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A H ~ ~ I < A C . I :  Before county dnd local governments will ~ ~ t i l i ~ c  satellite d,lta extensively for 1,lndcover inventories, digital 
image t~rocessing tcchniq~tes must  be developecl to identify tr,insitional land-us' conditiorls 'ilnd c r w t c  Ial#e-scale, 
readable Iancl-cover 11laps. This s tudy examines a satellite-b'ised I'lnd-cover inventory clonc for Schoh,lrie Ct)unty, New 
York and reviews tht, problems encountered in identifying and mapping brushland - a significant transitional land use 
- within the county and region. Brushl,ind t l i r o ~ ~ g h o ~ ~ t  the Northedst represents b d r ~ n i ~ t e r  for I I I C ' J S L I ~ ~ ~ ~  the shift 
away from agricultural land use to scconcl-home property. Detecting and locating brushland on '1 regular basis can 
greatly assist county and local government officials in plcinning and managing a c o ~ ~ n t y ' s  future. 

INTRODUCTION 

S C I ~ H A R I C  COUN I Y, a rural county situated on the northern 
edge of the Catskills, is experiencing, as are many areas of 

the northeastern United States, a land-use shift away from dairy 
farming and a movement toward vacation/second-home prop- 
erty. In 1968, using traditional aerial photographic techniques, 
New York State developed a land-use inventory of its upstate 
region. Employing the same techniques, the inventory was up- 
dated in 1973, but only for the Catskill Region. Maintaining the 
five year interval, the inventory was again updated in 1978 for 
Schoharie County using Landsat MsS data and digital image 
processing techniques. One major land-use change noted in 
these inventories was the shift of marginal farmland to aban- 
doned, brush covered land which eventually would become 
forests - the desired environment for second-home property. 
Brushland represents a significant intermediate stage in this 
land-use shift; however, it does not form a homogeneous sur- 
face condition in a manner similar to some other land covers, 
making it diff~cult to identify and display using conventional 
digital image processing techniques. Local government officials 
throughout the rural areas of the Northeast are quite concerned 
about the repercussions which this land-use change might have 
on local economies and governmental expenditures. Brushland 
forms a barometer for measuring land loss to active agriculture 
and potential land gain for second-home development. Using 
Schoharie County as a case study, this paper examines the is- 
sues associated with detecting and recording brushland using 
satellite imagery in comparison to aerial ph&ography and the 
reaction of local novernmental officials to a satellite based in- 
ventory featuring-brushland. 

BACKGROUND 

In 1966, the New York State Office of Planning Coordination 
was directed by the late Governor Rockefeller to develop a com- 
prehensive land-cover study of the entire state known as the 
Land Use and Natural Resources (LUNR) inventory. This inven- 
tory was based on aerial photography taken in 1967-68 for up- 
state New York and 1969-70 for Long Island and New York 
City (Swanson, 1969). From these photographs, land-use maps 
were produced on mylar film as overlays to the U.S. Geological 
Survey 7fi-minute quadrangles. These maps were valuable 
planning and development tools used by local governments. 
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From the information on these maps, a computerized geodata 
base was constructed which was structured on the Universal 
Transverse Mercator (LUXI) grid with a cell resolution size of 
one square kilometre (Tomlinson, 1976). 

In 1972, the Temporary State Conimission to Study the Cats- 
kills (1975b) was established by the State Legislature. One of 
the charges given to this commission was to analyze land-use 
conditions in the seven-county area designated as the Catskills. 
Schoharie County was one of the seven counties. Based on 
aerial photographs taken in 1973, updated LUNR maps were 
made of the region. Thus, the Commission was able to detect 
and analyze land-use change over the five-year interval be- 
tween the 1968 and 1973 LUNR inventories. In 1976, the Com- 
mission was dissolved with no plans made for updating LUNR 
maps in the future. 

