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Abstract. Planning to prepare for storms should involve the estimation of tree debris. This paper tested an improvement of a rapid estimation
model of tree debris following ice storms. An initial model found using 30-m resolution National Land Cover Database (NLCD) tree canopy
cover (TCC) data did not significantly (P ~ 0.20) improve estimation of tree debris within a community right-of-way (ROW) following an ice
storm. We tested if finer resolution National Agriculture Imagery Program (NAIP) TCC imagery (2-m resolution or better) could more accu-
rately predict tree debris after an ice storm. Tree canopy cover was estimated with NAIP across the entire community (TCCery) and also the
area that only covered the ROW plus a 15.24-m (50-foot) buffer on each side (TCCroyw). The TCCeyry (P = 0.08) estimate marginally improved
tree debris prediction in the overall multiple regression model (R? adj = 0.917; F = 133.8; df = 3,33), but this was not the case with the TCCyoy
(P =0.66) estimate. The TCC,ry estimate was 34.7% (SEM = 2.0) and significantly (P <0.001) 2 times greater than in the 16.2% (SEM =2.2)
TCC estimate from NLCD imagery. We found the TCCroyw was 32.6% (SEM = 1.6) and significantly lower (P = 0.003) than in TCC¢ry. Results
from this study may improve the overall ability to predict tree debris following ice storms from the regional models currently used to a more

local estimate for a city. Future investigations are needed to determine if this is the case.
Keywords. Decision Making; Green Spaces; Planning and Management; Tree Canopy; Urban Forestry.

INTRODUCTION
Ice storms occur annually throughout the eastern
United States and Canada as well as other places
throughout the world (Changnon 2003; Hauer et al.
2006). They vary in intensity from minor ice accumu-
lation of approximately 0.64 cm (0.25 in) that causes
little or no damage, to a much greater thickness of
precipitation in excess of 5 cm to 10 cm (2 in to 4 in)
on surfaces, which can cause remarkable tree damage
(Hauer et al. 1993; Hauer et al. 2006; Greene et al.
2007; Klopcic et al. 2020). Monetarily, ice storms
result in hundreds of millions of dollars (USD) in
annual loss and potentially billions of dollars in losses
from property and tree damage during extreme and
widespread ice storms (Hauer et al. 2006; Call 2010;
Degelia et al. 2016). Damage also occurs to electrical
grid systems, roadways, and property from fallen
trees and branches, disrupting normal community
functions (Call 2010). However, not all trees are
severely damaged, as the resistance of tree species to
ice accumulation varies (Hauer et al. 1993; Hauer et

al. 2006; Coder 2017; Klop¢i¢ et al. 2020). Certain
characteristics, such as weak branch attachments, indi-
cated by included bark, dead and decaying branches,
a broad crown, and fine branching, increase a tree’s
susceptibility to damage from ice and wind (Hauer et al.
2006; Staudhammer et al. 2009; Coder 2017; Klein et
al. 2020).

Following an ice storm, a community often faces
the cleanup of tree debris. The debris amounts can be
substantial, and a coordinated effort to plan for debris
removal is ideal (Escobedo et al. 2009; Schmitt-Harsh
and Wiseman 2020; Nowak et al. 2022; Salisbury et
al. 2022). The estimation of tree debris following a
storm has been calculated using various methods
ranging from on-the-ground, airborne laser scanner,
aerial imagery, and prediction equations (King et al.
2005; Hauer et al. 2011; Rahman and Rashed 2015;
Wu 2019). For example, Wu (2019) used Normalized
Difference Vegetation Index (NDVI) values to esti-
mate tree biomass and debris through satellite imagery.
Predictive models use a combination of community
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attributes (e.g., street distance, community area, hous-
ing density) and storm parameters (e.g., ice accumu-
lation, mean wind speed, maximum wind gusts,
foliage presence) to estimate debris (Escobedo et al.
2009; Hauer et al. 2011). A field-based system uses
inventory plots along the public rights-of-way (ROWs)
to assess trees pre-storm in comparison to post-storm
damage, which is used to estimate debris throughout
the community (Bloniarz et al. 2001; Bond 2005).

