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TECHNICAL

REPORT

Geographic Information
Systems integrate
historic and contem-
porary records and
provide locations

of potential

restoration sites.

Documenting Changes in
the Natural Environment
of Indianapolis-Marion
County from European

Settlement to the Present

by Robert C. Barr, Bob E. Hall, Jeffrey S. Wilson,
Catherine Souch, Greg Lindsey, John A. Bacone,
Ronald K. Campbell and Lenore P. Tedesco

ith the increased concern about the

susgainability of urban areas, man-
agers of urban environments are placing
new emphasis on urban ecology and man-
agement of forests and ocher natural areas.
Citing aesthetic, ecological, and enengy-
related benefits, some cities and onganiza-
tions have established ambitious goals for
restoration of tree cover. When programs
o achieve tree-cover poals are cast in terms
of restoration, an implicic asumption s
that managers know the rypes of ecosys-
tems thar should be recreared. In realiey,
our understanding of historical ecalogical
structure and function is still evolving,

In this paper we report on the use of
Geopraphic Informarion Systems (G15)
o integrate historic maps of vegetation
(e 1820) and soils {1911} with more
recent (1997) digital soils and wetland
murps and multi-spectral satellite imagery
o estimate changes in the area and distn-
bution of naneral areas in Indianapolis-
Marion County over time, The work was
initiated by land managers and restoration
speciilists at the Indianapolis Department
of Parks and Recreation who are responsi-
ble for development and management of a
system of narural areas in the ciry, and fre-
quently are asked to supply arcas for miti-
gation projects. If these projects can be

Ecologeal Restovnzion, Vol 20, Mo, 1, 2002

sited on areas that originally were occu-
pied by the desired plant commumiry, the
projects may have a berver chance of suc-
cess [ Mirsch and Gosselink 2000). Untor-
wmately, in Marion County, and many
other urban areas, lirtle is known abour
the original distribution of natural areas,
and what is known generally has been dif-
ficulr for land managers to access. The
appronch presented here provides a first
approximation of the discribution of areas
of mediumfdense tree cover and change
through time, which we believe is of pen-
eral value ro urban land manapers.

Mapping Tree Cover in
Urban Environments

Tree cover in urhan areas can be mapped
using visual interpretation or digital
image procesing of remotely sensed dara
such as aerial photography and satellive
imagery. Digital image processing tech-
nigues are often cived as a more ohjective
approach and provide the additional abil-
ity o integrate data from multiple regions
of the electromagnetic spectrum (Tin-
Seong 1995, Bamsley and Barr 1996,
Moller-Jensen 1997, Jensen and Cowen
1999). Digital processing rechniques can
also be significantly more cost effective for
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analyzing large areas Ventura
and Hurie (1994, for exam-
ple, companed & number of dif-
ferent image interpretation
methodologies and remotely
sensed data sources for urban
Larid cover magping in the ciry
of Beaver Dam, Wisconsin,
They concluded that digital
image processing of satellite
imagery was the most cost-
effective approach for areas
barger than 51 square miles
(130 km?), bur rhar a larper
number of land-cover classes
were defired with grester scou.
ricy using visusl interpretation
of higher resalution aerial pho-
rography. Regardless of the
spproach wsed t0 map urban
barul-cover chamcreristics, GlS
are easeritial for integraiing and
mterpreting these and relared
spatinl dara wurces. GIS are
particulady useful for bnking
and (ntenpeeting sets of sparial
dara rhar were produced ar dif-
ferent points in time wsing dif-
ferent  techniques.  Modern
analyses of ree cover matinely
integrate, for example, hard
copy maps, digital maps and
databases, and daea derived
from multi-spectral remotely
sensed imagery. In this paper
w demonsrate how we apply
this approach to historic data

s weel|

Figurs 1. General forest ssociations based on General Land Office witness tree locations supplemented

Data Sources

and Methods

Pre-European Settlement
Vegetation Communities

For o study we used information on pee-
European setrlement vegetatlon, both
serial cover and composition from three
primary sources: 1) General Land Office
Sarveys (1R20-1822), 20 191 soil survey
of Marion County, and 1) early seiilers
accoutits of Marion Counry, danng
from approximarely 1820 ro 1882, and
thair interpretations.

with area desmiptions from the srveyor's nemative notes.

