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GRADIENT NEAREST NEIGHBOR IMPUTATION FOR

MAPPING FOREST ATTRIBUTES AND VARIABILITY

Kenneth B. Pierce, Jr., and Janet Ohmann

UDSA Forest Service
Pacific Northwest Research Station

Forestry Sciences Laboratory

Our current project consists of three study areas located in Oregon, Washington, and Cali-
fornia of around 3 million hectares each. The goal of the project is to map forest structure and
composition by combining plot data with spatial data and distributing the plot data spatially
using Gradient Nearest Neighbor imputation.

We use a selection of response variables, which we relate to environmental variables
using canonical correspondence analysis. The loadings and eigenvalues from the ordination
model are then used to locate each sample plot within a multivariate cloud based on their
environmental attributes. For the imputation step, each pixel in the target map area is com-
pared based on its environmental attributes to each plot in the training data set. Each plot is
then ranked using the Euclidean distance from the pixel’s location in gradient space to each
plot, with the closest plot getting the highest rank.

For simple single neighbor imputation, the plot ID of the highest-ranking plot is as-
signed to the target pixel. At the completion of the imputation, each pixel is related to a target
plot and any attribute calculated for a plot can be mapped. The selected plot for imputation
can also be based on a summary statistic from a suite of plots, for example the five plots with
the highest ranks. Imputation methods like kNN impute the summary statistic as the value,
such as mean basal area of the five highest-ranking plots.

Imputation provides for an interesting set of accuracy measurements based on the rank-
ing of potential plots. Since the plots are ranked based on gradient similarity, the highest-
ranking plots for any pixel provide a sampling region related to that plot and if similar enough
can provide a spatial measure of natural variability for each gradient location. That variability
can be expressed by the variance of the high-ranking plots. Additionally a measure of similar-
ity is required to assess whether a sample is actually comprised of similar plots. The distance
in gradient space to these plots can be compared to the distribution of inter-plot distances to
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assess similarity. We map “sampling sufficiency” by designating a threshold distance (e.g. 25th

centile distance) and count how many plots among the 20 highest-ranking plots fall within
this threshold. A plot with 20 close neighbors is considered well sampled and with fewer than
10, poorly sampled.

Imputation is especially useful for retaining covariance between plot attributes and ex-
pressing the full range of variability. However, the presence of natural variability within some
gradient envelope can cause pixel level accuracy to be low in some instances. Imputation of
this sort is probably best used at the small watershed scale or as an accompaniment to more
predictive maps to gauge variability from natural and design sources.



__________________ Gradient Nearest Neighbor Imputation for Mapping Forest Attributes and Variability

Workshop Proceedings: Quantitative Techniques for Deriving National Scale Data

147

Gradient Nearest Neighbor Imputation for Gradient Nearest Neighbor Imputation for 
Mapping Forest Attributes and VariabilityMapping Forest Attributes and Variability

Evaluation of quantitative techniques for deriving National scalEvaluation of quantitative techniques for deriving National scale e 
data for assessing and mapping risk workshop July 26data for assessing and mapping risk workshop July 26--28, 200528, 2005

Kenneth B. Pierce Kenneth B. Pierce JrJr and Janet and Janet OhmannOhmann
Forestry Sciences Lab, PNW Research Station, CorvallisForestry Sciences Lab, PNW Research Station, Corvallis

Objectives/OverviewObjectives/Overview

•• Map fuels and vegetation using Map fuels and vegetation using 
Gradient Nearest Neighbor (GNN) Gradient Nearest Neighbor (GNN) 
methodmethod

•• 3 contrasting 3 contrasting ecoregionsecoregions

•• Assess accuracyAssess accuracy

•• 30 m resolution30 m resolution

•• WaWa 5.0 million Ha.5.0 million Ha.

•• Or 3.1 million Ha.Or 3.1 million Ha.

•• Ca 4.6 million Ha.Ca 4.6 million Ha.

