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INTRODUCTION 
This report was produced for the City of Portland Tree Canopy Analysis Project. The goal of the project 
is to develop an estimate of tree canopy characteristics for lands classified as Industrial and Commercial 
(IG1, IG2, IH, and EG2 specifically) by analyzing geographic information systems (GIS) data using 
object-based image analysis (OBIA) techniques and regression analysis to develop equations for 
estimating allometric measurements, specifically dividing individual tree crowns (ITCs) into four 
diameter at breast height (DBH) categories (less than 20 inches, 20 to 27.9 inches, 28 to 35.9 inches, and 
36 inches or greater). 

Steps in the GIS Analysis 
To model ITCs and general structure, two publicly available datasets were used, both obtained from the 
Regional Land Information Survey (RLIS) and developed by Metro: 1) a 3-foot resolution canopy height 
surface model (CHM) using 2014 LiDAR and normalized difference vegetation index (NDVI) data 
derived from four-band imagery and 2) a 3-foot resolution, classification model, delineating the CHM 
into coniferous and deciduous phyla. A segmentation routine was applied to the CHM (outlined below in 
Methodology) to define the general shape and area of ITCs and derive their height as well as assign a 
coniferous or deciduous classification based on its intersection with the coniferous-deciduous data layer.  

To derive DBH from estimated crown widths, City of Portland Park Tree Inventory data were used in a 
regression analysis to develop equations of best fit by general structure, one set for coniferous trees and 
another for deciduous. These equations were applied to ITCs and these predicted DBH values were 
plotted versus the measured DBH values in an independent dataset—the City or Portland street tree 
inventory. 

Based on the number of modeled ITCs within the study area, site visits were conducted on six public and 
two Port of Portland properties, wherein all tree within a 150-foot-diameter plot were catalogued and 
geolocated. For each tree of greater than 12 inches DBH the height, crown width, DBH, species, and 
general condition (living, dead, or stressed) were assessed and recorded. These tree measurements were 
used to further assess the performance of the modelled results, attempting to capture locations with 
growing conditions different from the sort encountered in the park and street tree inventories, i.e., dense 
copses or stands and/or trees in natural or semi-natural conditions in contrast to the groomed and 
regulated planting conditions of the trees within the tree inventories. 

The reader is cautioned that differences between modelled outputs and observed measurements are 
inevitable. There are a variety of sources of error and discrepancy inherent to remotely sensed data, these 
limitations include, but are not limited to seasonal and/or yearly variability for acquisition times of the 
various data products, resolution limitations in the CHM, possible classification errors in the coniferous-
deciduous data layer, temporal variability of park and street tree inventory data, and the limitations of 
image segmentation, which creates hard breaks between objects—in this case trees—which may not 
accurately model the landscape, particularly in areas with dense stands of trees with heavily overlapped 
tree crowns. A fuller analysis and quantification of the uncertainty and errors in the model outputs is 
detailed in the Model Validation and Performance and Findings sections of the report below. 
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METHODOLOGY  
The approach used to estimate DBH uses an OBIA that in turn uses two primary processes. The first 
component is segmentation, wherein GIS processes are used to group like pixels together into a single 
shape or object. In this analysis the peak within groups of raster cells in the high-resolution, LiDAR-
derived, CHM are identified and a variable width analysis window around this modelled treetop groups 
cells into a modelled tree crown as using a function of the relationship between tree height and crown 
width in observed allometric data (derived in this case from a regression analysis of City of Portland Park 
Tree inventory crown height and crown width measurements). The second component of the OBIA is 
classification of these segments into two categories, by phyla. The Coniferous-Deciduous canopy model 
developed by Metro from LiDAR and NDVI data is intersected with the segmentation output, and the 
final output contains attributes for crown width, crown area, crown height, and classification by general 
structure as either deciduous or coniferous. 

The second phase of the analysis involves using the modelled outputs created in the OBIA and using it to 
estimate the DBH value for each individual tree crown. To generate the equations needed to derive these 
estimates, the preponderance of forestry research has determined that the strongest allometric relationship 
for DBH is with a tree’s crown width. U.S. Forest Service researchers developed the Urban Tree Database 
and Allometric Equations general technical report (McPherson et al. 2016), which provides equations for 
estimating a variety of measurements so long as the species is known. An attempt to classify trees by 
species proved to be untenable, given the scope and lack of available high-resolution hyperspectral or 
multispectral imagery for this project, therefore it was necessary to develop other means of estimating 
DBH from available data. City of Portland Park Tree Inventory data were binned into coniferous and 
deciduous data subsets and regression analyses were applied to these subsets to generate equations of best 
fit (a linear and power function).  

