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Abstract: A geographic infontnation system (GHS) was us& to prgsjxt eight forest cornunity 
types &om a 1,190-acre (482-ha) intensively sampled m a  to aea. unsmpld  19,887-acm 
(8,054-ha) adjacent area with similar environments on the Western Sghlmand R m  of 
Tennessee, Both physiogaphic and. vegetative pmmeeers were used to &stinguish, 
exwdpolate, and map communities. Accuracy of the GIs-generated comuniey map was 
tested by sampling cornunity types from 21 1 plots and assessing whe&er the prdc ted  
cornunities actually occurred. EDPobability statements were fomulatd to assess map 
accuracy within a specified confidence level for each community type. The exsapolaw 
composite cornunity map was 85 percent correct at the 90 percent confidence level. Maps 
of six cornunity types - American beech, northern red oak, black oak-hickorgr, 
yellow-poplar, post oak, 'and scarlet oak - were also 85 percent comct at the 96) percent 
conEidence level. The map was accurate iess often, 70 percent and 80 percent comet a";e 
90 percent confidence level, for American sycmore-svvmtgum and chestnut oak cornunities 
respectively. These results indicate that when forest comnaunifies across a hndscibpe are 
similar in species composition, structure, and physiography, sampling and inventofies ~f these 
cornunities can be reduced or elinninated. 

The use of Geographic hfomation Systems QGHS) by natwal Esawce orgmexhiza~ons has 
expanded greatly beyond just map making capabilities in the fast 5 years. Lipscomb and 
Williams (1989) described some of the more specific uses of a GIS for forest nnmagemnt 
activities such as fire weather danger simulations and bgging brmspomtion costs. The 
Tennessee Wilaife Resowes Agency (WM) is using its system as a tool to model wildliife 
habitat parameters for impmveei management of wildlife species (Davis 1982). The objwtive 
of this papr  was to deterrtBine if GES technology could be used to m&e]i and ipne&ce with an 
acceptable degree of confidence, forest a t ~ b u t e s  or c o m m ~ t y  types across the larndscap, 
Can a vegetadiond md physiogaphic database o b ~ i n d  from intensively smpleci2 pdonas of: 
the landscape be used to accurately describe forest c o m u n i ~ e s  with similar biotic a d  
physiopphic environments? Such a process would cornsene sanbstmtiifl smpiing and 
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inventov costs while generating forest commarani@ sBae8bases for wildife habirdt nw.,anr;agemens 
much more quickly thm could be obtain& thmugh 100 percent inve~~ro~-ies. 

The study was conducted on the 19,887-acse (8,054-ha) Cheatham Wilaife Mdnagement Area 
(CWMA), situated in the Western HigRfmd Rim physisgaphic ~ g i o n  of Tennessee 
(Pennemm 19381, and nmaged by the 'WRA. The 4: is Ewakd appmximately 25 
nailes (40 km) west of Nashville, T N  (3m12'N, 8705'W). Bmun (1958) describd the 
vegetation of the Western mghlmuld Rim as pan of the Western Mesophy~c F o ~ s t ,  a 
emsition m a  between tihe i%hIixed Mesophytic Forest Region of the m o u n ~ n s  to Csc ease md 
he O&-Hickory Region to the west. The CWl\ritCa consists of n m w  to broad ridges, steep 
&ssected side slopes, rend V-shaped upland suetun vdbys. Elevadons m g e  from 480 ft (146 
m) in the valleys to $20 ft (250 rn) on the ridges. Site index for uplmd oaks ranges from 55 
ft (17 m) at 50 yews on the exposed dry wuth slopes to 85 ft (26 an) on the well-&aind 
footslopes md  cooler moist north slopes (Schnur 8937). 

According to Smalley's (li"B86)) hiemchical dassificaticpn of forest sites, the W M A  is within 
the Highlmd Rim and Pennpjlal physiogtaphic grovince, Western Highland Rim region, 
aghland Rim plateau subregion, and two landtype asseciations: smngly dissected plateau 
and snoderately dissected plateau. Six landtypes from the two fandtype associarions are 
pesent on the CWMA: nmow ridges and convex upper slopes; broad ridges - north aspect; 
broad ridges - south aspect; cherty north slopes; cherty south sbpes; aaad fmtslopes, temces, 
smambottoms, and upland delpressio~~s with gacbca d r ~ n a g e  (Smlley 1980). Agronomicat, 
~Iirnaatcslogical, and geolugkal cbaracte~stics of the region are &sh-siW by Smalley (1980). 
b v d e n t  me species on the study area include white oak (Querca~ alba k.), nonherha, hed oak 
(Q. rihra L.), black oak (Q. velkero'm .), scarXet oak (Q. coccinea Muenchh.), post o& (Q. 
stellafa Wangenh.), chestnut oak (Q. f~rinlu' L.), hicko~es (Caw spp.), yeUow- popla 
(LiP-iokndron tulipqera L.), American k e c h  ( F ~ g u s  gradqolia EEhrh,), swetgum 
(Liquidhzmbar styracifilea L.), white ash (Frainl~s  mericana L.), Ame~can sycmore 
(Platanus nccidenralis k.), d o g w d  (Coraw fir& E.), blackgum (Nyssa sylvcatica Maash.), 
s o w &  (&)xq'dendrm arborem k.), and sassahas (Smsaftats ~gibidm (Mutt.) Nees). 