Surveys (1820-1822)

The LS. General Land Office (GLOY sur-
viey motehooks for Indiana (GLO | 799-
183} provide the single best record of
pre-European  settlement  vegetation
{ Pomader 1956, Lamdsey 19456, Deloourt and
Dieloourr 1999, Barek and others 1999)
Gieneral Land Office reconds have been
used o creare pre-settlement vegetation
maps for many sates (Mashoer 1930,

Lindsey andd others 1963, Gordon 1969,
Curtis 1959, Schaers] and Brown 1996).
The GLOY wrvey of Manon County was
conducted from [|820-15822 and has been
wed by several rescarchens o desoribe the
pre-sertlement vegeration (Blewett and
Poczger 1951, Potzger and others 1956,
Brothers 1994), We expand on this eardier
work Iy wang GI1S 1o compare these dam
with addirional dars sourees, such @ =il
assoctations and topography, We believe
this inethod allines resource managens and

EoowinGical REsToRamion 1] = MARCH 2002




festorationists o berrer wrilize chese
invaluable early records (Radeloff and
others 19#),

The procedures for a GLO survey vary
with the dare the survey was done and the
special instructions that were given o the
contract survevors, In general the survey-
ors walked the perimeter of ench square-
mile secrwon {Bourdo 1956, and as they
walked rthey filled in two prepared forms.
One form wis a funning narmative
intended to describe the general quality of
the land Terms such as “Bottoms,”
“Swampy.” and “Grass Land” commonly
were used. The second form describesd the
vegetation found &t the intemsection of
section and quarer-section lines. The
common name of the tree found at or near
the intersection was recorded, along with
the diameter of the ee and it distance
and compass hearing from the scoal sur-
veyed intersection point. A list of the ree
species recorded in the Marion County
OLO survey, the number of cach specics
recorded, and the inferred fores associa:
tion (Deam 1932, Lindsey and others
1965, IDNR. Division of Nature Preserves
1980, Brothers 1994, Swink and Wilhelm
1994 is presented in Table 1. While the
primary account of pre-Buropean settle-
ment vegetation (Figure 1), guestions
have been rised about whether the data
enm reflecr @ mirveyor's bins towand large
trees, wees of economic value, and rrees
whiose bark s easy 1o mark, such as Ameri-
can beech (Buorde 1956, Manies and
Miaderolf 2000). Stadies by Delcourt and
Dieleoum {1974, 1977) sugpest, however,
that i their study aress, surveyor bias in
selecting tree species was not important
except for one tree species in one habitae,

In order to integrate the witness frec
infommation with other sources of daca, we
digitized the GLO survey data onto
Township and Range boundaries using a
grid comstructed in AwtoCAD™ v 13, At
each intersection of the section lines, a
poins was added 1o represent & tree ocour-
renice. Additional mees were recorded
abong the section lines at cach half section
it esach cpuasrter section. The most common
number of surveyed locations between
intersections wias thiee. Approzimately
ome-thind of the county was sureeyed o a

: Tree species data from the records of the General Land Office Survey of
County (1820-1822) and their status as indicator species [based on Kricher

1thwmuwmmm-w

1932).

