Lab: Mapping Corridors, Pinchpoints, and Restoration Opportunities

Brad McRae

Updated March 28, 2013
Please send suggestions for improvements to me at bmcrae@tnc.org

For this lab, you’ll be using the Linkage Mapper Toolkit to map corridors between core areas (large patches of semi-natural vegetation) in eastern Washington.  This lab uses three Linkage Mapper modules: Linkage Mapper (to map corridors), Pinchpoint Mapper (to map constrictions or “bottlenecks” in corridors), and Barrier Mapper (to map important barriers and restoration opportunities). User guides for each of these tools are included in the Linkage Mapper download.
Here’s the study area:
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 (A) 60 km by 80 km study area in eastern Washington, USA, containing two natural landscape blocks to be connected (green). (B) Resistance map used to model corridors in a recent multi-partner connectivity analysis across the Columbia Plateau Ecoregion; values range from 1 (white) to 1000 (black). Low resistance areas include native grassland and shrub-steppe, whereas high resistance areas include roads, developed areas, and agriculture.
The bright green core areas were identified by the Washington Wildlife Habitat Connectivity Working Group as having high “landscape integrity,” i.e. as being contiguous areas with low levels of human modification like roads, agriculture, and power lines. They are home to several species of conservation concern, like Greater Sage-Grouse, and connecting them is a conservation priority for state and federal agencies.

1) First, you’ll need to download the data and open the mxd file to display it.

a) Download the lab data (if you haven’t already) from:

https://code.google.com/p/linkage-mapper/downloads/list
Unzip it and place it in a shallow directory with no spaces or special characters (something like C:\LM_LAB).

b) Open LM_Lab.mxd in ArcMap.  

c) In ArcMap, make sure the Linkage Mapper Toolkit is installed.  Click Geoprocessing >> ArcToolbox.  If Linkage Mapper isn’t in the list, right-click on ArcToolbox and click “Add Toolbox.”  Browse to LM_Lab\LinkageMapper1_X_X\toolbox and add “Linkage Mapper Arc10.tbx.”

Take some time to look at the base imagery, core areas, and resistance surface.  Based on the resistances (lower is better), where do you think the most important areas for movement between the two core areas might be?

2) Map the least-cost corridor between the two core areas using Linkage Mapper.  To do this, open the Linkage Mapper Toolkit and navigate to ‘Build Network and Map Linkages’ as shown below:
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Use the settings below.  “Pre_Restoration” will be your project directory, which is where outputs will be written.

Note: with any of these tools, if you get errors and you’re sure you have the settings right, save your work, restart ArcMap, and try again.
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Linkage Mapper will create two corridor files (both located in the project directory under Pre_Restoration\output\corridors.gdb) plus a map of cost-weighted distances to the nearest core area (in cwd.gdb) and least-cost path lines (in link_maps.gdb).

Close LM_Lab.mxd and open LM_Lab_Results.mxd to view the corridor and least-cost path maps.  Note that one corridor raster fills the entire study area. The other is truncated (clipped) to show just the best part of the corridor.  Corridors have lower values for routes 76close to the least cost path, higher values for routes that are more costly.
Use the information button to click on the LCP polyline.  This will give you statistics on the corridor including:

-CW_Dist: total cost-weighted distance (in weighted meters) incurred moving along the least-cost path.  
-LCP_Length: total (un-weighted) length of the least-cost path.
It will also provide ratios of these quantities to give you an idea of resistance encountered per unit distance (again, lower is better).

Next we’ll run Circuitscape within the corridor to map pinch points. This produces current flow maps that identify and map pinch points (i.e. constrictions, a.k.a. bottlenecks or choke points) in least-cost corridors.  

3) In the Linkage Mapper Toolbox, click on ‘Pinchpoint, Barrier, and Centrality Mapping Tools.’  Map pinch points within the corridor using Pinchpoint Mapper with the following settings:
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This tool will run Circuitscape, injecting current into one core area and letting it flow through the corridor to the other core area.  The cutoff distance of 200,000 tells the tool to limit current to a cost-weighted corridor ‘width’ of 200 km (the same as the truncated corridor you mapped earlier). Current will concentrate in areas where corridors get narrow.  
Add in the result from the run.  The pinchpoint map will be in LM_Lab\Pre_Restoration\output\pinchpoints.gdb.

Examine the pinchpoint map.  The higher the value, the more the corridor is constricted at the pinch point.  Does the pinch point map give you any extra information or insight into important areas for connectivity in this landscape? 

Click on the LCP line again (because it was modified by Pinchpoint Mapper, you might have to browse to link_maps.gdb to remind ArcMap where it is).  This will give you new statistics on effective resistance.  This is a measure of connectivity that complements least-cost distances (it gets smaller with wider corridors or with more routes between two patches).

4) Map barriers (some of which might represent restoration opportunities) using the Barrier Mapper tool and the following settings.  This will use a search radius of 1km (detecting effects of barriers up to 2km across):
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Add in the result from the run.  You’ll want to display the Barrier CIRCLES raster within LM_Lab\Pre_Restoration\output\barriers.gdb.

Higher numbers indicate barriers that have the strongest effect cost-weighted distances between the core areas.  Restoring these would most improve connectivity.  Have a look at the barriers and at the resistance surface under them.  Do all of the areas identified as barriers make sense to you?

5) Next, we’ll simulate a restoration in one of the areas identified by Barrier Mapper.  Instead of focusing on a barrier in the least-cost corridor, we’ll restore one entirely outside the corridor.  It’s not a particularly strong barrier, but because it doesn’t fall on the least-cost path, we know that its restoration would completely re-route the least cost corridor.

Add the “Restoration_Area” polygon located in LM_Lab\LM_Lab_Data to see the target area, a 1km2 (500 m x 2 km) strip of agricultural land.  The resistance layer we’ll use for the next round will simulate restoring this area to natural vegetation by lowering its resistance.
Repeat steps 2-4 using “Post_Restoration” as your project directory and ‘LI Resistance RESTORED’ as the resistance raster in all of the tools.  This raster has the simulated restored area-  the resistance in the restoration polygon has been reduced to 1, the same as natural vegetation.

[image: image6]
Now add in the results from these new runs to your project (they will be in their respective geodatabases in the LM_Lab\Post_Restoration\output directory).  Compare the corridors, pinchpoints, and new restoration opportunities.  Click on the post-restoration LCP polyline to get new corridor statistics.

How do the corridor statistics compare to the old corridor statistics?  Visually, how do the corridors compare?
How does the barrier map compare to the earlier one?

What does the strong effect of restoring a 1km2 strip of land say about the sensitivity of corridor maps to base data?

If you were a conservation planner, which maps do you think would be most useful to you?

6) If you have time, try the following:

Display the raw cost-weighted distance maps in cwd.gdb.  Take some time to look at these (you will probably want to try different color ramps and classification schemes to really get a good feel for them).  Think about how resistance accumulates as you move outward from a core area.  Can you tell from them where the least-cost corridor would be?  Or where barriers might be?  Does examining these maps give you a better feel for connectivity in the area or not? 
Try re-running Pinchpoint Mapper with larger CWD cutoff distances (say, 2 million) and compare the results. This can show areas that add redundancy (alternative routes).  Do any of these areas seem like they’d be important for conservation?
Try restoring different areas by editing either of the resistance rasters, and observe the effect on corridor location and quality. [image: image7.emf] 
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