Due to the labor and monetary needs required to
recover after an ice storm, developing greater ice-
storm resistance in tree populations through tree
selection and management practices to minimize dam-
age is an ideal forethought for communities (Hauer et
al. 2006; Hauer et al. 2011), in addition to predicting
potential debris before a storm or conducting a thor-
ough estimation after. Hauer et al. (2011) developed a
method by which communities can estimate tree
debris following ice storms. They found that total
street distance or total community land area and the
ice thickness of the storm were significantly related to
total debris. Tree canopy cover (TCC) was hypothe-
sized to be a significant predictor (factor) in debris
estimation. However, Hauer et al. (2011) found that
coarse 30-m resolution National Land Cover Data-
base (NLCD) TCC data did not significantly predict
debris. Nowak and Greenfield (2010) found that
NLCD imagery significantly underestimates TCC,
which possibly explains an issue using NLCD TCC
derived data as a debris predictor. Having no trees
would result in no tree debris, and it seems logical
that as tree density and biomass within an area
increase, more potential tree debris is possible after a
storm. Thus, TCC is a potential proxy for estimating
tree abundance, and finer resolution imagery might
improve the ability for this variable to estimate tree
debris following an ice storm.

The aim of this research was to test if improved
TCC estimates based on finer resolution imagery
(approximately 1 m to 2 m) would improve the debris
estimation models compared to models that use
coarser resolution imagery (approximately 30 m). We
hypothesized that the finer resolution TCC would be
a significant predictor of debris associated with ice
storms. We also hypothesized that street distance (or
the area of a community) and ice thickness would be
significant predictors. We further hypothesized that
TCC estimates from finer resolution imagery (approx-
imately 1 m to 2 m) would be higher than coarser res-
olution imagery (approximately 30 m). Finally, we
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hypothesized that debris estimates using TCC from
within the ROW would be more accurate than a city-
wide TCC estimate.

MATERIALS AND METHODS

Site Locations and Data Sources

This study tested the potential improvement of ice
storm debris estimation using TCC estimates based
on finer resolution imagery. Methods and data from
Hauer et al. (2011) for communities in 15 eastern states
(USA) were used, with the exception of replacing the
TCC estimates. The TCC modification was made by
replacing 2001 NLCD 30-m resolution tree canopy
imagery with National Agriculture Imagery Program
(NAIP) data at an approximate 2-m or better resolu-
tion. Figure 1 shows an example difference between
NLCD and NAIP imagery and the subsequent ability
to estimate tree canopy. In cases where NAIP was not
available, National Aerial Photography Program (NAPP)
imagery was used, providing data for 5 communities
with ice storms before 2001.

Imagery was selected from the nearest date prior to
the ice storm for the communities in this study. Most
imagery (81%) was within 1 (53%) or 2 (28%) years
prior to the ice storm and the remaining within 3 (17%)
or 5 (3%) years. The imagery was paired with a
municipal boundary shapefile in ArcGIS (ArcMap
10.5.1, Redlands, CA, USA). Image quality (e.g., image
resolution) and data sources are found in the Appen-
dix. A total of 1,000 locations as sample points were
randomly located within the municipal boundary
using the Create Random Points tool, and each was
evaluated as landing on tree canopy (1), or not (0),
and recorded as such in the ArcGIS attribute table for
each location. Percentage TCC was calculated as:

TCC (%) = (Total Sample Points — Sample
Points Over Tree) / Total Sample Points

and calculated for the entire city (TCCcrry). Tree can-
opy cover (TCCrew) Was also estimated by buffering
for trees just within the public rights-of-way (ROWs)
plus an additional 15.24 m (50 ft) beyond the ROWs
on each side. This TCCrow buffer accounted for trees
on public land and for either trees adjoining the ROWs
that may become damaged and fall within the ROWs,
or tree debris brought into the ROWs by adjoining
landowners. The TCCrow could include debris that
was brought to the curb from the resident’s private
property and mixed with tree debris that fell within
the municipal ROWs.
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Statistical Approach