The last phase of the analysis is an assessment of the performance of the model’s predicted number of 
ITCs and DBH values. Each model result is compared with independent datasets not used in the 
development of the model, Portland Street Tree Inventory data, and tree measurement data collected 
during fieldwork. These point-based data layers are intersected with the tree segments to evaluate the 
accuracy of the count of observed versus modelled trees and measured DBH values are plotted versus 
predicted DBH values in a regression analysis to assess the amount of variance explained by the model. 

Research and Technical Approach  
A review of the forestry and remote sensing professional journal articles and academic literature, 
regarding the use of GIS data to model ITCs and tree canopy characteristics, provides a variety of 
approaches. For this analysis a process for identifying treetops and tree crowns was used, based on a 
marker-controlled segmentation algorithm to define tree crowns (Beucher and Meyer 1993), wherein a 3-
foot resolution, LiDAR-derived CHM with a variable window filter (Popescu and Wynne 2004) that 
progressively scans through the CHM raster, grouping contiguous cells that form an inverted sink into a 
single vector polygon object.  

The object-based model approach in this analysis uses a LiDAR-derived CHM developed by Metro from 
2014 LiDAR point cloud data (Appendix A) and NDVI data and was analyzed with the ForestTools 0.2.0 
package for R statistical computing software Version 3.6.3 (via a script and bridge plugin inside ArcGIS 
Pro 2.5). The ForestTools package offers functions for detecting treetops and outlining tree crowns based 
on local maxima and a variable window filter to search a neighborhood of cells around a cell with the 
highest hit. The tool analyzes the raster and if a cell is found to be the highest value in the moving 
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window it is tagged as the treetop and the size of the window varies as a function of height in the raster 
cells, operating under the assumption that taller trees have wider crowns. 

Data Parameterization and Processing 
Preprocessing of data involved projecting all data into HARN State Plane Oregon North FIPS 3601 (Intl 
Feet) where needed and defining the analysis extent. IG1, IG2, IH, and EG2 zoning designations were 
extracted from the data provided by the City of Portland and merged into a single feature. This merged 
zoning layer was buffered to 500 feet (enlarged to this size to fully encompass park and street tree 
inventory data for model calibration and validation) and broken into seven subsections (along natural 
breaks in the CHM). Dividing the analysis area into manageable blocks of data was necessary because of 
memory limitations inherent in the R Statistical Software, ForestTools package. This enlarged analysis 
extent permits the CHM to entirely cover the Industrial (IG1, IG2, and IH) and Commercial (EG2) tax 
lots without the possibility of clipping tree segments that only partially intersect a given tax lot, i.e., 
eliminating edge effects or loss of data that can occur at the edge of raster datasets being evaluated with a 
focal window. 

With uncertainty about the overall composition and distribution of tree species within the Industrial and 
EG2 tax lots, a parameter to define the variable window filter search radius in ForestTools was derived 
from an analysis of the totality of the Portland Park Trees Inventory (the most complete dataset available 
with full allometric measurements). Crown heights and crown widths were plotted on a scatterplot and a 
linear equation of best fit was generated from a trendline in Microsoft Excel. The resulting linear equation 
𝐶𝐶𝐶𝐶 = 4.5 + 0.1754 ∗ 𝐶𝐶𝐶𝐶 (R2 = 0.2704) is used to define the variable window filter parameter in the 
ForestTools script (where CR equals Crown Radius and CH equals Crown Height). This assumes a 
minimum 9-foot diameter crown width, corresponding to a 3 × 3 grid of cells, the smallest area that can 
defined as a tree with a definable peak. Other parameters defined for the ForestTools process were a 
minimum height of 15 feet for treetops (the minimum vertical values in the CHM are 10 feet—this 
minimum value was likely chosen by Metro to filter out scrub-shrub vegetation picked up in the LiDAR 
point cloud data). 