Percent of Mumber

Surveysd DEM fin) _Association

Basswesod Tilis amaricana F e 13 Floodplain fonst
and Uplands
American besch  Fagus grandrolia 40 1455 15 Besch-Maple
Bigiooth aspen  Populus grandidentsta 3 14
Black maple Acer nigrum ] B ?‘%.H%._
Black oak Clusrcus veluting 40 4
Black walnut JLIEL!‘EI'T‘I L] F1 Beach-Maple
Black willow Salix r'?a 12 1% Floadpdain forest
Blue ash Frawinus quadrangulsts 3 20 Oiak-Hickary
atlchar Acer negund 5 184 10 Floodpiair ot
Buttermut Juglans cnerea 3 18
Eastarn Populs deltawdes F7] [F] Floodpian
cottonwood ez
& Ulimus spp. 5 195 17 C
Flasstiring Cornus fonida 15 4 Besch-Maple
Grean ath Fraxinus lancealata 18 14 Floodphin forest
Hackbarry Celtis ocoidentalis i 15 Floadplain forest
Hickory Carya wp. 7 240 14 .
Ironwood Cistrya wgpniana n & Beech-Maple
Chio buckeye  Asscubus glabra 1 4 Eeach-Maple and
Floodplain forest
Rad oak Clusveus rubra Fi] 20  Qak-Hackary
Sibvar maphe Mg SROCININLITI 2 13 Floodplain fonest
Sugar maple Acer saccharum 11 Er 15 Besch-Maple
Eastern sycamone  Platanus ocodentalis Ful 7 Floodplain fonest
E tree Liridendson fulipifera 48 7 Beach-Maply
P LTS 50D, 18 4 .
Water besch _ Carpirus caroliniana % 5 "
Wter hooust (Fleditsia macanthos 1 12 Floodplain forest
White ash Fraxings amercina 11 413 16 EBeach-Maple
White oak Quivcus alba L] FoC] i Beech-Maple
White thom  Cratsegus spp. 5 8 Floodplain forest
Wilkcres Salix spp. 0 7 Flooaplain forest
Yallow birch Batula nigra ] 16 Flopdplain fonest
Total 3 spp. 320

* A& pgenus thal has speces o many esimnEents. Fu mih ooy the geeud dentfied 1 4 mpoible 1o Geeene oomm,

ity SO

higher resolution of five surveyed poins
between quadmnt vertices of one mile.
The aren with higher resolution s locared
in the center of the county near the con-
fluence of the White River and Fall Creek,
the two largest drainages in the county.
This area inchudes most of whar i now
known as Center Township as well as some
areas in the surrounding townships (Figare
1). For each point in the dotabase, fiekds

Ecouocacar Restoramion 200 @ Magcii 2007

were added listing the symbol, common
e, scientific name, and dameter ar
breast height (DBH) for esch tree as
reconded in the GLOY reconds, ss well as the
inferred association: beech-maple, aak-
hickory, or Moodplain.

One erivicism of maps produced from
GLO survey data 5 thar no boundaries
In addition, imporant features may be




missed bocavse of 1] the kow density of the
survey poants, 21 the misidentificanon of
tree specier (of names that connoe be
artributed w particular species), andior 1)
inaccessbaliny ro portions of the landscape
{Indzana examples inchude the omission of
Bacon's Swamp in Manon County and
Pinhook Bogg in Lalorte County ),

We also decided 10 wse sddinonal
sources (primarily soil survevs), miven the
strong relationship between plant com-
maimities, sils, popograghy, and preseerle.
ment  vegelalion  patferns,
This approach, though not
withour problems, follows the
earlier work of Lindsey and
buis il beigoes | 19965 ), Schaerzl
and  Brown  {19%), and
Lindsey (1997 ).

Soil Survey (1911)
The Marion County  Sail
Survey (Useib and Schrooder
191 ¥ we wised was prochuced i
1907 and pablished m 1911, In
i, Cieib and Schroeder de-
scribed and mapped o series of
sobl associavions accosding 1
sodl propertes with boundary
vikelinestion aided by mdorma-
mon abonat historic vepetation
commimunitees ansd topographic
relied. Avtribuares for each sl
mclude soil oype, soil code, sail
texture {percentages of clay,
silt, very fine sand, fine sand,
miecdinm saml, conrse sarsd, arwd
tine gravel b, and che asoconed
potential natural vegetation
(Tahle 2b. We digitized the sur-
vey fram an oviginal copy and
then integrated the soal arenb-
utes e the GIS, Wetland
arems in the 1911 soil srvey
were mapped as Miami Black
clay loam or muck (Figuse 2).
By 1883 mest of Marion
County had been dramed and
tilesd for agrculiure {Brown
1883, Gieib and Schaoeder

identified as such in the 1911 survey. Our
working hypothesis is that areas mapped =
sk soils in 1907 were proving difficult w
drain and may providk the best potenial

resEOTaE RN Files.