In a previous study, eight sta~stically discrete comnzuazitgr types (yellow-poplar, northern red 
oak, post oakbk, Arneficm beech, chestnut oak, scarlet oak, black oak-hickov, md 
sycmoree-sweetgum) were deGned m d  mapped on m intensively sanzpld 1,IW-aae (482-ha) 



cornpartmen: within &e CWhIA? The csmmuniey classifica~on was expmdcd to cover the 
enwe 19,887-acre (8,054-ha) C A. $he prmess of projecting these ccsnrmunity types to 
unsmpled m a s  will be ~ f e r r e d  to as ex~apolation in this paper. The v d a ~ o a  md 
Imdscape heterogeneity associated with the community cla~s~catiarn syskm were recognized 
md accepted as la source of the vw:a~on e n c o u n e ~ d  d u ~ n g  the exmpolation prwess, 

GIS Extrapolation 

'Fhe exuapolation p r w d w e  involves two steps. C%re f i t  de sc~be  or define each comunity 
accordling to pp%rsiogaphic feate~res, i.e., lmdtype, topographk slope, asp=% and then 
integrated these features to produce maps of forest cornunity types. The second step 
involves euduating the accmacy of the comuniry map. Thus, the exwdpolaem p r w d w e  is 
mot only a test of differentiating and definhg cornunities by physiogaplaic parmeters, bur 
also a rest of projecting those pamBeters or comunity entities on the lmdscap. 

The projection of the community classification system on the Bmdscap was accomplish& 
with a Geogaphic InP'tmation System (GIS) that assembles, stores, ~tr ieves,  md 
manipulates data in f m a t s  to allow infomation to be map@ and spatidly mdymd. The 
&;IS uses djfferent covemges, ie., Iayess, sf  infomtion such as towgaphy, vegetation, soil, 
hydrology, etc. in a point, line, or polygon form that are r e f e ~ n c d  to a cmr.ibinate system. 
&ads, easement fight-of-ways, waterways, and s g ~ i f i c  units of the landscap such as fieids 
olr ponds can be digitized and geographicdly referencd. These caverages are superimposd 
on each other to yield a geographically connected iaafomtion system which can be used in 
planning and decision-making analyses. 

The GIS database for the CWMA was complied d ~ n g  previous W R A  invento~es. Earth 
Resource Data Andysis System (EWICbAS) softwxe @WE>AS, hc .  8987) was used to orgmize 
data geogaphically. Grid cell size was 0.67 acre (0.27 ha), and each cell coneairred 
infomation on landtype, topographic slope, and aspect of Imations wi&in CWMA. 
Cornunities were defined according to these geographic parmeters; ERDAS was used to 
integrate and mthnipulate these coverages to produce maps of cowmuni~ types. The GIS 
ouwut was a gray map of dght computer symbols, wi& each symbol represeneng one @id 
cell and its comsgon&ng comunity type. 

2Glaeaerbuck, W.K. 1988. Classification and mnsrdysis of forest plmr krornmuniiGes on Cheahm 
Wildlife Managensent Area in north-@en&& Tennessee. UnpubEshd USDA Forest Semice 
hiepoa, RWU-4102, Study No. 1-45. Sou~faern Forest Expmimwt Saiioea, New B%Bems, LA, 



Map Aec~racy 

Acc~racy testing hvolved scleeting samp%e pa~l~ats froon each community type an the azp, 
"gr~und-~mehis?g" those points, md assessing whether the pre&cted communi~ies actuaX1y 
wcusrcd. Deparzures were recorded a-rd evaluaad for hnm refinements in the exglapolation 
prmess as well as in the comn7unity classification system. A probabiliq4 statcrnent 
concerning the accur.cy of the pro-iected co~mtaniey types was fornuEa1.d md used to 
deternine the degree of accuracy within same level sf confidence (e.g., a commnbty type on 
the map is 85 percent accurate at the 95 percent confidence Bevel). The q u a ~ o n s  md 
reasoning used in these methdologies are in acca rhce  with those reg?on& by Ginevinrn 
(1979) and madified by Aroraoff (1982) who used hypstksis testing to detemaine consumer 
md producer risks. Consum's risk, i.e,, probability of accepting m inaccurate map is as 
follows: 

Tcr: use this equation, a minimum acceptable map accuracy (QL), a sample size (N), anand a 
consumer's risk (A) m selected. 'The maximum numks of dlowabie misclassificati~ns (X') 
is found such that the cumulative probability of having C' or fewer naiscllassificatiolns is less 
*aar. or equal to 19. 