ForestTools generates point and polygon output layers with fields for height (derived from the local 
maxima), “WinRadius” (the size of the search window used to evaluate the area around a cell identified as 
a treetop) and the polygon layer has an additional field, “CrownArea” (in square feet). In some areas this 
output requires some post-processing due to peculiarities unique to the CHM used in this analysis because 
its height value is stored in integer format; the issue is that adjacent pixels with identical values identified 
as treetops are erroneously identified as ITCs around each point. With a combination of buffering the 
treetop points to 3.1 feet (enough to touch) and dissolving on height, followed by a spatial join with the 
polygon segments, these segments are merged, eliminating errors of commission (over segmentation). 
This output is further refined by applying a union with the coniferous-deciduous layer obtained from 
Metro’s RLIS database. This raster dataset was converted to vector polygonal data and joined with the 
ForestTools segments with the ArcGIS union tool to categorize each segment as either coniferous or 
deciduous, an important discriminant for estimating DBH as a function of crown width because of general 
structural differences between conifers and deciduous  trees. 

Estimated crown diameter values are added to the tree crown segments, calculated as a circle of best fit, 
from the area of the segment (where CD equals crown diameter in feet and CA equals crown area in 
square feet) (Note: The value of π is rounded to 3.14159 for use in the field calculator in ArcGIS Pro 
2.5):  

(CD = 2 ∗ �𝐶𝐶𝐶𝐶
𝜋𝜋

 ) 
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Research conducted by the U.S. Forest Service (McPherson et al. 2016) determined that the crown 
diameter has the highest correlation to DBH out of a variety of allometric measurements. Without species 
determinations to apply specialized allometric equations to individual tree crown segments, the City of 
Portland Park Trees inventory was used as a surrogate dataset to estimate DBH values using a regression 
analysis. A scatterplot and regression analysis of the entire dataset (25,534 trees) with crown diameter 
(feet) as the independent variable and DBH (inches) as the dependent variable yielded trendlines of best 
fit. A linear trendline equation and a power trendline were applied in effort to achieve the highest R2 
correlation possible. Both regressions apply a line fitted to the scatterplot to minimize the amount of 
variance at any point on the between crown width (x-axis) and DBH (y-axis). The difference between the 
models is the linear trendline, which uses a linear equation to produce a simple straight line of best fit, 
and the power trendline uses an exponential function that produces a slightly curved line of best fit. (Note: 
Park tree inventory data with null or 0 values for either DBH or crown width, and/or categorized as 
“dead” were omitted as data points in this analysis):  

• Linear equation: 𝐷𝐷𝐷𝐷𝐶𝐶 = 1.3752 + 0.5463 ∗ 𝐶𝐶𝐷𝐷 with an 𝐶𝐶2  =  0.5614 

• Power equation 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.2527 ∗ 𝐶𝐶𝐷𝐷1.2075 with an 𝐶𝐶2 = 0.7233 

When the data is divided into subsets, by general structure with needleleaf and broadleaf categories, 
higher degrees of correlation were achieved according to regression analyses, which can be visualized in 
Figures 1 and 2:  

• Needleleaf trees (10,742 trees) using a linear equation of best fit 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.7595 ∗ 𝐶𝐶𝐷𝐷 produced 
an 𝐶𝐶2 = 0.9242. A power equation of best fit 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.3286 ∗ 𝐶𝐶𝐷𝐷1.2225 produced an 𝐶𝐶2 =
0.7649. 

• Broadleaf trees (14,792 trees) using a linear equation of best fit 𝐷𝐷𝐷𝐷𝐶𝐶 =  0.4816 ∗ CD produced 
an 𝐶𝐶2 = 0.9272. A power equation of best fit 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.1802 ∗ 𝐶𝐶𝐷𝐷1.2397produced an 𝐶𝐶2 =
0.8411.  



City of Portland Tree Canopy Analysis Final Report 
Estimates of Tree Canopy Characteristics Through GIS Object Based Image Analysis 

5 

 

 
Figure 1. Needleleaf crown width to DBH regression equations. 
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Figure 2. Broadleaf crown width to DBH regression equations. 