Unique Areas Identified
from Other Sources

W creared the fimal layer for the pre-
Eurcpean setthement vegetation map using
primary sources written during the perod

of European settlement. Some of these
wcconants provick descriptions of desinctive
arcas thar are mot adeneified in the GLO
reconds or the 1911 soil survey (see exam-
ples in Table 3). These documentary
sounces are particulary important for wet-
land areas in the county that were quickly
druined and destnowved. For example, in
Oliver Johnson's accommt of pioneer life in
Marion County, there & a desoniprion of
“Rowrd Pond Slossgh,” an exrensive wet-
Lamid soreea bocatind ae the base of Crowen Hill

191 1) As a result, many areas

thar originally may have been Figure 2. Soil associations from the 1911 Marion County soll survey and location of natural arsas derived
wetlanads probably were not  from other historic souress.
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shrsor 1978), This is the only known
rference to this wethand. The only report
o a wet prairie in Marion Counry is found
in an early account of the geology of
] County (Brown 1383}, Old maps
Indianapolis area show the criginal
esition of Fall Creek and an extensive
- wetland complex located at the confluence
ol Fall Creek and Whire River {Marthew
- 1981), For this map layer, all locations
by primary @CCOUnDs are UM
' bered, with the number corresponding o a
reference that details the source of the
informaricn used in determining the loca-
tion of the site (Figure 2 and Table 3).

Contemporary

Vegetation Cover (1997)
The present distriburion of forest cover
and open ground in Marion County was
compiled using: 1) a 1997 Systeme Pour
[Observation de la Terre (SPOT) satellite
image; 2) Marion County oning data to
delineate urban and agricultural areas; and
3) the Mational Wetlands Inventory (U5,
Fish S Wildlife Service, NW1, 1990}

SPOT Imagery
We decided wo use mulri-spectral imagery
from the SPOT satellice in this study
because it offers the highest sparial resolu-
tion of any multi-speceral imagery cur-
rently available (in 1998) from a
space-bome platform, and the geographic
extent of an image is mose than sufficient
to cover the arca of Marion Courny. The
SPOT XS imape was collected on July 27,
1997, Preprocessing of the imagery was
conducted by SPOT Image Corporation ta
the "3a" level, which includes both radio-
metric and geometric comections. The
image was peo-referenced 1o the UTM
coondinate system, zone 16 north, using the
WADRT darum, and Clarke 1866 spheraid.
We used an unsupervised classifica-
rion technique to create a land wse/fland
cover map of the study region from the
SPOT image. Unsupervised classification
i  dara aggregation technique commonly
used in remote sensing to group pixels in
a digital image into homogeneous groups
known as spectral clusters (Jensen 1996,
Lillesand and Keifer 2000). The grouping

iz based on stmilarities in the way elecero-
magneric encrgy inreracts with the surface
fentures as captured by the sensor. This
interaction is a function of the type and
comndition of land cover present in the
area represented by each pixel. Mose sim-
ply, pixel grouping is hased on land cover
characteristics. The algorithm generied
50 spectral clusters, each of which was
assigmed to one of ten land wsefland cover
classes by comparing their location in the
original image to independent dita sources,
including aerial photographs and ropo-
graphic maps. Of interest here are two
classes: medium 1o dense woodland and
low-density woodland (Figure 3.

The coarse resolution of the savellite
imagery relative to the high spatial fre-
queney of land cover changes in urban ami

suburban enviromments can cause Maccu-
racies in satellite-based assessments of
urkan land cover, Given the sensor's spatial
resolution (20 m x 20 m in the casc of
SPOT XS data), unless the pixel falls on a
homogeneous area of land cover, the spec-
tral reflectance is a function of all land
cover rypes that oecur within the pizel. In
addition, ermors in land cover mapping can
result from similarities in spectral reflect-
ance properties of different land usefland
cowver types, For example, from che perspec-
tive of the satellite, older residential areas
with relatively mature and dense ree
canopies can exhibit similar ar identical
spectral reflectance characteristics as "true”
forests. Incorporating ancillary GIS dara
can help overcome such problems.

