easier to differentiate 
among various groups of ecological communities. Because IEIs are scaled from 0 to 1 by 
percentiles within each community, images such as Figures 2 through 5 tend to be visually 
dominated by the values for forest communities because the landscape of Massachusetts is 
mostly forest. The five colors represent five broad groups of ecological communities: forest, 
shrubland, freshwater wetland and aquatic, coastal wetland and coastal upland. By using 
different colors to represent these five broad community types it is easier to recognize high-
quality stream segments and patches of shrubland, wetlands and coastal communities that 
might otherwise go unnoticed among the large patches of forest throughout much of the state 
(Fig. 7 and 12). 
















































