In 1975 a cooperative program was established between the 
State University of New York, College at Oneonta, and the 
Schoharie County Planning and Development Agency (SCPDA). 
Several projects were undertaken through this program, one of 
which was to develop a countywide automated geographic in- 
formation system for environmental monitoring (Baumann, 
1983a). This system contained land-use information from the 
1968 and 1973 LUNR inventories. In the early 1980s, the land- 
use portion of this system was updated using 1978 Landsat MSS 
data. The year 1978 was selected in order to maintain a five- 
year interval. In addition to updating the geographic informa- 
tion system, a new set of mylar overlay maps showing land use 
was prepared based on the 1978 MSS data. SCPDA was particularly 
interested in having up-to-date maps because the planners had 
done considerable work with the 1968 and 1973 LUNR maps and 
found them to be an important resource for planning purposes. 

This project was spoAsored by NASA's ~ g s t e r n  G i o n a l  Re- 
niote Sensing Applications Center (ERRSAC) to demonstrate the 
utility of operational applications of satellite data at the local 
government level (Baumann, 1981). The total cost of the project, 
including computer time and data acquisition, was $11,600, 
considerably less than the estimated $25,000 needed to produce 
the 1973 LUNR maps which were based on aerial photography. 
However, for several reasons the project was not repeated. First, 
with the commercialization of the Landsat program, satellite 
data sets have increased in price form several hundred dollars 
to several thousand dollars per set. For a project of this type, 
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this price increase might be partially offset by the decrease in 
the cost of computer time. Second, the maps generated through 
this project were difficult for the local planners and decision- 
makers to read. This problem is discussed in greater detail later 
in the paper. Third, both LUNR projects as well as this project 
were supported mainly by state and federal funds. The county 
does not have a record of financing work of this type from local 
funds. This same problem has plagued the development and 
use of the geographic information system prepared by the col- 
lege for the county. Finally, the lack of time and funds by both 
the college and county has made it difficult to train local officials 
on how to use remote sensing and GIs techniques to address 
the county's planning problems. 

STUDY AREA 

Schoharie County, situated in east-central New York State, 
covers an area of 1616 square kilometres (see Figure 1). Based 
on the 1980 Census, the county has a population of 29,710 with 
its largest community accounting for 5272 people. In 1970 the 
county had 24,750 people; thus, during the ten-year interval it 
experienced about a 20 percent increase in population. The State 
during this same time period faced a 3.7 percent decrease in 
population. Schoharie's growth reflects mainly an internal shift 
in the State's population from the urban centers to the rural 
areas. These population figures for the county do not include 
the large non-resident population. 

Dairy farming is the county's principal occupation, followed 
by service activities and a few small industries. A growing num- 
ber of people commute to Albany and Schenectady to work 
aided by the construction of an interstate highway through the 
county. The county faces several major land-use problems, two 
of which are the continued loss of agricultural land and the 
increase of land owned by non-county residents. From 1969 to 
1978, during the period that the county experienced a 20 percent 
increase in population, it lost 105 farms and 9880 hectares of 
farm land. However, the average size of a lost farm was 93.8 
hectares, which would indicate that most of these farms were 
working under marginal conditions. This loss of farmland rep- 
resents an on-going process which started mainly after World 
War I1 and peaked during the 1950s and 1960s when a number 
of large, marginal farms in hill regions of the county were aban- 
doned. In 1980, the county had 10,889 year-round housing units 
and 1,762 seasonal or vacant units. Of this latter group, 433 
were designed for occasional use such as weekend visits, sum- 

FIG. 1. Location of Schoharie County in New York 
State and the Catskill Region as defined by the 
Temporary State Commission to Study the Cats- 
kills. 

mer vacations, or hunting trips, and 338 were in varying stages 
of abandonment. 