Producer's risk (B) is the probability of incorrectly sejecting an ;acceptable map af some high 
accuracy (QH) by having more than &' misclassificatiogts. The equation for producer's risk 
is: 

I'he gri~t~ary cotisideration in eva%uathg exerapalation success is detehninag the number of 
smples to vdke and the maximuxn number of misclassified saraaples to allow to rpttain a 
prescribed map accwdcy. 

Approximateeely 30 samples per communitj? type were adequate to achieve ani accmacy of 85 
prcent with a 90 percent level of pxcision, Samples for each cmmunity type were selected 
at aarrdom from the map where the same community type ccbvered five contigaaous grids. 
Each sample represented at least 3 acres f 1.2 ha) of the predicted cormunigr type. Map 
accuracy and confiderace levels were altered when camuni ty  rnlsdassihcations were more 
frequent than desired or if 30 samplies for a cornunity type were not ~gresenr& on the map. 
A total of 21 1 sample plats was used for a sampling density d one plot per 94 acres (38 ha). 
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RESULTS AND DISCUSSION 

To predict community w c m n c e  on eZW,M, a rnaarix of aspect ma% percent slope that 
described the eight comunities was csnsmacted (Table I). Six of the camarraiby types we% 
adequately defined by aspect and percent slope: n o d e m  red oak, black o&-hickaq, 
yellow-poplar, scarlet oak, American beech, and p s t  o k ,  chestnut oak and 
sycamore-swmtgurn were not. However, both chestnut oak and sycmore-sweetgum 
cornunities were delineated by lmdt-e: chestnut oak on broad undulahg r3dges greater 
than 250 ft (76 rn) wide, and sycamore-sweetgurn in the s m m  valilieys. The two Pandwes 
depicting chestnut oak and sycmlore-sweetgum communi~es were suphanlposd onto taae 
coverage created by the aspect atmd percent slope matrix to generate a coqas i te  map for dl 
eight communities. The overlay of the landtype map effectively replaced comunities 
defined by the matrix (Table 1) in the 0 to 8 percent s l o p  range &at t t c m e d  an the broad 
ridge crests and in $@em1 valleys with chestnut oak and sycmore-swmtgtnm c o m u n i ~ e s  
respectively. Thus the only communities defined by the matrix at 0 to 8 percent stope were 
on nanrower ridge. crests less than 258 ft (76 rn) wide. me pexengage of land area within 
CWIW in each community type, as preacted by the aspect-slope percent m ~ x  
suprirnposd with landtype maps, is shown in Table 2. 

Tabfe I.--Community types by aspect and percent slope, as used in the extrapcr1ation mdysis." 

Aspect Percent s l o p  

0-23 24-35 >35 

Nonth Yellow-poplar Northern 1-4 oak Northern red oak 

Nofiheast Yellow-popla Northern red oak Noahem red oak 

East Black oak-hickory Black oak-hickory Americm beech 

Southeast Black oak-hickory Black oSPk-hick(ppy A m e ~ c m  k c h  

South Scarlet oak Scarlet oak Post oak 

Southwest Scarlet oak Scarlet oak Pasf. o& 

West Scarlet oak Scarlet oak Past o& 

Northwest Yelkow-poplag N o d e m  redl oak b e ~ c a n  Bewh 

"e map created by this matrix was avedayed with l m d t ~ e  maps to &fine the two 
cornunities (chestnut oak and sycmore-sweetgum) that could not be defined by aspect 
and/or percent slope. 



8th Central H a r d w d  Porest Conference 266 



Map Accuracy 

Six of the GHS genemted communities were -c:lithin map accktpacies of: 85 prcent: at the 90 
percent confidence level: ydlow-poplar, scarlet o&, post a&, n o ~ e m  red o&, black 
oalr-hickory, and Americm beech (Tabla: 2). glolmpxnuni~es that were ~ s c l a s s % &  usually 
a p p m d  as cornunities hat  occur adjrncent to the pr&cted csmunifies. The seacarlet w& 
md yellow-poplar conmunai~es o~lly con&ined 22 and 12 smpies, respecbively, as chswfiguous 
map grids for these cornunities we= scasce. Although 30 smples fix each community type 
were initidly sought, the scarlet oak and yellow-popla c o m u n i ~ e s  at the smaller smple 
size were within the prescribed map accuracies. 

