Since the late 1990's, the New York Power Authority (NYPA),

; assisted by staff from Gomez and Sulliyan and Terréstrial

_ Ecological Services, has used lntegrated Vegetation
Manégement (IVM) principles to guide their vegetation

’ 'Vmanagement program on their 1400 miles of t'rans'missiron,
lines rights-of-way. We present the changes observed in

1

__plant communities across NYPA's transmission system

following four cycles of IVM treatments. Data from the initial

field surveys (1999 - 2002) showed medium to high density
(1,000 - > 3,000 stems per acre). Non-compatible stands
occupied 18%, while stands with low densities of non-
compatibles (0 - 1,000 stems per acre) occupied 50%, of the
total acreage. Data taken after four‘tr;aatment cycles (2011 -
2014) indicate that medium to high density had been
reduced to 6% while the percentage of low density non-
compatibles had been.increased to 70%.7Reddc’tions in the
heights of non-compatible species have also been‘ noted.
Prelimihary surveys showed 41% of the non-compatible tree
; heights to be 0-10ft; trees 11ft or greater occupied 26% of
the acreage. After four treatment cycles, 68% of the
acreage had non-compatible tree heights at 0-10ft, and the
taller trees (11t or greater) occupied only 8% of the total
acres surveyed. Areal coverage of compatible plant species
has increased, throughout the ROW corridors, a direct result

of the application of IVM principles.

191

ROW Vegetation
Changes Over Four
Treatment Cycles, IVM
Controls the Growth of
Non-Compatible Trees

James Kooser, Kendra Gorski,
Lana Khitrik, Donald Coogan,
Lewis Payne, John Gwozdz,
and Paul Breier

Keywords: Compatible density,
Geographical Information System,
Integrated Vegetation
Management (IVM), New York
Power Authority (NYPA),
Non-compatible density,
Right-of-Way (ROW),

Vegetation Management.

Environmental Concerns in Righls-of-Way Management
11th International Symposium

Jean Doucet (editor)

© 2016 Utility Arborist Association.

All rights reserved.




192

INTRODUCTION

ANSI (2006) defines Integrated
Vegetation Management (IVM) as: “a
system of managing plant communities
in which compatible and incompatible
vegetation is identified, action
thresholds are considered, control
methods are evaluated, and selected
control(s) are implemented to achieve a
specific objective. Choice of control
methods is based on effectiveness,
environmental impact, site
characteristics, safety, security and
economics”. IVM is a strategy that uses a
variety of techniques to manage the
ecology of rights-of-way (ROW) in such a
way that species not compatible with the
purpose of the ROW are discouraged
from growing. For high-voltage electric
transmission lines, tall trees that may
grow to encroach upon the wire security
zone (generally an area of
approximately 15 feet around the
electric conductor) constitute the non-
compatible species. IVM uses biological,
physical, chemical and cultural
techniques to control the growth of tall
trees and encourage the growth of low
growing species. The recognition that
ROWs dominated by dense communities
of native, low growing species safely and
reliably transmit electricity and that the
careful selective removal of non-
compatible species can achieve the
desired stable plant communities, has
long been known (Egler 1953, Niering
and Egler 1955, Niering 1958). New
York State regulations have since 1980
included this selective vegetation
management approach (Jackson 1997,
McLoughlin 2002).

Clearly, implementing IVM requires
a knowledge of the species that are
compatible and not compatible with the
reliable transmission of electricity
(Nowack and Ballard 2005). A
thorough inventory should identify the
species, heights and densities of both
the target, non-compatible species to be
treated, and also identify the compatible
species whose growth is to be
encouraged. Treatment prescriptions
must be tailored to these specific site
conditions to meet the IVM goals
(Alkiewicz et al. 2002).
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Figure 1. NYPA's Electric Transmission System.

Regularly repeated inventories also
have the advantage of providing records
of change over time along ROWs. In this
paper, we present data gathered from
1999 through 2014 over the New York
Power Authority’s (NYPA) transmission
system.

METHODS

STUDY AREA

NYPA operates 1400-mile electrical
transmission right-of-way (ROW)
corridor throughout New York State
(Figure 1). New York is a large state, and
terrain and therefore dominant plant
communities vary widely across the
system. Relatively flat glacial plains occur
around Lakes Erie and Ontario, and
along the St. Lawrence River. Major
North to South lines skirt the edges of
the Adirondack Mountains, and cut
through the Catskill Mountains. Forest
types range from northern hardwoods to
forests dominated by more southern
Appalachian species. Wetlands, rivers,
lakes and streams abound.