Multiple regression models were used to predict tree
debris (yd®) as a dependent variable. Ice thickness
(in), street miles (mi), and each TCC type (TCCqiry
and TCCgoyw) were separately used as independent
variables to predict tree debris. Results are presented
in English with SI equivalent units, as these English
parameters are the metrics used by communities in
the United States to monitor debris collection. Model
parameters used P < 0.10 for final inclusion.

RESULTS AND DISCUSSION

Tree Canopy Cover Estimates Based

on Two Resolution Types

We found that TCC was 2 times greater (P < 0.001,
df =36, = 18.480) using approximately 2-m or better
NAIP imagery (34.7%, SEM = 2.0) than 30-m NLCD

imagery (16.1%, SEM = 2.0)(Figure 2a). The TCC¢ry
(37.1%, SEM = 2.5) was greater (P = 0.003, df = 34,
t = 3.264) than in the TCCrow (32.6%, SEM = 1.6)
(Figure 2b). Thus, the NLCD imagery underesti-
mated TCC compared to both NAIP estimates in this
study (Figure 3). The NLCD imagery is known to
underestimate TCC; as such, our findings were not
surprising (Nowak and Greenfield 2010).

Tree Debris Estimation

The NAIP estimate for TCC¢ry improved tree debris
prediction (P = 0.08) in the overall multiple regres-
sion model (R* adj = 0.917; F=133.8; df = 3,33) in
Table 1. Within the studied location, for each percent
of TCCqrry, a total of 2,884 yd* (2,205 m?) of tree
debris is expected. Using TCCrow as a predictor
was insignificant in our multiple regression model

Figure 1. Comparison of 30-m resolution National Land Cover Database (NLCD, left image) and approximately 1-m National Agriculture
Imagery Program (NAIP, right image) for Schmeeckle Reserve, Lake Joanis, Stevens Point, WI, USA.
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Figure 2. Tree canopy cover (TCC) percentage using 2-m or better imagery (NAIP or NAPP) or 30-m imagery (NLCD) across the entire
city (a); percentage TCC across the entire city or only within the rights-of-way (ROWSs) using NAIP or NAPP imagery (b).

©2023 International Society of Arboriculture



58

Hauer and Schulz: Improved Model Estimates of Tree Debris Following Ice Storms

CINAIP Entire Community
CINAIP Street Right-of-Way
E NLCD Entire Community

100 _
~ 90]
s 80|
& 70| °
g 60 | 0 .
> 50_ —|_ °
e 40
§ 30 | X
20
S 10] 1
- 0'

Tree Canopy Data Source

Figure 3. Box plot comparison of tree canopy cover (TCC)
using 2-m or better imagery (NAIP or NAPP) or 30-m imagery
(NLCD) across the entire community, or within the rights-of-way
only (NAIP or NAPP). Box plot parts are: lower box 1st quartile;
line median; X mean; upper box 3rd quartile. Line ends are
minimum and maximum values; circles are outliers.

(P = 0.66). This finding was contrary to our hypothe-
sis that it would be a better predictor than TCCpy.
One explanation is that tree debris from city parks
would not be captured in the TCCrow model. Addi-
tionally, it is possible that residents also moved tree
debris from areas beyond the TCCroy area, such as
from back and side yards, and placed it on the curb for
accumulation. The effect of street distance on debris
estimation decreased from 655.1 yd® (500.9 m®) of tree
debris per street mile (1.61 km) to 638.4 yd* (488.1 m?)
in the updated model (Table 2). The ice thickness pre-
dictor also increased with each inch (2.54 cm) of ice,
accounting for 59,307 yd® (45,343 m®) of tree debris
in a community. Tree debris from storms is one com-

ponent of annual tree biomass in the urban forest
(Nowak et al. 2019).