The county possesses considerable topographic variation 
ranging from low rolling hills above the Mohawk Valley in the 
north to the Catskill Mountains in the south. The northern third 
of the county averages around 425 metres in elevation with a 
local relief of approximately 45 metres. In general, this rolling 
land produces good crops such as hay, corn, and oats. A rela- 
tively high, heavily dissected plateau condition exists through- 
out the center of the county. With poor soils and steep slopes, 
the land is mainly in forest, brushland, and pasture. In the 
southern part of the county the Catskills rise to elevations of 
over 765 metres, 150 to 185 metres above the general level of 
the upland plateau. These glaciated mountains, with rounded 
slopes, are heavilv wooded. Overall, the county corresponds 
closely in area t d  the drainage basin of the s;hoharieaRiver 
which flows northward from the mountains to the Mohawk 
River. This river meanders through a wide, fertile valley setting 
from 150 to 245 metres below the surrounding uplands. En- 
dowed with rich soil, the valley contains excellent farmland and 
forms the historical heart of the county. Figure 2 shows the 
Schoharie River flowing northward through the county's hill 
region in the south out onto its rolling topography area in the 
north, eventually linking with the east flowing Mohawk River. 

BRUSHLAND 
Brushland represents a transitional stage of pasture and cul- 

tivated land reverting back to forest. Around the turn of the 
century much of the hill land and slopes as well as valleys in 
Schoharie County were cleared of forest and used for pasture 
and cropland. As farmers in the region found it harder to com- 
pete with the development of new technologies and economic 
approaches to farming, they started to supplement their income 
with non-farm jobs, and concentrated their farming endeavors 
on their best land, mainly the valley bottoms and low slope 
areas (Temporary State Commission to Study the Catskills, 1975a). 
With smaller dairy herds developing due to increased milk pro- 
duction per cow and tractors replacing horse-drawn equipment, 
which was more suited for steeper slope areas, much of the 
pasture and cropland reverted back to forest. Pasture would 
start first by showing clusters of low brush generally near the 
edge of the field next to existing forest. Next, white pine trees 
would intrude, forcing the low brush to move further into the 
field. Hardwoods (mainly maple and oak) would follow by mix- 
ing with the pine and eventually replacing the pine except on 
steep and north-facing slopes. Cropland went through these 
same stages, but farmers frequently allowed this type of land 
to convert initially to pasture. Figures 3a through 3c show a 
series of aerial photographs taken in 1937, 1960, and 1973, re- 
spectively, for the same area. These photographs illustrate such 
historic changes, as cropland and pasture gave way to brush- 
land and finally to forest. 

Brushland provides little income to farmers who face in- 
creased property taxes as the county is pushed toward offering 
more services for the growing non-farm population. In 1971, 
the State required each county to produce a tax map for each 
parcel of land. Because much of the land was originally laid out 
by the metes and bounds system, property lines were fre- 
quently in question, but with the aid of aerial photographs, 
these tax maps were made showing property lines. With better 
defined parcels, many farmers found that they owned more 
land than originally indicated and, as a consequence, had to 
pay more taxes. With an increase in non-productive land and 
more taxes, farmers have felt the pressure to dispose of their 
farms. Sometimes if they are not able to sell their land, they 
lose it to delinquent taxes. Urbanites from the nearby cities, 
especially New York City, find land prices in places like Scho- 
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FIG. 2. Landsat Mss Band 6 image of the Schoharie 
Region. The Schoharie River flows northward through 
the center of the image linking with the Mohawk River 
which is located outside the country. 

harie County extremely low. They are seeking property for rural 
retreats and as a means of lowering both their federal and state 
income taxes by having a second home. To some of these ur- 
banites, especially those interested in hunting, brushland areas 
are quite attractive, because wild game such as deer and turkey 
concentrate in brush environments. These urbanites also like 
forested areas because they provide more privacy and epitomize 
the "back to nature" experience. 