DATA COLLECTION -
VARIABLES, METHODS AND
INSTRUMENTS

Since 1999, a collaborative team of
ecologists has conducted annual
inventories on roughly one quarter of
NYPA’s transmission lines each year. The
team has surveyed the entire system four
times between 1999 and 2014. The
ROW environmental inventory consists
of field evaluations, data collection, and
mapping. The field crews are made up
of two experienced ecologists who travel
the length of the ROW to be studied
using All Terrain Vehicles (ATVs). The
data are collected on a field computer
containing an ArcGIS field application
and a GPS receiver. Field computers are
loaded with digital orthophotos
covering the lines being studied during
the survey. Additional data on the
computers include the following:

¢ ROW boundaries,

* roads,

* property boundaries and other
planimetric data,

* special condition areas (these
include steep slopes, areas where
permission must be secured prior
to entering the site, land owner
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preferences, etc.),
¢ hydrography,

¢ National Wetland Inventory (NWI)
and NY state wetland mapping,

¢ and the results of surveys from the
last time the current line was
surveyed.

The field crews map areas of uniform
vegetation cover type, with cover type
classified following New York’s LUNR
classification (New York State Office of
Planning Services 1972). The individual
sites are delineated by polygons based
upon a combination of land use, cover
type, and the densities and heights of
non-compatible species. Table 1 shows
the vegetation attributes collected for
each site. The four dominant
compatible and non-compatible species
are recorded. Dominance is visually
estimated by the field crews as the
frequency of occurrence within the
polygon. The density of non-compatible
species is expressed in discrete
categories indicating ranges in the
number of stems per acre (Table 2),
which are visually estimated by the field
crews. In 1999 and 2000, field crews
used only the High, Medium and Low
densities. While analyzing the data from
these two years, NYPA staff and the field
crews realized that many polygons had
densities much lower than 500
stems/acre. Two new categories, Very
Low and Ultra Low were created in
2000, for use during the 2001 field work,
to more precisely describe conditions
seen in the field (Table 2). The average
height of all non-compatible species is
visually estimated. The density of
compatible species is expressed in terms
of percent cover visually estimated
within the polygon being mapped.
These are the primary data used to
determine treatments required.
Additional information collected during
the surveys includes land use within an
area 100 feet on either side of the ROW
boundary, tall trees on the ROW, danger
trees (trees growing off the ROW that
are tall enough to cross the wire security
zone should they fall), special
conditions such as steep slopes or
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Figure 2. NYPA's NATL, MA and GF Transmission Lines.

landowner preferences for access or
treatment, the locations of utilities from
other companies that cross the ROW,
and other information requested by
NYPA.

DATA ANALYSIS

For this paper, we analyzed data from
three major transmission lines operated
by NYPA (Figure 2), and summarized
data for the entire system (Figure 1).
The three major lines analyzed were the
following.

* Niagara-Adirondack Tie Line
(NATL). Approximately 200 miles
of a 300 foot wide ROW, mostly
carrying two circuits on steel
structures, transmitting 345 kV.
The line runs east-west from near
Niagara Falls to Marcy, NY, and
crosses a large glacial plain with
woodlands, wetlands, an
abundance of farmland, rivers,
streams and wetlands and large
urban areas.

¢ Moses-Adirondack (MA).
Approximately 83 miles of a 250
foot wide ROW, mostly carrying
two circuits on wooden structures,
transmitting 230 kV. The line runs

generally north-south from
Massena to Croghan, NY, and
crosses broad, flat plains with
numerous wetlands in the north,
transition to hillier, wooded areas
in the south.

¢ Gilboa-Irasier (GF). Approximately
33 miles of a 400 foot wide ROW
carrying a single circuit on steel
and wooden structures,
transmitting 345 kV. The line runs
east-west from Gilboa to Fraser, NY,
crossing a rugged area of steep,
wooded mountains.