As a result of these analyses, the tree segment DBH estimates are based on the needleleaf and broadleaf 
discriminant and includes a field for both equations of best fit, DBH_linear_est and DBH_power_est, as 
well as fields for corresponding residuals, DBH_linear_res and DBH_power_res, in cases where tree 
inventory point data intersect with individual tree segments. Data are subsequently categorized by DBH 
into the four size categories outlined in the delivery requirements (Category 1 = less than 20 inches, 2 = 
20–27.9 inches, 3 = 28–35.9 inches, and 4 = greater than or equal to 36 inches). Tree segments are 
subdivided into separate feature classes based on the intersection with IG1, IG2, IH, IR, and EG2 tax lots. 

Sampling Methodology 
In order to achieve a minimum 95% confidence level and 10% confidence interval of sampled trees, it 
was determined that a minimum of 96 trees should be catalogued and measured (based on 57,544 ITCs 
that intersect the Industrial and EG2 tax lots). These sampled trees were assessed for height, DBH, 
condition, number of stems, and species. In total, 138 trees were measured in five publicly accessible 
sample plots and two sample plots on Port of Portland owned properties, constrained to locations that 
were accessible and/or immediately adjacent to the Industrial and EG2 tax lots within the study area 
(Figure 3). Sample plots were 150 feet in diameter and included a mix of dense stands of trees (>90% 
canopy coverage) and medium density stands (50%–90% canopy coverage). 
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Figure 3. Map of field sites. 

All trees within the sample plots with a greater than 12-inch DBH were geolocated and catalogued. A 
Geode submeter-accurate global positioning system (GPS) receiver, paired with an Android tablet 
running ESRI Collector for ArcGIS, was used to generate tree points (3-m minimum positional accuracy) 
and allometric measurements were recorded: height (with a clinometer and a 100-foot ground tape), 
crown width estimates (measured along the north-south and east-west axes), and DBH (with a Forestry 
Suppliers steel DBH tape). Additionally, condition and species were recorded (field photographs were 
taken of the bud, bark, and stem and of the whole tree where allowed). 
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Site conditions were generally dense stands of trees with a large number of thorny vines and nuisance 
vegetation, as well as other obstacles complicating height measurements. Trees were in leaf-off condition, 
but buds were emergent on most trees sampled and posed no significant obstacle to species identification. 
Samples were acquired between March 2 and 13, 2020.  

Model Validation and Performance  
The performance of the model was evaluated for accuracy and precision using several criteria. The first 
part of the accuracy assessment measured the ability of the segmentation algorithm to correctly identify 
the number of trees. The City of Portland Park Tree and Street Tree Inventories along with site sample 
data were used to evaluate errors of commission (over-segmenting ITCs) and omission (multiple tree 
inventory points intersecting a single ITC). The ability of the model to accurately predict the number of 
trees varied by location and stand characteristics. Comparing the park tree and street tree inventory tree 
points as well as the tree data collected during fieldwork with the marker-controlled segmentation 
algorithm resulted in an 82% accuracy rate for the count of ITCs. In total, 6,558 park and street tree 
inventory points were intersected by 5,380 ITCs, indicating that the segmentation tends to slightly 
aggregate and underestimate the total number of trees present in the study area. This underestimation 
illustrates the limitations of the CHM and how it only captures the highest hit minus the last hit of a 
LiDAR pulse during leaf-on conditions and cannot differentiate trees that are overtopped by dominant 
trees and tightly packed co-dominant trees. To the extent trees are widely spaced in the study area and 
distinct from one another, the model does a very good job of identifying and delineating them. In areas 
where trees stands are dense with complex multistory structures the model is less accurate. This 
observation is confirmed at least in part through samples collected during fieldwork, due in large part to 
the leaf-on acquisition date (flown in September 2014) of the LiDAR used to create the CHM. This was 
especially noticeable in stands of black cottonwood (Populus trichocarpa), which were 101 out of 138 
collected samples. The stands in the Kelly Point Park and industrial areas near the Willamette River and 
Columbia River Slough demonstrated noticeable errors of omission in the tree segmentation routine. In 
the eight sample plots surveyed, the performance of the marker-controlled segmentation was only 65.3% 
accurate in identifying ITCs. 