In our study, we used zoning dara
differentiate urban and agricultural areas,
and to delineate urban, suburban, eom-
mercial, industrial, and special use (park)

TﬁhlSm‘Tdﬂtﬁuﬂﬂnqﬂnﬁumhﬂﬂ?Sdlwufhhﬂmm

Soil Type ¥ of Acres Parcent Original Survey Notes

Miami clay loam 188,672 759 Uplands, original timber included: beech, oak,
maple, elm, ash, and walnut

Huntington loam 31,040 125 Alluvial soil [poory drained) original timber
included ash, elm and sycamore, with some hickary,
oak, and beech

Migmi loam 24,768 100 Upper terace soil betwaen the Huntington |oam
and the Miami clay loam

Miami black 2,880 1.1 Located in small basin-like depressians throughout

clay loam the u . These areas range in size from & to 160
acres. Prior to drainage thess were areas of swamp
and marsh.

Miami gravelly 576 0z Srall areas of gravelly well drained ridges and hills.

Ixarm Located in upland areas

Miami sandy 512 0z Small patches of well-drained areas

loam

Muck 256 0.1 Relic peat bogs, areas of swamp and marsh

Table 3. Matural areas in

Marion County identified from sources

pre-settlemant
other than the GLO Survey of Marion County (1820-1822).

Mumber Source Described Faature

1 Brown {1683] Wet prairie or marsh comples, “located on the farm af Fielding
Baeler, on the Vincannes railmad, twe miles from the city.”

286 Geib and Relic peat bogs, “one lies five miles due west of Southpart,

Schroeder (1911)  the ather the same distance to the norlhwest.”

3 Johnson (1978]  Round Pond, swamp located at what is now the intersection of
Michigan Fioad and 1-45.

4 Matthew (1981]  Marsh complex at the confiuence of Fall Creek and White Rover
from old maps of the campus area.

5 Roettger (1994)  Bacon's Swamp




aneas, amongst others, within
the county. This information
is maintained by the Depart-
ment of Metropolitan Devel-
opment, and was diginised by
Indianapolis  Mapping and
Crepgraphic Information Sys-
rems (IMAGIS),

National Wetlands

Inventory Maps

We also wsed & 1990 Marional
Wetlands Inventory (NWT) o
delineare remmining wetlanids
within Manon Counie 'We
modified the standard NW]
map tor Marion Cousty 1o show
only the natumlly cocorring
wethind arcss. We remcrved all
aneas described by the modifien
I, fior dikoed o inpounded, or x,
for excavated (Cowardin and
others 19791 {Figure 3)

Results and

Using clasification schemes
developed by Lindsey ancd his
colleagues (1963) and the
IDNR, Division of Mature Pre-
wrves | 15980, we identified
SR FTpor rlull'l'r iR iy
ypes  (beech-muaple  forest,

cak-hickory fores, wer-mesic
depressional forest, wer-mesic
flowontplain forest, swamp fosest
and marsh). Forest origimally
covered abour 98 percene of Marion
Counry. The rest of the area was either
open water o small paiches of prainie,
Mesic beech-maple upland forest covened
abuwit 76 percent of the county, with the
dominant tree species in this commamniry
being American beech and sugar maple
{Acer saccherm ), Other imporiant trees
in this mssocanion were bamswood (Tilka
americana), back walnoe (Juglans migea),
hackory (Carya spp.), red cak (Quaercis
rubra), white cak (. alha), and white ash

(Fraxinws gmenicana) (Petry and Jackson
1966). Small aness of oak-hickory forest
were located along drier ridpes and slopes,
particalarly in the northwestern and
northeastern parts of the counry ( Brothers
19924 ) (Figure 1)

Sumall areas of wer-mesic depressional
fomest were found throughiour the county
The deseribution of this community rype &
beest seems by Iosoking ar the arsss mapped as
Miami black clay loam during the 1911

sirll smarvey of Mareon County (Figare 2)

Eoovncacal, REsToRATION

Figure 3. Current sreas of mediem to dense forest cover based on classification of the SPOT image and locs-
tiom of MW wetland areas.

Floodplain forests were nost extensive
along the White River and its major erth:
utaries (Ueib and  Schroeder 1911,
Brothers 1994), The most commonly
noted trees were boselder | Acer nepmdo ),
green ash (F lenceolaw), hackberry
(Celtis orcidenenlis}, silver maple {A. sac-
crurrinum), and syeamore (Plaomes ool-
deriialin). Other impostanty trees were
cortonwood | Popdus delioides) and elm
(L maes spp. ). O the floodpliain terraces
and narmower loodplains, more mesic

21 = Mancw J002




increased in importance. These
included beech, black walnur, and red and
white cak (Brothers 1994).

