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Project Summary

 Existing methods of mapping land cover lack sufficient detail to 
properly characterize the heterogeneity found in mixed forested and 
urbanized environments in the Northern Forest Region.

 Using readily available data, land cover information was mapped using 
cutting-edge, automated techniques that replicate human beings’ 
instinctive visual classification of objects.

 A highly detailed land cover map was produced for much of Chittenden 
County, VT

 Land cover at this scale was found to predict available phosphorus 
levels from soil samples taken throughout the County

 As high-resolution imagery becomes increasingly available the 
techniques from this project can be applied to help created detailed 
characterizations and inventories of land cover for urbanizing 
landscapes in forested regions 

 These high-resolution characterizations can also be used to help model 
sources and sinks of nutrients.



Background and justification

 Parts of the Northern Forest 
region are experiencing rapid 
urbanization

 Land use change has 
significant impacts on water 
quality by altering 
biogeochemical cycles

 Relationships between land 
use and those processes are 
still poorly understood

 To address this question 
requires very high spatial-
and categorical-resolution 
characterization of land use



Background and Justification

 This project builds upon previous 
research conducted by Breck
Bowden and Amanda Holland at 
the University of Vermont in which 
soils in 61 residential yards  in 
Chittenden County were sampled 
for soil characteristics, nutrient 
levels and processing rates

 We developed an automated high-
resolution land cover classification 
for this area that could then be 
statistically related to nutrient 
measures

 In particular we focused on 
phosphorus, given its importance 
as a pollutant in Lake Champlain



Background and Justification

 Our hope was to create a land 
cover characterization of the 
county that was detailed enough 
to be able to predict nutrient 
states or fluxes at this fine scale

 If a predictive model could be 
developed, then others might be 
able to use high-resolution 
classified land cover to 
characterize potential sources, 
sinks, and pathways of nutrients

 However, generating the 
necessary detailed land cover is 
extremely complex; this project 
applies a novel approach for 
automating the fine scale 
classification of land cover that 
could be replicated elsewhere



Background and Justification

Characteristics of the 
Northern Forest 
landscape:

 Diverse

 Heterogeneous

 Fine-scale features

Problems with existing 
land cover datasets:

 Outdated

 Coarse resolution



Background and Justification

Existing land cover datasets are derived from moderate resolution 

(30m) satellite imagery despite the fact that high-resolution datasets 

are readily available. 

Scale ~ 1:3000



Background and Justification

Existing moderate resolution land cover is rich with respect to 

the number of classes, but it lacks both accuracy and detail.
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Background and Justification
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Background and Justification

New high-resolution sensors are acquiring detailed information, 

but it is underutilized.



Background and Justification

Traditional methods for extracting 

land cover information rely on the 

statistical partitioning of the 

individual pixels.  These techniques 

perform poorly on high-resolution 

datasets, resulting in functionally 

different features being assigned to the 

same class.
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Methods

Segmentation Classification / 

Refinement

Export of Results:

- vector file

- image file 

- statistical report



Methods

Initially a step-wise approach is taken, basic land cover features are extracted 

from the source datasets.  These basic land cover features are then used to inform 

the classification of other features by applying contextual information.



Methods

Land cover features were extracted using an expert system.   The expert system 

was built using the Cognition Network Language (CNL) pioneered by Nobel 

Laureate Dr. Gerd Binnig.  CNL provides a mechanism to build expert systems 

that effectively replicate human cognition.



Methods

a) Image objects overlaid on 

LiDAR surface model.

b) Image objects overlaid on aerial 

imagery.

c) Objects classified as “tall” 

based on LiDAR  surface 

model.

d) Objects resulting from an 

image object fusion (IOF) 

routine.  Objects now better 

represent actual features.

e) Initial building classification.  

Questionable features are 

marked for review.

f) Results of final building 

classification.



Methods

a) LiDAR surface model.

b) Slope derived from LiDAR 

surface model.

c) Aerial imagery.

d) Objects classified as 

“buildings,” (from previous 

step), “high slope,” and “tall.”

e) Initial extraction of small trees.

f) Final results of tree 

classification.  Cartographic 

representation of features has 

been improved.



Methods

a) Aerial imagery.

b) Aerial imagery degraded to 

improve processing time.

c) Equal spacing grid.

d) First pass at creating an 

“urban zone.”  Grid cells 

containing buildings are 

highlighted.

e) Second pass.  Results from 

(d) are expanded by one 

grid cell.

f) Third pass and final 

classification of the “urban 

zone.”  The urban zone is 

used to provide contextual 

information for the 

identification of impervious 

features



Methods

a) Aerial imagery with impervious 

features (A, B, D, E) and agricultural 

features that appear spectrally similar 

to impervious features (C) 

highlighted.

b) Image Objects

c) Urban zone

d) Classified features.  Features that are 

impervious/bare soil year round are 

not confused with exposed soil (a 

temporary management practice) in 

agricultural areas.