The segmentation routine’s ability to estimate crown width was also analyzed. The residuals of measured 
crown widths to modelled crown widths yielded a mean of 2.0 feet, a median of 3.0 feet (positive values 
an indicate underestimation and negative values an overestimation), and standard deviation of 15.9 feet. 
In general, this means that the model tended to underestimate crown widths slightly on average, but 
68.2% of all estimates are within approximately 16 feet of the mean. This variance is attributable in part 
to the hard breaks that the marker-controlled segmentation imposes on the objects derived from the CHM; 
any trees with overlapping crowns that cannot be distinguished and are assigned to one object or another 
yield underestimates and any trees overtopped by others or lumped together into a single object yield 
overestimates. The distribution of these residuals is visualized in Figure 4. 

 



City of Portland Tree Canopy Analysis Final Report 
Estimates of Tree Canopy Characteristics Through GIS Object Based Image Analysis 

9 

 
Figure 4. Estimated crown width residuals vs. measured crown widths. 

Results of fieldwork and comparison of the data revealed that the segmentation protocol did a poorer job 
of delineating ITCs for stands dominated by black cottonwood due to their unique structure, i.e., densely 
packed stands with mingled crowns and generally very tall crown heights compared to relatively narrow, 
asymmetrical crown widths (Figure 5). It is possible that reprocessing these areas with homogenous 
stands with similar canopy characteristics might achieve a more accurate result by using field data as the 
basis for parameterizing the marker-controlled segmentation routine using species-specific height to 
crown-width measurements, versus the more generalized function derived from the totality of the City of 
Portland Park Tree Inventory. However, it is also possible that the unique composition of these tree stands 
might require other approaches to accurately segment them into ITCs, e.g., using a leaf-off LiDAR-
derived CHM, or non-GIS-based approaches. 
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Figure 5. Example of segmentation of the CHM in a field site with a dense, multistory stand of 
trees dominated by black cottonwood. 

The tabular results in the summary tables below include results where individual problematic tax lots 
dominated by black cottonwood are omitted from the Industrial and EG2 tax lots. 

The third component of the accuracy assessment evaluates the performance of the regression functions for 
their capability to accurately estimate DBH from crown width by comparing predicted values with known 
values of DBH in the City of Portland Street Tree and Park Tree Inventories and the data collected from 
sample sites. These predicted versus measured values are plotted and analyzed with a regression of least-
squares. The residuals of the linear equation estimate compared to street and park tree DBH values has a 
mean of 0.2 inch, a median of -0.4 inch, and a standard deviation of 7.9 inches (Figure 6). The residuals 
of the power equation estimate compared to the street and park tree DBH values has a mean 1.9 inches, a 
median of 1.6 inches, and a standard deviation of 8.2 inches. (Figure 7). The amount of variance between 
the linear and power regression models was R2 = 0.4036 and R2 = 0.4022 respectively, meaning that 
approximately 40% of the variation can be explained by either function (Figures 8 and 9). 
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Figure 6. Linear function residuals for estimating DBH. 



City of Portland Tree Canopy Analysis Final Report 
Estimates of Tree Canopy Characteristics Through GIS Object Based Image Analysis 

12 

 
Figure 7. Power function residuals for estimating DBH. 
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Figure 8. Regression analysis of predicted versus measured DBH values in the linear equation 
model. 
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Figure 9. Regression analysis of predicted versus measured DBH values in the power function 
model. 

FINDINGS 
The summarized statistics in Tables 1 to 4 provide DBH estimates, canopy acres, and average trees per 
canopy acre using two different equations of best fit, a linear equation and a power function, with nearly 
identical R² values (0.4036 and 0.4022 respectively). Separate tables are also provided that omit several 
tax lots where the model performed noticeably poorer in dense stands known to be dominated by black 
cottonwood. 
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Summary Tables 
Tree Segments Intersecting Tax Lots in the Analysis Area 

Table 1. DBH Categories by Power Function* 

Zone <20 
inches 

20 to 27.9 
inches 

28 to 35.9 
inches 

≥36 
inches 

Total 
Trees** 

Total 
Canopy 
Acres 

Tax Lot 
Acres 

Average Trees 
Per Tax Lot 

Acre 

EG2 9,491 
(90.2%) 

663 
(6.3%) 

244 
(2.3%) 

122 
(1.2%) 

10,520 135.3 1,062.4 9.9 

IG1 2,029 
(90.1%) 

115 
(5.2%) 

