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Introduction

Results

F

ine-scale forest health data
are increasingly available across
broad regions. Geographic
analyses of these data can help
identify locations of forest health
concern, but it is a challenge to
present this information in ways
that are relevant for policy and
management decisions.

 The SASH approach identifies
statistically significant clusters of
forest health threats using broadscale data sources.
2014
2014

We describe here an approach to
identify locations where forest
threats occur at greater or lower
frequencies than expected by
chance (Potter et al. 2016).
This method is a standard
component of annual national
reports on forest health status and
trends across the United States.

2015

Hotspots of high fire
occurrence densities were
detected in northern California
and the interior Northwest in
2014, 2015 and 2016 (Figure 2).
Lower intensity hotspots were
also detected in the Southeast.
 Hotspots of high tree mortality
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Figure 2: Hotspots of forest wildfire occurrence across the United States, from
the Moderate Resolution Imaging Spectroradiometer (MODIS) Active Fire
Detections database. Values are Getis-Ord Gi* scores for 2014, 2015, and 2016
fire occurrence densities (Potter and Conkling 2016, 2017, in press). Values
greater than 2 represent areas of significant clustering of high fire occurrences.

in 2015 were caused by bark
beetle species in the West, and
by sudden oak death in California
(Figure 3). Hotspots in the East
were caused by emerald ash
borer and gray brown sap rot.

Method Overview

T

he Spatial Association of Scalable Hexagons (SASH) approach is
based on a hexagonal sampling frame optimized for spatial
neighborhood analysis, adjustable to the appropriate spatial resolution,
and applicable to multiple data types. The method:
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 Divides the United States into equal-area hexagonal cells of the
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appropriate area (Figure 1A) and

 Uses a Getis-Ord (Gi*) hotspot analysis (Getis and Ord 1992) to

Spruce beetle

identify geographic clusters of forested hexagons with high values
for the forest threat, such as wildfire (Figure 1B) or insect and
disease damage (Figure 1C) in ArcMap® 10.1.
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Figure 3: Hotspots of 2015 mortality associated with
insects and diseases, from the national Insect and
Disease Survey. Values are Gi* scores for exposure to
mortality agents (Potter and Conkling 2017). Values
greater than 2 represent areas of significant clustering
of high exposure to mortality agents.

Discussion
(C)

T

he SASH method is a “big data” analysis tool useful for ecological
studies that require rigorous testing of hypotheses within a spatial
framework. It can be applied easily across many regions and datasets.

It is useful for understanding macroscale patterns and processes
associated with forest health threats, and for identifying high-impact
areas where specific management activities may be needed.
Figure 1: (A) hexagonal sampling frame of the continental United States, consisting
of 9,810 hexagonal cells of 834 km2. The Gi* statistic for each hexagon sums the
differences between the mean values in a local sample (inset) and the global mean
of all the hexagons in the analysis; data analyzed here are (B) MODIS satellite fire
occurrence detections and (C) mortality data from national aerial survey efforts.
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Method Details

orest health data are aggregated to hexagons, which are compact
and uniform in their distance to the centroids of neighboring
hexagons (useful attributes for a spatial neighborhood analyses).

The hotspot statistic Gi* (Figure 1A) is a standardized z-score with a
mean of 0 and a standard deviation of 1, with values > 1.96 indicating
significant clustering of high threat values (p < 0.025) and values
< -1.96 indicating significant clustering of low values.
Data analyzed here are (1) forest fire occurrences detected daily by
MODIS satellite for 2014, 2015, and 2016 (Figure 1B) and (2) forest
mortality caused by insects and diseases, from 2015 national aerial
survey data (Figure 1C). For the analysis, all are standardized by the
amount of forest area within each hexagon.

S

Application

ASH analyses (of forest fire
occurrences and mortality/
defoliation caused by insects and
disease) are presented annually
in Forest Health Monitoring:
Status, Trends and Analysis
reports published by the U.S,
Forest Service, available online.

https://fhm.fs.fed.us/pubs
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