The swamp forests held standing
arer longer than the floodplains and
occurred near the White River, on or near
the flocdplain, and scattered throughout
the uplands in depressions. The diseribu-
tion of these forests can still be inferred by
aoking at the soil associations in these
areas (Sturm and Gilberr 1978}, Domi-
‘pant trees in the swamp forests were
swamp white oak (0. bcolor), bur oak (£,
macrocarpal, bow elder, elm, green ash,
hackberry, and willow (Salix spp.). Orher
common species were sycamore and silver
maple (Brothers 1994},

We identified several potential wet-
land areas using the GLO survey of Marion
County (1820-1822). These arcas ranged
from seasonally flooded depressional areas
to marsh. In the surveyor's notes, 13 sec-
| tions are described simply as wet, and 29

sections are described as swamp of swampy.
Brown ( 1883) described the only area actu-
ally listed as marsh.

Use of GIS to Enhance Historic
Interpretation of Forest Cover

For several impormant genera, most
notahly hickory, some oaks and the elms,
the original surveyors did nor distinguish
between species. A comparison of the
GLO survey records with topography
{defined by IMAGIS 1979 spor elevarion
data and a digital coverage of FEMA
delineated floodplains) can, however, pro-
vide valuable insight into the environ-
ment where some species were found and
also into relative species abundance in the
predisturbance landscape. For example,
the GLO surveyors recorded 240 hickaries
in their survey of Marion County, Some
hickory species—bitternut (Carsa condi-
formis) andd shellbark (C. laceniosa)—are
normally found on floodplains and in
more mesic sites. OF these species, only
hitrernut is comman in the county, while
shellbark is uncommon o rare {Deam,
1932). Other species—shaghark (C.
oata), pignur (C. glabra), and mockernur
(O, tomentosa)—are known in central
Indiana o grow preferentially on south-
facing, drier hillslapes, Of these, mocker-

Table 4. Fraction of zoning districts

as medium to dense forest. Darived

by overlaying SPOT medium and dense forest spectral classes on Marion County
Department of Metropolitan Development zoning database (see text).

% of zoning district covered

% county covenad by medium o dense forest

Zoming district by zoning district cover as defined in this sudy
Suburban Resdential 54.82 mn
Urban Residential 976 19.34
Central Business District 0.30 0.00
Other Commerceal 8.14 7.47
Airport 1.39 0.29
Hespital Districts 048 7.4
Urban Industrial 315 414
Suburban Industrial &M N
Interstate 193 335
Special Use (Pulilic) 442 2035
Special Use [Commercial) 370 nor
Park Districts 4,84 3402

nu is rare in cenral Indiana (Deam 1932)
and shaghark rends o preferentially grow
on terrace slopes, Thus it is likely rhar
most of the 27 hickory trees located on the
alluvial Aoodplains (Figure 1) were bitter-
nuits, and by inference, most of the 203
hickaries listed in upland areas (Figure 1)
would have been pignurs, Although these
inferences are certainly generalizations,
they do allow us to make approximations
from the limited primary data, This can be
particularly valuable with regard 1o the
more mesic floodplain species.

Onie of the mare valuable products of
this work was a large-scale map on which
all the different historic sources are coms-
piled. Unformunately, the derail of this
map is not reproducible at a scale we
could inelude in this paper.

Contemporary Forest Cover
Classificatlon of the 1997 SPOT imagery
shows medium to dense forest canopy
across about 13 percent of the County
{Figure 3). More than five percent of this
forested area is preserved In owo relatively
contiguous tracis—Eagle Creek County
Park and Fort Harrison State Park {Figure
4). The forest cover not associated with
those two parks 18 found primarily along
White River and its tributaries and in
alder residential areas. Forest cover is
almeest absent from the southem parts of
the county, with rthe exception of the
Whire River valley (Figure 3).