42 
(1.9%) 

46 
(2.1%) 

2,232 28.0 360.5 6.2 

IG2 25,209 
(89.5%) 

1,929 
(6.8%) 

654 
(2.3%) 

373 
(1.3%) 

28,165 380.8 6,101.9 4.6 

IH 14,781 
(88.1%) 

1,249 
(7.4%) 

433 
(2.6%) 

316 
(1.9%) 

16,779 255.1 4,658 3.6 

All Tax 
Lots 

51,510 
(89.3%) 

3,956 
(6.9%) 

1,373 
(2.4%) 

857 
(1.5%) 

57,696 799.2 12,182.8 4.7 

* Needleleaf: 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.3286 ∗ 𝐶𝐶𝐷𝐷1.2225, Broadleaf: 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.1802 ∗ 𝐶𝐶𝐷𝐷1.2397) 
** Tree counts are tabulated by intersection with respective tax lots. There are cases where individual tree segments intersect more than one tax lot, 
and thus are counted more than once. 
Model Accuracy Statistics: measured DBH – predicted DBH, where total Industrial and EG2 model outputs intersect park and street tree inventory 
data 
Residuals: mean = 1.9 inches, median = 1.6 inches, standard deviation = 8.2 inches, standard error = 0.1113 inches 
Model Correlation: R² = 0.4022 

Table 2. DBH Categories by Linear Function* 

 Zone <20 
inches 

20 to 27.9 
inches 

28 to 35.9 
inches 

≥36 
inches 

Total 
Trees 

Total 
Canopy 
Acres 

Tax Lot 
Acres 

Average Trees 
Per Tax Lot 

Acre 

EG2 9,184 
(87.3%) 

938 
(8.9%) 

295 
(2.8%) 

103 
(1.0%) 

10,520 135.3 1,062.4 9.9 

IG1 1,971 
(88.3%) 

169 
(7.6%) 

49 
(2.2%) 

43 
(1.9%) 

2,232 28.0 360.5 6.2 

IG2 24,382 
(86.6%) 

2,688 
(9.5%) 

792 
(2.8%) 

303 
(1.1%) 

28,165 380.8 6,101.9 4.6 

IH 14,273 
(85.1%) 

1,706 
(10.2%) 

538 
(3.2%) 

262 
(1.6%) 

16,779 255.1 4,658 3.6 

All Tax 
Lots 

49,810 
(86.3%) 

5,501 
(9.5%) 

1,674 
(2.9%) 

711 
(1.2%) 

57,696 799.2 12,182.8 4.7 

* Needleleaf: 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.7595 ∗ 𝐶𝐶𝐷𝐷, Broadleaf: 𝐷𝐷𝐷𝐷𝐶𝐶 =  0.4816 ∗ CD 
Model Accuracy Statistics: measured DBH – Predicted DBH, where total industrial and EG2 model outputs intersect park and street tree inventory 
data 
Residuals: mean = 0.2 inches, median = -0.4 inches, standard deviation = 7.9 inches, standard error = 0.1073 inches 
Model Correlation: R² = 0.4036 
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Tree Segments Intersecting Tax Lots (minus problematic tax lots)1 

Table 3: DBH Categories by Power Function* 

 Zone <20” 20” to 
27.9” 

28” to 
35.9” 

≥36” Total 
Trees 

Total 
Canopy 
Acres 

Tax Lot 
Acres 

Average Trees 
Per Tax Lot 

Acre 

EG2 9,491 
(90.2%) 

663 
(6.3%) 

244 
(2.3%) 

122 
(1.2%) 

10,520 135.3 1,062.4 9.9 

IG1 2,029 
(90.1%) 

115 
(5.2%) 

42 
(1.9%) 

46 
(2.1%) 

2,232 28.0 360.5 6.2 

IG2 (omitted 
problem lots) 

25,078 
(89.7%) 

1,890 
(6.8%) 

628 
(2.2%) 

359 
(1.3%) 

27,955 374.1 6,084.7 4.6 

IH (omitted 
problem lots) 

13,814 
(89%) 

1,060 
(6.8%) 

365 
(2.4%) 

274 
(1.8%) 

15,513 224.8 4,450.3 3.5 

All Tax Lots 50,412 
(89.6%) 

3,728 
(6.6%) 

