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Interpreting Topography 
▪ The objective with this is to ascertain where the “high” and “low” points are in the 

landscape (assuming there are any and they aren’t just a flat, low elevation, flood-
prone slab). 

▪ A promising measure is the topographic position index (TPI), which is a 
neighbourhood-based statistic for assessing relative position: 

 
 

𝑇𝑃𝐼 = 𝑖𝑛𝑡((𝑑𝑒𝑚 − 𝑓𝑜𝑐𝑎𝑙𝑚𝑒𝑎𝑛(𝑑𝑒𝑚, 𝑎𝑛𝑛𝑢𝑙𝑢𝑠, 𝑖𝑟𝑎𝑑, 𝑜𝑟𝑎𝑑)) + 0.5)1 

 
Positive TPI values indicate “top” of topographic gradients, and negative TPI values 
indicate “bottom” of topographic gradients. 
 
Notice that the previous is an integer-rounded formula. Wilson et al. (2007) provide 
a non-integer-rounded analog for bathymetric position calculations: 
 

𝐵𝑃𝐼 = 𝑍𝑔𝑟𝑖𝑑 − 𝑓𝑜𝑐𝑎𝑙𝑚𝑒𝑎𝑛(𝑍𝑔𝑟𝑖𝑑, 𝑐𝑖𝑟𝑐𝑙𝑒, 𝑟) 

 
An alternative relative TPI measure (scaled [0,1]) is provided by Bale et al. (2020): 
 

𝑇𝑃𝐼 =
(𝐷𝐸𝑀𝑚𝑒𝑎𝑛 − 𝐷𝐸𝑀𝑚𝑖𝑛)

(𝐷𝐸𝑀𝑀𝐴𝑋 − 𝐷𝐸𝑀𝑀𝐼𝑁)
 

 
The previous was applied in ArcGIS using the focal statistics tool for an area of 420 
m2 (radius ~ 11.6m).  
 
Q. what’s better: annulus (donut-shaped) neighbourhood (as in the first formula), 
or as a circle (as in the second formula)? (below from ESRI documentation) 

 
 



Q. what are appropriate definitions of the inner and outer radii (irad and orad, 
respectively) in the case of the first formula? What about for the second formula? 
In my experience, if we’re going with a minimum inner radius (e.g., 1m) why not 
just use a circular neighbourhood and be done with it?  

 
▪ Sample analysis suggests that TPI reveals much the same as slope, but with some 

differences. Seems adapt at picking up ridge edges. 
▪ The following example illustrates difference between TPI and slope: 

 
 
 

  
 
 

 

 
▪ Bale et al. (2020) point out that low points in topography can act to pool cool air 

and potentially provide microclimatic “refugia” in the face of climate warming. 
Alternatively, in significantly mountainous landscapes, atmospheric lapse rate and 
orographic effects can be expected to result in cooler, potentially wetter locations 
at upper elevation (depending upon orientation relative to prevailing wind). 

▪ While TPI has potential to separate high and low points on the landscape, ELEV 
itself may provide sufficient predictive power on its own to represent position, and 
SLOPE is also a direct measure of steepness of the gradient, which also a widely 
useful index of topographic change. 

▪ In the Bale et al. (2020) analysis, TPI was only impactful as a covariate for one of the 
three species in the study (Olive-sided Flycatcher). 
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