Tree Debris Model Application

The model estimates for debris in this paper predict a
volume associated with the near-term collection of
tree biomass within public ROWs. Additional woody

Table 1. Estimation of tree debris (yd®) collected from within public lands and rights-of-way by a community following an ice
storm. Modified model based on Hauer et al. (2011). TCC (tree canopy cover); TCC.y (canopy cover estimate across the

entire city).
Variable Unstandi.lrdized Standard error of r-statistic Povalue
coefficients the mean
Constant —257,643 72,644 -3.55 =0.001
Street distance (mi) 638.4 31.9 20.03 <0.001
Ice (in) 59,307 19,310 3.07 =0.004
TCCerry (%) 2,884 1,603 1.80 =0.081

Table 2. Comparison of 2 models to estimate tree debris (yd®) following an ice storm collected by a community using a canopy
cover estimate across the entire city (TCC¢y). The NLCD (National Land Cover Database) model variable used 30-m imagery
and the NAIP (National Agriculture Imagery Program) and NAPP (National Aerial Photography Program) model variables used
approximately 2-m or better imagery. SEM (standard error of the mean); TCC (tree canopy cover).

NLCD Model Adj R* = 0.949 NAIP/NAPP Model Adj R*=0.917
Variable coclfcents (SEM) Pvalue cocltcents (SEM) Pvalue
Constant ~129,677 (72,644) <0.001 257,643 (72,644) =0.001
Street distance (mi) 655.1 (31.9) <0.001 638.4(31.9) <0.001
Ice (in) 49,426 (19,310) =0.003 59,307 (19,310) =0.004
TCCary (%) Not Significant =0.207 2,884 (1,603) =0.081
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debris occurs on private property. Tree debris that is
collected and reimbursed through United States Fed-
eral Emergency Management Agency disaster decla-
ration is restricted to public property (FEMA 2018).
The debris estimates from communities used to develop
this model were based on debris placed within a public
ROW (Hauer et al. 2011). This included debris from
trees within the public ROW and debris that was placed
in the ROW from private tree debris that either fell or
was placed in the public ROW. Additional tree debris
occurs on private land that was not accounted for in
the model, which a community would normally collect
within a few weeks to months following an ice storm.

It is not uncommon for additional tree debris result-
ing from storms to occur several months or even years
later, either from failure initiated by the storm or peo-
ple’s decisions (e.g., people may decide to remove trees
due to concern of future failure)(Hauer et al. 2006;
Conway and Yip 2016). The model in this paper does
not account for this. In addition, trees may become
damaged by ice storms and not immediately fail from
the storm (Shortle et al. 2003; Luley and Bond 2006;
Greene et al. 2007). For example, tree branches may
become cracked from ice loading and then, during a
later loading event (e.g., wind, ice, foliage), fail and
become debris (Zipperer et al. 2004; Greene et al.
2007; Kraemer and Nyland 2010; Coder 2017).
While it is important to account for these additional
residual sources of debris, the intent of this current
model is to rapidly predict potential tree debris vol-
umes during the near-term collection of debris. Thus,
the modified model in this paper is intended to make
local and regional estimates of debris collected by a
municipality soon after ice storms (e.g., weeks to a
few months). These estimates could be used then to
plan for labor and equipment needs and estimate the
potential costs for state and federal recovery funding.