1,279 
(2.3%) 

801 
(1.4%) 

56,220 762.2 11,957.9 4.7 

* Needleleaf: 𝑫𝑫𝑫𝑫𝑫𝑫 = 𝟎𝟎.𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 ∗ 𝑪𝑪𝑫𝑫𝟏𝟏.𝟑𝟑𝟑𝟑𝟑𝟑𝟐𝟐, Broadleaf: 𝑫𝑫𝑫𝑫𝑫𝑫 = 𝟎𝟎.𝟏𝟏𝟑𝟑𝟎𝟎𝟑𝟑 ∗ 𝑪𝑪𝑫𝑫𝟏𝟏.𝟑𝟑𝟑𝟑𝟐𝟐𝟐𝟐 
Model Accuracy Statistics: measured DBH – Predicted DBH, where total industrial and EG2 model outputs intersect park and street tree inventory 
data 
Residuals: mean = 1.9 inches, median = 1.6 inches, standard deviation = 8.2 inches, standard error = 0.1113 inches 
Model Correlation: R² = 0.4022 

Table 4: DBH Categories by Linear Function* 

 Zone <20” 20” to 
27.9” 

28” to 
35.9” 

≥36” Total 
Trees 

Total 
Canopy 
Acres 

Tax Lot 
Acres 

Average Trees 
Per Tax Lot 

Acre 

EG2 9,184 
(87.3%) 

938 
(8.9%) 

295 
(2.8%) 

103 
(1.0%) 

10,520 135.3 1,062.4 9.9 

IG1 1,971 
(88.3%) 

169 
(7.6%) 

49 
(2.2%) 

43 
(1.9%) 

2,232 28.0 360.5 6.2 

IG2 (omitted 
problem lots) 

24,262 
(89.8%) 

2,640 
(9.4%) 

762 
(2.7%) 

291 
(1%) 

27,955 374.1 6,084.7 4.6 

IH (omitted 
problem lots) 

13,359 
(86.1%) 

1,469 
(9.5%) 

457 
(2.9%) 

228 
(1.5%) 

15,513 224.8 4,450.3 3.5 

All Tax Lots 48,776 
(86.7%) 

5,216 
(9.3%) 

1,563 
(2.8%) 

665 
(1.2%) 

56,220 762.2 11,957.9 4.7 

* Needleleaf: 𝑫𝑫𝑫𝑫𝑫𝑫 = 𝟎𝟎.𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 ∗ 𝑪𝑪𝑫𝑫, Broadleaf: 𝑫𝑫𝑫𝑫𝑫𝑫 =  𝟎𝟎.𝟒𝟒𝟑𝟑𝟏𝟏𝟑𝟑 ∗ 𝐂𝐂𝐂𝐂 
Model Accuracy Statistics: measured DBH – Predicted DBH, where total industrial and EG2 model outputs intersect park and street tree inventory 
data 
Residuals: mean = 0.2 inches, median = -0.4 inches, standard deviation = 7.9 inches, standard error = 0.1073 inches 
Model Correlation: R² = 0.4036 

 
1 Two lots zoned as IG2: Property IDs R171715 and R237851 (17.2 acres); seven lots zoned as IH: Property IDs 
R239681, R256362, R325506, R323385, R256223, R323445, and R256242 (207.7 acres) 
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EXPLANATION OF RESULTS 
Regression equations to estimate DBH as a function of crown width were derived from the totality of the 
park trees inventory, binned by general structure (needleleaf-conifers and broadleaf). A linear and power 
trendline was fitted to these datasets in Microsoft Excel (see Park_trees_BROAD.xlsx and 
Park_trees_CON.xlsx) and the results of these equations and the root-mean-square errors (RMSE) for 
each demonstrated a moderate to strong correlation between crown width (CD) and DBH. 

• Needleleaf: Linear trendline equation: 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.7595 ∗ 𝐶𝐶𝐷𝐷, R2 = 0.6181 and power trendline 
equation: 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.3286 ∗ 𝐶𝐶𝐷𝐷1.2225, R2 = 0.7649. 

• Broadleaf: Linear trendline equation: 𝐷𝐷𝐷𝐷𝐶𝐶 =  0.4816 ∗ CD, R2 = 0.789 and power trendline 
equation: Broadleaf: 𝐷𝐷𝐷𝐷𝐶𝐶 = 0.1802 ∗ 𝐶𝐶𝐷𝐷1.2397, R2 = 0.8411. 