VRN = b amais WWYE

We were able to gain greater insight
into the distribution of the remaining for-
est cover within the city and its relation
with land use by overlaying the Marion
County zoning map on the map of current
forest cover (Table 4). The impartance of
parks in preserving areas of high forest
cover is clearly evident, as is the role of
older historic residenrial arcas to the north
of the city. Areas of medivm to dense mree
cover in suburban residential zones aver-
age 32 percent. This value falls ro less than
20 percent in urban residential neighbor-
hoods, and there is effectively no continu-
ous tree cover downtown (Table 4).

T gain grearer insight inco the quality
of the present day forest cover, we used the
SPOT data and caleulated the normalized
difference vegetation index (NDVT) wing
an algorithm thar takes advantage of the
unique spectral reflectance properties of
vegeration to differentiate it from other
land cover rypes. Figure 4 shows NDWI
across the area of interest. The original val-
ues range between +1 (high) and -1 {low).
In Figure 4, these vales were stretched
using standard procedures to an unassigned
B-bir scale (0-253). From the image,
greater biomass is evident in the parks and
the older residential neighborhoods on the
north side of the city. It should be noed
thar while NDV1 s widely accepted as a
measure of plant biomass and vigor, a num-
ber of factors not telated ro veperarion are
known ro influence NDWT valoes (incident
solar radiation, radiometric  response
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charscteristics of the sersor, and aff-nadir

viewing), In addition. relationships
hetween NI values wnad vegetation bio-
phisical characrenstics may only be valid
within a particular vegetation cover rype;
th i, similar NDWT values may be ob-
served within fosest and herhacoous vege-
i over Types.

Observations and
Conclusions

Oine of the primary goals of thes work was
1o peovide the Indianapolis Parks Depar-
ternt weith o ineats to ddentify aseas in the
couney with the potential fur restoration.
From the outset it was recognized rhar
\ few, of any, areas in Marion County had
excaped modification, ban park stewards
und researchers hoped thar this work
woikd help ideneify the locutsons of some
frapments of the narural landscape.

Parkes and ciry stadf have wsed the find-
g i planning processes rebated to [and
mansgement and scquisition and o edu-
cate the public shor land we change and
| mq'uwu’.th.d‘l"l&fl’! wses of the
| modemn forest cover map was to help iden-

vify bigh quality wossdlins theoughous the
commty. To sccomplish this, Indianapolis
Tarks Deparmment and the Center for Earch
and Emvironmental Science at TUPLT
oveilaad the curront fofest Coverame map on
1941 aeral photography oo idennify poten-
tial areas of high quality woodbons, Wood-
kots ademrified in 1941 that will appear &=
fowest i 1997 are e beirg hekdchecked
o devermine thetr overall qualiey. As high
qualliy sites are idenitifiod, they are mnked
and placed om a potenial acquisitions Jr.
This list is incorporated by reference in
anthier kcal plasning discurments.

Inchianapolis Parks stafl and volun-
teers now are hield-checking the areas of
muck soils mapped i 1907 10 evaluate
whaether they might be potential sites for
restoration, To mest with thes process, a
i ws creited that shows the surveyors’
namative comments from the GLOY sur-
vy, areas of muck soil s mapped in 1907,
aned currerit magor noods,

Thee cary of Inahianapolis hos also used
the modern forest cover map o help fos-
ter an imterest i urban forestry in the city.
Staff in the Office of Enwvironmental

Services have created a Web site to help
eilucate the general public about the
value of wrban forests. The Web sire
allows ressdents 1o view forest cover in
cither their township or their watershid
{1y of Indianapedis 20015

From a methodobogical perspective.
onrr results can be replicaned relavively eas-
ily elsewhere for comparatively low cost.
Lise of historic soils dem to infer vegeta-
tive psociations hus a number of lanita-
tions, but i a4 pragmaric approach o
framing debates and decisions abour
restoranion. Similarly, mapping witness
trees i a practical, cost-effective way to
corroborate informed judgments about
the original species ditribution, Use of
satellite imagery i not expensive, is
hecoming cheaper, and provides a ser of
base meaps anad dats thae con be used ina
nusmber of different applicarioms, Gl pro-
viddes am efficient means o integrate spa-
tial data and to drw inferences from
inforemation from dispamte soroes.
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