CONCLUSION
Storms are a common urban forest disturbance factor
resulting in tree damage and debris. Ice storms are one
such common storm in eastern North America. Pro-
actively estimating the volume of debris, or rapidly
estimating potential debris soon after a storm, is
important for planners. This study used an improved
tree canopy estimate within a tree debris estimation
model. We found marginal improvement using finer
resolution imagery. However, the use of the canopy
predictor should make a more local-based estimate
for a community from a regional predictive model

associated with the original model. Finally, ice storm
frequency and severity within the eastern United
States necessitates the incorporation of ice storm
information into the urban forestry planning process.
While we cannot stop ice storms from occurring, we
can take steps to reduce the impact of this major for-
est disturbance on urban forests and the interface
between forests, buildings, and infrastructure.
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Résumé. La planification des mesures de préparation en vue des
tempétes devrait inclure ’estimation des débris d’arbres qui
seront générés. Cette étude a testée 1’amélioration d’un modele
d’estimation rapides des débris d’arbres suite a des épisodes de
verglas. Un premier modeéle trouvé, utilisant les données de la
couverture de la canopée arborescente (TCC) de la National Land
Cover Database (NLCD) a résolution de 30 m, n’a pas amélioré
de maniére significative (P = 0,20) I’estimation des débris
d’arbres dans une servitude de passage communautaire aprés un
¢épisode de verglas. Nous avons testé si I’imagerie TCC plus fine
du National Agriculture Imagery Program (NAIP)(résolution de
2 m ou supérieure) pouvait prédire avec plus de précision les
débris d’arbres apres un verglas. La couverture de la canopée des
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arbres a été estimée avec le NAIP sur I’ensemble de la commu-
nauté (TCCqry) et également sur la zone qui ne couvrait que la
servitude de passage et une zone tampon de 15,24 m (50 pieds) de
chaque coté de (TCCrow). L’estimation TCCqry (P = 0,08) a
légerement amélioré la prédiction des débris d’arbres dans le
modéle de régression multiple global (R* adj = 0,917; F=133,8;
df = 3,33), mais ce n’était pas le cas avec 1’estimation TCCyoy
(P=0,66). L’estimation de la TCCry était de 34,7% (SEM = 2,0)
et significativement (P < 0,001) deux fois supérieure a 1’estimation
de 1aTCC de 16,2% (SEM = 2,2) provenant de I’imagerie NLCD.
Nous avons constaté que le TCCyoyw était de 32,6% (SEM = 1,6)
et significativement plus faible (P = 0,003) que le TCCqry. Les
résultats de cette étude peuvent améliorer la capacité globale
d’estimation des débris d’arbres générés lors des verglas, en com-
paraison des mode¢les régionaux actuellement utilisés, pour une
¢évaluation plus locale par une ville. Des investigations futures
seront nécessaires pour déterminer si c’est le cas.
Zusammenfassung. Zur Sturmvorbereitung gehdrt auch die
Abschitzung des AusmafBes der Baumverluste. In dieser Arbeit
wurde eine Verbesserung eines Modells zur schnellen Schitzung
von Baumverschmutzungen nach Eisstiirmen getestet. Ein erstes
Modell, bei dem Daten der National Land Cover Database (NLCD)
mit einer Auflosung von 30 m fiir die Baumkronenbedeckung
(TCC) verwendet wurden, fiihrte nicht zu einer signifikanten Ver-
besserung (P = 0,20) der Schitzung des Baumschutts innerhalb
eines kommunalen Wegerechts (ROW) nach einem Eissturm.
Wir testeten, ob feiner aufgeldste TCC-Bilder des National Agri-
culture Imagery Program (NAIP)(2 m Auflosung oder besser)
eine genauere Vorhersage des Baumschutts nach einem Eissturm
ermdglichen. Die Baumkronenbedeckung wurde mit NAIP fiir
die gesamte Gemeinde (TCCcry) und auch fiir den Bereich
geschitzt, der nur die Fahrbahn und einen 15,24 m langen Puffer
auf jeder Seite der Fahrbahn abdeckte (TCCgoyw). Die TCCeiry-
Schétzung (P = 0,08) verbesserte die Vorhersage des Baumscha-
dens im gesamten multiplen Regressionsmodell geringfiigig
(R*adj=0,917; F=133,8; df=3,33), aber dies war nicht der Fall
bei der TCCyow-Schitzung (P = 0,66). Die TCCcry-Schitzung
betrug 34,7 % (SEM = 2,0) und war signifikant (P < 0,001)