Methods

 Once land cover classification was complete we 
summarized high-resolution area of each land cover 
category within the 50 meter buffer around each soil pit.

 Then ran statistical analyses to determine whether land 
cover was related to nutrient indicators

 Among the variables collected, we chose to focus on 
available phosphorus, due to its importance as a nonpoint 
source pollutant in the Lake Champlain Basin. 

 We regressed Total P against several metrics of remotely 
sensed land cover, plus a number of co-variates collected on 
site or from records.

 Several other variables were also regressed, including 
denitrification and mineralization rates, but no relationship 
was found so results not presented here



Land Cover Results

a) Buildings in the aerial imagery with spectral properties similar to vegetation are 

highlighted.

b) LiDAR surface model.

c) Land cover classification.  Of note are the buildings highlighted in (a).  Despite 

being spectrally similar they are classified correctly.



Land Cover Results

a) Aerial imagery.  Features [A] and [B] are impervious surfaces.  The other large, 

bright features are agricultural fields.

b) LiDAR surface model.

c) Land cover classification.  The agricultural fields are assigned to the “grass/shrub’ 

category as that is how they function, despite appearing like impervious surfaces 

during the time of image acquisition.



Land Cover Results

Despite variations in plant phenology across the study area land cover features 

were extracted with a high-degree of accuracy/.



Land Cover Results

Land cover data when integrated with cadastral records can expose important 

linkages and improve decision making. 



Land Cover Results

Understanding how tree canopy relates to activity class can help to more 

effectively target conservation initiatives.



Nutrient analysis statistical results
Model 1

Value   Std Error t value  Pr(>|t|) 

(Intercept)  3.9988  0.6558     6.0980  0.0000 

Grass area -0.0006  0.0002    -3.3280  0.0016 

Tree canopy -0.0003  0.0001    -2.4731  0.0166 

House age 0.0075  0.0032     2.3420  0.0230 

R-Squared: 0.2124

Model 2 

Value   Std Error t value 
Pr(>|t|) 

(Intercept) -2.5429  1.5074    -1.6869  0.0977 

Grass area -0.0005  0.0001    -3.4320  0.0012 

Tree canopy -0.0003  0.0001    -2.8463  0.0064 

House age   0.0081  0.0027     2.9484  0.0048 

Soil sand  0.0243  0.0065     3.7518  0.0005 

pH.water 0.7903  0.2046     3.8626  0.0003 

R-Squared: 0.4586 

 Dependent variable: Natural log transformed 
available P level 

 Was found to relate significantly to tree 
canopy and grass area for 50 meter 
surrounding buffer, but not to area of 
pavement, buildings, roads, water etc. 

 Available P varies inversely with grass and 
tree canopy area

 Adding control variables does not change this

 Control variables also indicate that increases 
in housing age, soil sand content and pH are 
all associated with increases in available P

 Land cover was not found to vary significantly 
with denitrification or nutrient mineralization 
rates

 A variable for whether or not the landowner 
fertilized was not significant in this model

 Summarizing land cover at the 50 meter 
buffer scale yielded better fitting model with 
more significant results than summarizing 
land cover at the parcel level



Implications and applications
in the Northern Forest region

Implications
 Urban lands are generally assumed to be big exporters of P, which is a critical 

pollutant in Lake Champlain
 In nutrient export or loadings analysis, typically land is mapped at coarse scale as 

“urban” without recognizing the internal heterogeneity or urban lands
 Our results suggests that available P can vary greatly within urban landscapes 

depending on micro-scale land cover
 Specifically, available P, is lower where there are high levels of either tree or grass 

cover, meaning trees and grass may act as nutrient sink
 Presence of trees and grass is more important than whether residents fertilize
 High-resolution classified land cover data can thus be used as an important tool in 

mapping potential sources and sinks of nutrients 
 However, this requires sophisticated methods of classifying land cover from high-

resolution imagery
 This project develops a classification method that is highly accurate and can be 

reused in other contexts.

Applications
 The City of Burlington used the land cover data and forest metrics as the basis for 

the urban forestry portion of their climate action plan.
 The City of Colchester is using the data for land cover analysis and visualization.
 U.S. Forest Service scientists are using the data to examine the wildland/urban 

interface.



Future directions

 Fine-scale ecotype classification 
using LiDAR point cloud.

 Effectiveness of riparian buffers 
though integrated fine-scale land 
cover mapping and flow modeling.

 Determining the appropriate scale 
for land cover mapping various 
forest types.

 Techniques are being replicated to 
the Missisquoi watershed to assist 
with forest conservation and tree 
planting prioritization 



List of products

Datasets

 High resolution land cover

 LiDAR digital elevation and surface models

 Parcel-based land cover metrics
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