We undertook this study to examine 14
years of data to determine the efficacy of
four complete IVM treatment cycles on
a state-wide transmission system. Clearly
the most important measure of efficacy,
and the most direct measurement of the
effect of treatment, is the change in
density of non-compatible species over
time. We used ArcGIS to analyze
changes in the total number of acres
mapped in each density category. Data
for all 14 years were sorted by survey
year and by line, and the total acreage in
each non-compatible density category
was calculated for each of the three
lines, and the entire system. We
removed from the analysis all polygons
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where the non-compatible density was
listed as NA. NA is a category assigned to
polygons that lack non-compatible
species. These typically include paved
areas, natural barrens, and active
agricultural fields. These areas are
generally stable over time, and represent
areas that NYPA does no need to treat
during each cycle.

A reduction in the mean height of
non-compatible species is a predictable
consequence of IVM. Repeated
treatments should logically reduce both
the density and height of non-
compatible species. For each line and
the entire system, we calculated the
mean non-compatible height for each
survey year.

Finally, repetitive treatments might
be expected to change the vegetative
complexity of the ROW. In general,
treatments are designed to remove areas
of tall growing trees, and create a ROW
dominated by lower growing species.
Therefore, a reduction in the number of
polygons might be predicted along each
ROW. We calculated a total number of
polygons for each line and for the entire
system.

The analysis for the entire NYPA
transmission system was conducted
based on treatment cycles, because the
time between surveys of some of the
lines varied. This allowed us to compare
surveys across the entire system based on
each time the entire system was
surveyed, rather than a specific year.
Thus the first cycle represents all the
data for the first time each line was
surveyed, etc. NYPA treats on a 4 year
cycle.

RESULTS

CHANGES IN NON-
COMPATIBLE DENSITIES

Figure 3 shows the changes in the
density of non-compatible species over
four survey years on NYPA’s NATL.
Roughly 25% of the NATL ROW had a
non-compatible density of NA each
survey year. The proportion of these
areas varies across NYPA’s system, but
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Figure 3. Number of acres in each non-compatible density category by year, NATL Line.
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Figure 4. Number of acres in each non-compatible density category by year, with category

NA removed, NATL Line.

each transmission ROW has large areas
mapped in this category. Since these
areas are not actively managed by NYPA,
the category was removed from
subsequent analyses and figures.

Figure 4 shows results for the NATL
with the NA category, a category
indicating an area in which no non-
compatible species are present,
removed. In the first survey year (1999)
high density of non-compatibles was
mapped on just over 344 acres. By 2012,
the acreage mapped as high density had
been reduced to just over 30 acres. In

1999, there were just over 700 acres
mapped at moderate non-compatible
density. By 2008, there were only 46
acres mapped as moderate density, this
rose to 128 acres in 2012, Low density in
1999 occupied 2,481 acres. Note that in
2001 the low density category was split
into low, very low and ultra-low, to better
reflect actual conditions on the ROW.
Combined low deunsities (L, LV and LU)
increased to 3,926 acres, with the
majority of those acres in the low and
ultra-low categories.
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Similar changes in non-compatible
densities were noted on the MA and GF
lines. High density acreage was reduced
on the MA line, from just over 144 acres
in 1999 to 14 acres in 2011 (Figure 5).
On the GF line, there were 60 acres
mapped as high density in 1999, under 1
acre in 2013 (Figure 6). As with the
NATL, both lines showed increases in
the number of acres mapped as low, very
low and ultra low non-compatible
density (Figures 5 and 6).

Figure 7 shows the changes in
density across the entire transmission
system, in this case expressed in terms of
the percentage of the total acreage
mapped in each category for each
treatment cycle. During the first
treatment cycle, 49% of the system
mileage was mapped as low, very low or
ultra low non-compatible density. By the
fourth cycle, 68% of the ROW was
mapped in the three lowest density
categories, with 58% of that area
mapped as very low or ultra low. The
decreases seen in medium and high
density acreage system-wide mirror those
seen on the three lines presented above.

CHANGES IN MEAN NON-
COMPATIBLE HEIGHTS

Along the NATL, the mean height of
non-compatible species decreased over
the four survey years, from 11.57 feet in
1999 to 7.37 feet in 2012 (Figure 8). The
vegetation on the MA and GF lines also
showed similar decreases in mean
height of non-compatibles (Figures 9
and 10). Note that overall heights were
greater on the GF than on the other two
lines. The mean non-compatible species
height decreased across NYPA's entire
system from roughly 15 feet during the
first treatment cycle, to over 9 feet by
the 4th cycle (Figure 11).