doppelt so hoch wie die TCC-Schétzung von 16,2 % (SEM = 2,2)
aus den NLCD-Bildern. Wir fanden heraus, dass die TCCrow
32,6 % (SEM = 1,6) betrug und signifikant niedriger (P = 0,003)
war als die TCCyry. Die Ergebnisse dieser Studie konnten die all-
gemeine Fahigkeit zur Vorhersage von Baumverlusten nach Eis-
stiirmen verbessern, indem die derzeit verwendeten regionalen
Modelle durch eine lokalere Schitzung fiir eine Stadt ersetzt wer-
den. Zukiinftige Untersuchungen sind erforderlich, um festzustel-
len, ob dies der Fall ist.

Resumen. La planificacion de preparacion para las tormentas
debe implicar la estimacion de los restos de arboles. Este docu-
mento probd una mejora de un modelo de estimacion rapida de
escombros de arboles después de tormentas de hielo. Un modelo
inicial encontrado utilizando datos de cobertura de dosel arboreo
(TCC) de la Base de Datos Nacional de Cobertura del Suelo
(NLCD) de 30 m de resoluciéon no mejord significativamente
(P =~ 0,20) la estimacion de los desechos arboreos dentro de un
derecho de paso comunitario (ROW) después de una tormenta de
hielo. Probamos si las imagenes TCC del Programa Nacional de
Imagenes Agricolas (NAIP) de resolucién mas fina (resolucion
de 2 m o mejor) podrian predecir con mayor precision los escom-
bros de arboles después de una tormenta de hielo. La cobertura
del dosel de los arboles se estim6 con NAIP en toda la comunidad
(TCCqry) y también el area que solo cubria la ROW mas un
amortiguador de 15,24 m (50 pies) a cada lado de (TCCgoy). La
estimacion de TCCcypy (P = 0,08) mejord marginalmente la pre-
diccion de escombros arboreos en el modelo general de regresion
multiple (R? adj = 0,917; F = 133,8; df = 3,33), pero este no fue el
caso con la estimacion de TCCroyw (P = 0,66). La estimacion de
TCCrry fue de 34,7% (SEM =2,0) y significativamente (P < 0,001)
dos veces mayor que en la estimacion de TCC de 16,2% (SEM =2,2)
de imagenes NLCD. Encontramos que el TCCroy fue del 32,6%
(SEM = 1,6) y significativamente menor (P =0,003) que en TCCyry.
Los resultados de este estudio pueden mejorar la capacidad gen-
eral para predecir los escombros de arboles después de las tor-
mentas de hielo de los modelos regionales utilizados actualmente
a una estimacion mas local para una ciudad. Se necesitan investi-
gaciones futuras para determinar si este es el caso.
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Appendix.

Table S1. Imagery sources and quality used in this study to estimate tree canopy cover (TCC). NLCD (National Land Cover
Database); NAIP (National Agriculture Imagery Program); NAPP (National Aerial Photography Program); ND (no data).