The map was accurate less often for sycamars-sweetgum and chestnut o& comuni~es.  
Both these cornmuni~es were delFined by landtype ratker t%lan the upct-perm= slow m a ~ x  
in the exn-apolation. Cornunities were ofkn classified as AmeAcm b c h  and nofiem ml. 
oak rather than sycmore-sweetgum, and black oak-hickoq raeher pfim chesmut oak Ckspbfe 
3). The fandtype represenhg sycanlore-sweetgum cornunifies extewc9ed into amow, 
V-shaped, second-order streams on the GIS map, 1watiows where this cornunity does not 
occur. Generally, sycamore-swetll;um cornunities a p p a d  m o ~  often as s ~ e a m  wici%.fR 
increased and as valleys became more U- shaped. Adjusments in the &$a b ~ e  could be 
made so that the stream bt tom landtype would not extend into V-shapd, second-or&r 
smams. 

Chestnut oak cornunities were defmed on ridge crests greater than 250 ft (76 m) wide. 
Ridge crests in the compartment where the communi~y type classifica~on was developd 
rarely exceeded 400 ft (122 m) in widfh and occupied a very small portion of the 
compartment. Severd ridges on the C were wider thm 400 ft (322 m), but less sBsm 
1 , O  ft (305 m), and consdtuted a m Frcenage of the t o ~ d  land base within 

A ('Fable 2) than represent& in the smpked comp art. Seveml oak species (white 
5&, scarlet oak, black oak, post oak, and chestnut oak) were peserat on these fidges. 
Accordingly, many s f  these wider ~ d g e s  (24013 but <1,W ft on >I22 but ~4305 m) contained 
b l x k  oak-hickory comuniniaies mher than the p ~ & c t &  chestnut oak cornupsip. Alterations 
in the cornunity classification system will be rnecessamy to a c c o m h a e  ex~apdaciona of 
these different conaarmunieies on these wider ridges. 

Approximately 4.3 percent or 867 acres (350 ha) of the GIS generaad xnag cantarin& blocks 
of 20 or more conainuous grids &at were compsed of three or more comunities. Wi&in 
ahese blocks, no one cornunity was continuous or conmcted, Refinemeats in the database 
and mdeling prmedwes should dlow each unit of the landscztpe to be m p p d  sgwd 
interpreted more clearly. One refisnement currently being impkmratd by is chandng 
their GlIS mde1ing procedure firom a grid to a polygon f o m t  so that areas of v q i n g  d q e  
md size can be map@, 
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SUMMARY 

The use of the GIS was insmxa~entd in generating a lmdscape m&tB of forest ca 
types. The composite A community n?ap was 85 percent comet at the 90 percent 
confidence level. A11 but two community type projections were w i ~ i n  the prescfibed limits. 
The slightly lower map accuracies and confidence levels for the chestnut oak: and 
sycanaore-swmrguan communides would not al@r forest managemrat or habitat mdeling for 
these comunities. Akhough some variation is pmsent in both the community classificadon 
system and the exmpolation, the level of map zccnracy ;achieved was more than adquate to 
serve as a database in m&eIirag vegetafiora for wildife and forest management, 

Perhaps the greatest usefulness sf GliS genemted cornunity classification xndeling is the 
chmcterization and estimation of vegerationd propenies across the Imdscape. Great 
advances in forest managenlent and hdbifat planning can be made if a mament successfully 
applied to a cornunity at one Iwation can he expected to be successfuhn the same 
community type at another location. Currently, the coanmunity cclassifica~sn is k i n g  used to 
assess habitat potentid. Community classification is also playing a role in the planning and 
decision-making processes used to appraise the effect of forest management on waef%ife 
habitat. This study provi68es a broad qualitative extsapolatisn of c~mm~nit ies .  Pmher 
reseach should quanti& the variation and consistency of forest cornunities and commiu~nity 
properties or values across even broader hmdscapes of the Western Highland Rim. 

This study was sponsored under a cmperative apemen t  betwen the USDW Forest Service, 
Southern Forest Experianent Starion and the Tennessee 'Mritafe Resoazrces Agency. Field 
work was completed while the major auhor was Research Forester, Sewmee Sifvicufme 
Laboratory, m d n t ~ n e d  at Sewanee, T N  by the Sou&em Forest E x p ~ m e n t  Station, USDA 
Forest Service, in cmpera~on with the University of the South. 
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