CHANGES IN THE NUMBER
OF POLYGONS

Along the NATL, the number of
polygons drawn to represent discrete
patches of cover, non-compatible density

and treatment changed from 2,163 in
1999 to 1,930 in 2012 (Figure 12), a
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10% decrease. Along the MA line the
crews mapped 488 polygons in 1999. In
2003 the number of polygons mapped
increased to 684. In 2007 crews mapped
561 polygons along the MA, and found a
slightly higher number (586) in 2011
(Figure 13).

In 2001 there were 367 polygons
mapped along the GF line. The 2005
survey found a sharp decrease to 194. In
2009 and 2013, the number of polygons
rose to 262 and 271 respectively,
representing a 26% decrease over the
study period (Figure 14).

The comparison of the number of
polygons for the entire NYPA system was
conducted over treatment cycle, rather
than survey years. There were 6,405
polygons mapped system-wide during
the first cycle. The number of polygons
increased to 9,552 during the second
cycle. In the third and fourth treatment
cycles, the number of polygons was
7,338 and 7,607 respectively (Figure 15).

DISCUSSION

The idea that the systematic, targeted
removal of non-compatible species, with
the concomitant encouraging of the
growth of compatible species, can alter
the ecology of a ROW, and further
discouraging the growth of tall trees
with incrementally lower effort is
traceable to Egler (1953). Since first
proposed, IVM techniques have been
used throughout the US.

Early evidence of the ability of IVM
to develop a stable community of
compatible species arose in the 1970’
(Bramble and Byrnes 1976). Short term
studies on the east coast showed that a
stable community of compatible species
could be developed and maintained,
using IVM techniques, in as few as five
years (Haggie et al. 2008). On the west
coast, Nesmith et al. (2008) showed that
stable communities of clonal-growing
shrubs could form dense thickets along
ROWs, discouraging the growth and
development of tall trees.

Some studies have examined the
long-term effects of IVM on ROWs,
Notably, Bramble and Byrnes (1983)
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evaluated 30 years of data on the well- 3000
known State Games Lands 33 project.
Their study area, one dominated by Lo
forest when cleared in 1951 to 1952, § 20 21;3//2N\
compared plots maintained by hand ;_3' 2073 1930
cutting to plots maintained by broadcast T 1500
and selective herbicide applications. g
Ultimately, the broadcast treatment was 2 1
dropped. Over 30 years, they reported 500
the areas treated by hand cutting were
dominated by “tree sprouts and 0
seedlings with sparse forest shrubs and 1o o Year o o
hfilﬁ)ﬁc;iou? plantsli’, w%lile arflas t;‘fa.tgd Figure 12. Change in the number of polygons mapped by year, NATL Line.
with selective applications of herbicides
were dominated by “shrubs and 800
herbaceous plants of open areas plus 700
shrubs and herbs of the forest with 500 683
numerous seedling and sampling trees” é sa6
(Bramble and Byrnes 1983). 3 e se1
Over the 14 years represented in ; o
this study, the number of transmission E 300
system acres mapped as low density or = 200
lower has increased. Control of non- 100
compatible species worked so well that o
in 2000 NYPA created new density 1989 2003 2007 2014
categories very low and ultra low. In Year
Ig{%l\(;ai’ frmg 1%99 to 201.2’ the NATL Figure 13, Change in the number of polygons mapped by year, MA Line.
showed a decrease in areas
mapped as high and moderate non- 400
compatible density, with the vast 150
majority of the ROW mapped as very low 3%
or ultra low non-compatible density by g
2012. The mean height of non- a0 262 i
compatible species decreased, as did the 5 200
number of polygons mapped. Similar £ 150 154
changes were seen along the MA and GF 5 -
lines. After the completion of four, four
year treatment cycles, NYPA has found 50
that 70% of the total ROW acreage had 0
non-compatible densities of low, very 2ot 2008 Year w0 o
low or ultra low.
Polygons with non-compatible Figure 14. Change in the number of polygons mapped by year, GF Line.
densities of high and medium have not 12000
been entirely eliminated, and they likely
will not be. There are several areas 10000
along NYPA’s transmission system where § 8000 9552
ROWs cross steep forested valleys and :Z‘ rrs 7607
ravines, and where the conductor 5 6000 6405
clearance is quite high. Forests in these .E
areas are not likely to ever encroach 34
upon the wire security zone, and 2000
treatments in these areas are
UNNeCcessary. o , , R .
The height of non-compatible Treatment Cycle

vegetation is a critical variable to control Figure 15. Change in the number of polygons mapped by treatment cycle, entire NYPA system.
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in order to ensure the safe and reliable
transmission of electricity. At a
minimum, control must focus on
preventing woody species from growing
tall enough to encroach on the wire
security zone. As a practical matter,
treating small stature trees and shrubs is
less expensive than treating taller trees,
and label requirements for some
herbicides limit the application to
targets no taller than 10 feet (Dow
Agrosciences 2008). Application of IVM
has led to decreases in the mean height
of non-compatible species over the three
ROWs discussed here, and system-wide
over the four treatment cycles.