Crown diameter estimates for ITCs were derived with a circle of best fit to the tree segment outputs 
generated by the R, ForestTools tree segmentation tool. Modeled crown widths were compared to 
coincident park tree inventory point allometry and the residuals of the actual versus estimated crown 
width yielded a mean of 2.0 feet, a median of 3.0 feet, and a standard deviation of 15.9 feet. These 
positive values demonstrate a tendency in the model to underestimate crown width. 

Analysis of Errors, Model Limitations, and Further 
Refinement 
A number of limitations, sources of potential error, and areas of possible refinement (as a part of future 
study) were identified during this study, including the following.  

The CHM’s 9-square feet resolution is derived from normalized LiDAR point-cloud data during leaf-on 
conditions, by subtracting the last hit (ground) from the first hit (tree crown or upper canopy). Therefore, 
the model is incapable of detecting trees that are over-topped by dominant or co-dominant trees. Using a 
higher resolution CHMs with leaf-on and leaf-off conditions could yield more accurate representations of 
the canopy characteristics present in the study area. 

The LiDAR dataset used to develop the CHM is now nearly 6 years old and is asynchronous with many 
of the inventory dates in the park and street tree datasets, leading to potential underestimation of height, 
crown width, and DBH due to growth. Additionally, losses due to death or removal since the base data 
were acquired are beyond the scope of this analysis.  

As a result of the way the segmentation routine works, hard breaks are created between tree crowns. In 
areas where crowns overlap or are co-mingled, the model invariably underestimates the crown widths of 
these ITCs, and then propagates this as an underestimation error for the DBH values of these ITCs. 
Certain tree species are also resistant to being accurately modeled; dense stands of black cottonwood 
encountered during site sampling were universally narrowly spaced, very tall, had heavily co-mingled 
crowns, and contained many trees under the dominant tree that are not visible in LiDAR acquired under 
leaf-on conditions. The model in these instances usually failed to capture ITCs, tending to noticeably 
commit errors of omission (undercounting the number of individual trees) and errors of commission 
(lumping multiple tree crowns together into a single segment) and because of this lumping, overestimates 
DBH values for the trees delineated in the marker-controlled segmentation. 

There are temporal discrepancies in the data used in the analysis. Measurements taken during February 
2020 fieldwork and the values recorded in the City of Portland Park and Street Trees Inventories between 
2017 and 2019 vary from 3 to 6 years from the 2014 CHM that forms the basis of this analysis. This 
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inevitably leads to an underestimation of allometry for certain trees due to growth, as well as changes to 
canopy coverage characteristics due to death, removal, or modification of trees. The extent of this 
variation is unknown. 

Identifying individual trees by species would allow for more precise estimates of DBH values, by 
allowing the use of species-specific functions for modelling crown-width to DBH relationships, 
developed by the Urban Tree Database and Allometric Equations, developed by the U.S. Forest Service. 
Such a classification exercise would likely require proprietary, high-resolution hyperspectral imagery and 
specialized classification tools, and likely a piecewise approach (iteratively processing small geographic 
study areas) backed up by extensive sampling and ground truthing. Thus, this approach would likely 
require significant processing time and the costs associated with this alternate approach and the 
proprietary tools and imagery required are unknown and beyond the scope of this analysis.  
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APPENDIX A 
 

Data Sources 



 

 

  



 

 

2014 Metro Canopy Height Model  
http://rlisdiscovery.oregonmetro.gov/?action=viewDetail&layerID=3552 

2014 Metro Coniferous Deciduous dataset  
http://rlisdiscovery.oregonmetro.gov/?action=viewDetail&layerID=3572 

City of Portland Park Trees Inventory (Provided by the City of Portland) 

City of Portland Street Trees Inventory (Provided by the City of Portland) 

City of Portland zoning dataset (Provided by the City of Portland)  

City of Portland tax lot data (Provided by the City of Portland) 
 

http://rlisdiscovery.oregonmetro.gov/?action=viewDetail&layerID=3552
http://rlisdiscovery.oregonmetro.gov/?action=viewDetail&layerID=3572
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