California Sierra
(Mediterranean)

Coastal Oregon
(Maritime)

Eastern Washington
(Temperate steppe)
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Mapping fuels and structureMapping fuels and structure

•• NeedNeed

– Managers require information about fine and 
coarse woody fuels to locate potential fire hazards 
and assist in planning wildfire containment 
responses

•• ProblemProblem

– Fuels are highly variable and require large local 
samples to estimate 

– Fuels and forest structure have only limited 
relationships with spatial variables

MotivationMotivation

•• Passing the “Laugh Test”Passing the “Laugh Test”
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Assessing RiskAssessing Risk

•• Identifying factors which influence riskIdentifying factors which influence risk

– location in a floodplain

– high fuels

– proximity to disease

•• Uncertainty in data and predictionsUncertainty in data and predictions

– Decision-making with uncertainty

Major Steps in GNN mapping:Major Steps in GNN mapping:

•• 1) Data Preparation/Screening1) Data Preparation/Screening

•• 2) Statistical Modeling2) Statistical Modeling

•• 3) Imputation/Map Creation3) Imputation/Map Creation

•• 4) Accuracy Assessment4) Accuracy Assessment

•• 5) Applications and Risk Assessment5) Applications and Risk Assessment
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Data ScreeningData Screening

•• Included multiIncluded multi--condition plots where minimal spectral condition plots where minimal spectral 
variation existedvariation existed

– Half oak woodland/Half mixed conifer (included)

– Half grassland/Half forest (excluded)

– Half grassland/Half oak (ie sparse or savannah) 
(included)

•• Used within plot spectral variability to help assign Used within plot spectral variability to help assign 
heterogeneous plotsheterogeneous plots
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Major Steps in GNN mapping:Major Steps in GNN mapping:

•• 1) Data Preparation/Screening1) Data Preparation/Screening

•• 2) Statistical Modeling2) Statistical Modeling

•• 3) Imputation/Map Creation3) Imputation/Map Creation

•• 4) Accuracy Assessment4) Accuracy Assessment

•• 5) Applications and Risk Assessment5) Applications and Risk Assessment
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Statistical Modeling:Statistical Modeling:
Canonical Correspondence AnalysisCanonical Correspondence Analysis

•• Multivariate statistical methodMultivariate statistical method

– results in a weight for each spatial variable as to 
its relationship with the multiple response 
variables

•• Modeling VariablesModeling Variables--used as model Y’sused as model Y’s

– Structure models (BAC, BAH, STPH, CWD)

– Species models

•• Mapping VariablesMapping Variables--retained with plotretained with plot--map linkmap link
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Major Steps in GNN mapping:Major Steps in GNN mapping:

•• 1) Data Preparation/Screening1) Data Preparation/Screening

•• 2) Statistical Modeling2) Statistical Modeling

•• 3) Imputation/Map Creation3) Imputation/Map Creation

•• 4) Accuracy Assessment4) Accuracy Assessment

•• 5) Applications and Risk Assessment5) Applications and Risk Assessment

Imputing/Assigning plot id’sImputing/Assigning plot id’s

•• Nearest neighbor (single neighbor, retains Nearest neighbor (single neighbor, retains 
covariance, MSNcovariance, MSN--like)like)

•• Summary statistic of multiple neighbors (single value, Summary statistic of multiple neighbors (single value, 
kNNkNN--like)like)

•• Variable directed double imputation [VDDI] (single Variable directed double imputation [VDDI] (single 
neighbor, retains covarianceneighbor, retains covariance

•• Etc.Etc.
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Major Steps in GNN mapping:Major Steps in GNN mapping:

•• 1) Data Preparation/Screening1) Data Preparation/Screening

•• 2) Statistical Modeling2) Statistical Modeling

•• 3) Imputation/Map Creation3) Imputation/Map Creation

•• 4)4) Accuracy AssessmentAccuracy Assessment

•• 5) Applications and Risk Assessment5) Applications and Risk Assessment
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UncertaintyUncertainty

“How much better is my knowledge “How much better is my knowledge 
about my study area because I have about my study area because I have 
this map?”this map?”