The direction and magnitude of a
change in the number of polygons along
ROWs treated by IVM is difficult to
predict, though the notion that the
number should change seems logical.
According to NYPA’s vegetation
management protocols, vegetation
polygons should be drawn such that they
are homogenous in terms of cover type,
non-compatible density and non-
compatible heights. Cover types are
defined in these surveys rather broadly,
any area dominated by shrubs and tree
seedlings would be mapped as FN, or
brush cover. Clearly, as IVM efforts
progress, more areas should be mapped
in this cover type, resulting in a
simplification of the ROW landscape
and a reduction in the number of
polygons. In general, as shown in this
study, the three attributes that define
polygons, cover type, and the density
and heights of non-compatible species,
become more similar over time.

Data for the NATL and MA lines,
and for the entire transmission system,
show a pattern of an increase in the
number of polygons from the first
survey year or treatment cycle to the
second. Some of this is due to the crews
paying strict attention to areas where
adjacent forest was encroaching on the
ROW edges, as NYPA staff directed
beginning in 2002. In these cases, crews
carefully surveyed narrow areas where
forest trees were beginning to grow
slightly inside the ROW edge. This effect
is illustrated by the data from the GF
line (Figure 13), where the number of

polygons decreased by almost half from
2001 to 2005. This line had a large
number of forest encroachments along
its edge. NYPA undertook efforts to re-
establish these edges during subsequent
cycles.

CONCLUSIONS

The application of IVM techniques over
four treatment cycles of four years each
during the period 1999 through 2014,
has led to a sharp decrease in the acres
of ROW mapped as high or medium
non-compatible density, and a
concomitant increase in ROW mileage
mapped as low, very low and ultra low
non-compatible densities. This major
finding shows that the ecology of NYPA’s
ROW is changing. The targeted use of
herbicide applications applied
specifically to non-compatible species,
cutting and mowing techniques and
combined cutting and herbicide
methods has greatly reduced the density
of non-compatible species across the
entire system. Overall, NYPA’'s ROWs are
increasingly dominated by dense growth
of compatible species. In areas where
the conductor clearance is so high that
treatments will never be necessary, some
areas of high and medium non-
compatible density will remain.

Four cycles of IVM have lowered the
mean heights of non-compatible species.
Across NYPA’s systen the mean non-
compatible species heights are less than
10 feet. Most non-compatible species are
therefore occurring at low densities and
low heights, indicating that successive
treatments should take less effort, and
that IVM efforts are succeeding.

The direction and magnitude of any
change in the number of polygons is still
unclear. Despite an initial increase in
the number of polygons, the number
has decreased and may be levelling out.
More study will be needed to determine
the outcome.

This study illustrates that over 4
treatment cycles, dramatic reductions in
the density and height of non-
compatible species can be achieved and
maintained through the use of IVM.
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The question of whether NYPA has
created a stable community still remains.
Stability has been an oft-debated term in
ecological literature. We have
progressed from the idea of a rather
rigid ecological climax community
(Cowles 1899, Clements 1916), through
Whittaker’s (1953) notion of species
sorting themselves along environmental
gradients, to complex notions of the
roles of disturbance and resilience in
the sustainability and stability of plant
communities (Ludwig et al. 1997).
Whether or not plant communities are
stable over time is clearly an open
question, for plant communities on
ROWs or in the greater ecosystem.
Clearly, the application of IVM can lead
to the development of a community
characterized by desirable species which
will work to help discourage the growth
of species that are not compatible with
the goal of reliable transmission of
electricity. The question of whether
these communities along NYPA’s ROW
will remain stable over time depends
upon one’s definition of stability. We
strongly suspect that while IVM efforts,
and herbicide use, will decrease over
time, some IVM will likely always be
required to ensure that tall woody
species do not threaten operation of the
transmission system.
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