fee | Socctral | Tmage | APProximate | NLCD TCC N%Aépcn\(ﬂ‘;l;l) NAIP/NAPP TCC
City State | storm sery P g resolution (%) entire NG (%) street
ear date bands® source (m) communi entire riehts-of-wa
y ty community g y
. Three-
Ballwin MO | 2007 | 2006 NAIP 2 315 547 376
Band
Bath ME | 2008 | 2007 Three- NAIP 1 47.1 64.8 47.6
Band
Burlington | NC 2002 1995 One-Band | NAPP 2 16.1 304 ND
Burlington | NC | 2003 1995 | One-Band | NAPP 2 16.1 30.4 ND
Decatur IL | 2006 | 2005 Three- NAIP 2 117 40.4 39.0
Band
L. Three-
Ellisville MO | 2006 | 2005 Band NAIP 2 ND 53.0 40.4
Euclid OH | 1996 | 1994 | One-Band | NAIP 35 9.0 28.1 ND
Evansville IN 2009 2008 Four-Band NAIP 1 10.2 27.1 24.1
Exeter MO | 2007 | 2005 | TS| NAmp 2 33 277 270
Band
. Three-
Fayetteville | AR 2009 2006 Band NAIP 2 26.1 423 28.9
Three-
Forsyth IL | 2007 | 2005 NAIP 2 62 29.0 19.9
Band
Gladstone | MO | 2002 1997 | One-Band | NAPP 2 11.6 303 ND
Greenville | SC | 2005 | 2005 Three- NAIP | 402 50.7 483
Band
Harrison AR | 2009 | 2006 Three- NAIP 2 13.1 372 31.8
Band
Three-
Henderson | KY | 2009 | 2008 NAIP 1 11.9 28.9 233
Band
gfﬁders‘m' NC | 2010 | 2009 | Four-Band | NAIP 1 257 35.0 42
Three-
Holden MA | 2008 | 2006 NAIP 2 ND 785 61.8
Band
Three-
Jackson MO | 2007 | 2007 NAIP 1 14.7 319 232
Band
Jefferson Three-
City MO | 2007 | 2005 Bard NAIP 2 263 44.4 31.0
Jonesboro | AR | 2009 | 2006 Three- NAIP 2 249 316 244
Band
Three-
Leesburg VA | 2007 | 2006 NAIP 2 113 31.0 303
Band
. Three-
Leominster | MA 2008 2006 Band NAIP 2 50.8 64.6 52.2
Lincoln IL | 2006 | 2005 | One-Band | NAIP 2 4.0 356 392
Litchfield | CT | 2001 1998 | One-Band | NAPP 39 512 ND ND
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Table S1. continued

Ice Imager Spectral Imase Approximate | NLCD TCC N?él’cll\(l‘?l)’P NAIP/NAPP TCC
City State | storm sery P g resolution (%) entire NG (%) street
ear date bands?* source (m) communi entire riehts-of-wa
y ty community g y
. Three-
Maryville MO 2007 2005 Band NAIP 2 4.2 21.0 23.6
Three-
Mayfield KY 2009 2008 Band NAIP 1 9.8 30.8 26.4
Mountain |\ p 1 5009 | 2006 Three- NAIP 2 19.7 42.0 27.6
Home Band
Three-
Owensboro | KY 2009 2008 NAIP 1 7.0 21.0 19.7
Band
Paducah KY | 2009 | 2008 Three- NAIP 1 14.1 36.1 312
Band
. Three-
Raleigh NC 2002 1999 Band NAPP 0.5 32.8 534 394
Richmond Three-
Heights OH 2006 2005 Band NAIP 2 18.6 493 38.5
Three-
Savannah MO 2007 2006 NAIP 2 5.1 27.8 29.9
Band
. Three-
Sidney OH 2005 2004 NAIP 1 13.7 27.2 25.5
Band
. Three-
Sikeston MO 2008 2007 NAIP 1 43 15.6 25.5
Band
. Three-
Sikeston MO 2009 2007 NAIP 1 43 15.6 25.5
Band
. Three-
Springfield | MO 2007 2005 Band NAIP 2 11.7 39.9 36.3
St.Louis | MO | 2006 | 2005 Three- NAIP 2 7.9 16.0 315
Band
Three-
St. Peters MO 2007 2005 NAIP 2 10.0 26.9 24.5
Band
Tulsa OK | 2007 | 2006 Three- NAIP 2 10.1 33.9 325
Band
. Three-
Winchester | VA 2007 2006 Band NAIP 2 9.1 33.0 31.7

“Four-Band (Natural Color/Color Infrared); Three-Band (Color); One-Band (Black and White)
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