Brushland represents an important barometer of land-use 
changes in the county and associated changes in social and 
economic patterns. A farmer generally takes note when another 
farmer does not work a field and allows it to begin the process 
of reverting back to the natural environment. It reflects how 

(c) 
FIG. 3. Photographs taken in (a) 1937, (b) 1960, and (c) 1973, respec- 
tively, showing the normal land-use shift of cropland to brushland and 
brushland to forest. 

problem lies in obtaining accurate information about brushland 
for large areas within a reasonable time period, so that decisions 
based on general observations and speculations are minimized; 
thus, the need for satellite based remote sensing techniques to 
detect brushland. 

the second-farmer is thinking and problems which he may be 
facing. County and town planners and decision-makers try to 

1978 STUDY 

take note of the same conditions but at a different scale. By A 9 August 1978 Landsat MSS scene was acquired for the 1978 
identifying which areas are experiencing a shift from agricul- updating of the 1968 and 1974 LUNR inventories of Schoharie 
tural land to brush conditions, planners and decision-makers County. In addition to maintaining the five-year interval, the 
can attempt to take appropriate action at an early stage. Their scene was selected for its near cloud free conditions, high rat- 
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neighboring pixels to form larger clusters might make the maps 
less complex in appearance and, thereby, more readable, but 
this process might also eliminate many of the transitional areas. 
In most cases local rural planners want good land cover maps 
down to the 7%-minute level. Small scale, satellite derived maps 
are generally attractive and colorful, but they do not provide 
information down to the level at which local planners frequently 
need to work. 

The box-shaped representation of patterns could be overcome 
by developing more sophisticated computer algorithms that could 
generalize the boundaries between land-cover classes and cre- 
ate cosmetically better looking maps. This process would re- 
quire considerably more computer time. To draft a single map 
using the existing system took approximately 30 minutes of 
process time on a large mainframe computer and slightly more 
than two hours on a high speed digital plotter. To handle het- 
erogeneous land-cover conditions, which are inferred through 
the mosaic clustering of other land covers, is a harder issue to 
overcome. A nearest-neighbor algorithm niight be designed that 
could detect areas with clusters of individual pixels associated 
with certain land covers and group the pixels in these area 

FIG. 4. Sample area from the land-cover map produced from the 1978 
Landsat MSS data. 

FIG. 5. Same sample area as shown in Figure 3, but from the LUNR map 
developed from the 1973 aerial photography. 

together to form a single land-cover class. Such an algorithm 
would be extremely difficult to develop and would consume a 
great amount of computer time which could push the cost of 
producing maps of this type beyond what a local government 
could afford. 

Although the county has not provided any funds to continue 
this project using 'I'M data sets for either 1983 or 1988, some 
work on brushland identification and mapping has been done 
at the college using TM data. This research has not produced 
any approach for detecting brushland as a separate land-cover 
class, and the mapping problem has been compounded by the 
smaller TM pixel resolution. Also, the computer time to produce 
a map has increased considerably. 

SUMMARY 

Local planners and policy makers are interested in identifying 
and locating brushland areas because they generally represent 
the early stage of the loss of farm land and the movement toward 
second-home property. Brushland is a major land-cover cate- 
gory throughout the Northeast, but, as a transitional land cover 
with apparent I~eterogeneous conditions, it is difficult to detect 
using normal digital image processing techniques. To display 
brushland conditions on maps as mosaics of pixels representing 
a variety of land covers results in maps which are difficult to 
read and use. Before local planners and other government of- 
ficials begin to view digital remote sensing as a means to ad- 
dress their planning and resource management problems, image 
processing techniques need to be developed that detect heter- 
ogeneous surfaces (such as brushland in the Northeast) as sep- 
arate entities and methods must be found to produce large-scale 
maps which are readable and comparable to conventional land- 
cover maps. Also, local government officials must receive the 
opportunity to learn more about the techniques used to classify 
satellite digital imagery. Workshops represent a possible way 
to handle this problem, but local officials must receive adequate 
release time to make workshops practical. Attempts were m a d e  
to conduct workshops for the Schoharie County planners, but 
they could only attend for a one-half day presentation. Without 
some method of educating these officials, a certain reluctance will 
always exist about using a technology they do not understand. 
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