•• Process Uncertainty/Natural VariabilityProcess Uncertainty/Natural Variability

– Uncontrollable (often unmeasurable)

• Natural disturbances 

• Demographic stochasticity

• Anthropogenic disturbances

•• Sampling UncertaintySampling Uncertainty

– Not entirely uncontrollable

• Limited sampling

• Spatial averaging

• Temporal sample variation

Sources of Uncertainty For Ecological Sources of Uncertainty For Ecological 
DetectivesDetectives

HilbornHilborn & & MangelMangel 19971997
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Accuracy assessmentsAccuracy assessments
“obsessive transparency”“obsessive transparency”

•• Map integral (Value of Map)Map integral (Value of Map)

– Confusion matrices/Kappa (local)

– Correlation statistics (local)

– Regional histograms (regional)

•• Map explicit (Map of Values)Map explicit (Map of Values)

– Confidence maps (Process)

– Support (Sampling)
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Accuracy assessmentsAccuracy assessments

•• Map integral (Value of Map)Map integral (Value of Map)

– Confusion matrices

– Kappa statistics

– Correlation statistics

– Regional histograms

•• Map explicit (Map of Values)Map explicit (Map of Values)

– Confidence maps (Process)

– Support (Sampling)

Overview of mapsOverview of maps

•• Vegetation mapVegetation map

– the predicted value

•• Neighbor Count mapNeighbor Count map

– a measure of sampling sufficiency for a specific 
ecological location

•• Natural Variability mapNatural Variability map

– the variability in response at the most similar 
locations
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4m Aerial Photo4m Aerial Photo
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Map UsageMap Usage

•• Expected value mapExpected value map

– Normal map product

•• Neighbor count mapNeighbor count map

– Map of sampling sufficiency

•• Standard deviation mapStandard deviation map

– Natural variability within sampled condition

•• Combo mapCombo map
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GNN Imputation benefitsGNN Imputation benefits

•• Recaptures most of initial variationRecaptures most of initial variation

•• Maintains multiMaintains multi--attribute covarianceattribute covariance

•• Provides detailed spatial data for postProvides detailed spatial data for post--mapping mapping 
classification, analysis and modelingclassification, analysis and modeling

•• Spatial mapping of natural variabilitySpatial mapping of natural variability

•• Ability to assess sampling sufficiencyAbility to assess sampling sufficiency

GNN Imputation LimitationsGNN Imputation Limitations

•• Map values are constrained to those at sampled Map values are constrained to those at sampled 
locationslocations

•• Natural variability reduces pointNatural variability reduces point--level prediction level prediction 
accuracyaccuracy

•• Requires complete spatial Requires complete spatial coveragescoverages and plot and plot 
inventories which simultaneously measure all inventories which simultaneously measure all 
attributes of interestattributes of interest
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National Scale ApplicabilityNational Scale Applicability

•• PracticalityPracticality

– Based on pre-existing inventory data and nationally available 
spatial data

•• RobustnessRobustness

– Highly robust for analysis since final product retains all input
data

– Sensitive to completeness of model data

•• ReproducibleReproducible

– All GNN code is open source. Execution and analysis 
require GIS and statistical software 

National Scale ApplicabilityNational Scale Applicability

•• FeasibilityFeasibility

– Simple to implement once plot and spatial data are acquired

– Could be piggy backed onto other analyses with proper data 
such as Landfire

•• DifficultyDifficulty

– May require expertise in database development, GIS, 
multivariate analysis and remote sensing

•• TransparencyTransparency

– Crystal (as much so as any multivariate output can get)
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ConclusionsConclusions

Single Neighbor Imputation mapping can facilitate:Single Neighbor Imputation mapping can facilitate:

1) Mapping natural variability spatially1) Mapping natural variability spatially

2) Estimating variability within plant associations and 2) Estimating variability within plant associations and 
locationslocations

3) Assessing sampling sufficiency3) Assessing sampling sufficiency

4) Selecting new sample locations4) Selecting new sample locations

5) Assess expectations from data/reduce uncertainty5) Assess expectations from data/reduce uncertainty


