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EVALUAT~NG SUSTAINABILITY: A METHOD FOR ASSESSING 

VEGETATION CI1ANGE IN SOUTHERN MISSOURI, 
U.S.A.: 1820-2003 

W. Keith ~ o i e r ,  Mark 13. llansen', Mark A.   at field' and Timothy A. ~ i ~ h *  

"I/ 13 4 1 r r r c c t  5i.r 1 t c  i rilorfhcrn Ri~icurc h Stutlon, Por.ect Jnventow and Anuly.su Program, U,$A 

The General 1 ,and Okfaca: of thc XJnlted States of Amerrca surveyed the state of Misscrull dur~ng 
"Ic first hall' of the I MOlBi, ~ 4 r c y ~ ~ e n t t y  relymy; on wxtxlcss trees to mark corners of surveyed units, 
surveyors alio record(:rt other trcci satuated on or near the survey ilir~es. Using plot-level data 
from ~nventorics cond~acted by the G. S. Forest Senice, NorZhem Research Station, Forest 
Inventory and Analysis pnogram l-so~aa 1999 - 22003, we examined the difference in forest cover 
type, stand structuic, ;ind coinpos~tion between the lgth centuly inventory and the latest data. 
Foclaslng on that part of tlac Survey s~tuated near the C:urren"rRiver in south-central Missou~,  we 
estrma-ted hrstornc fbrest specres ~omposstion and structure and compared them to prescfit-day 
estimates. A ""cc~nvers~on suztabillty rndex," a aeategorrlcal table that estimated the level of effort 
required to nlaintaen a forest type or convcd it to some other type was deveXa~ped. En this skudy, 
we appiled this conver\ion inatrlx to the 19 '~  centuiy and 21" century forest types and estimated 
the level of ef-tix-1 -1t would require to restore a Izndscape to a pre-Euxropem settlennea forested 
cond~tion. 

E~ologrsts and rescburce professronizls t y ing  to establish criteria fbr sustainability have looked to 



Bellnlanm alad Wrexlner also aioted that the lorn ovakrstitsy dejxsslty pror-alotcti vrgorouh undcrstow 
vcgctation, pa~rciliar~y grab" lud dcscribcd ihc ~ippc~ir;riicu ol ~ i l i i y  O/;rrh iirrcst~~ as more like 
"extenslz/e ~neadows rather tilan rxacda: and gloomy Boxests '* Willie othcn-s, ~ncleacbing Schroeder 
( 1961 4) Njgll and !"Hardy ( 198'3) gcncraiiy zi~ppcrflcci ilc,!~n;if,n ; u ~ i  t3rcnner's posltlcnn, 
Stcycrinark (195')). on tlic otiicr hand, argued that thc lil\tijric foi-cil l l ind9cdp~ XIS just as denbe 
as that of Ihc 1050s 
Coanpnnng hlxtnr~c: data to niori: t.cccnt studres, Boll (LOil4i  itsu~aid ;i cirarriatir: Increase 1x1 dcnsaty 
an thc Arkansas Ofark5 over tlr-alc Whllc most rc\car-cl-acra ,arg,rtlc tll;rr tkac lev, hl\tor~c densjlty 
and species composltion wwc due to the fires cr~den;irc the acglcyn (i3ateL cJ; a/. 199% Guyettc 
~ : . t  a/., 21302), others also biaxncd poor solfa f i j r  the yarss: trcc cover Schoolcraft ( 182 1 ji spoke of 
C)r.ark soils that ""yield but kw ibrcst trees, ;uad they :;rc riot o i  vrgoroi-li gnswtia, " Anecdotal 
reports such as these are usei~ii, but not definstlvc enough In gelsdc toddy9\ deasa\ior~ makers 7.0 
make an effcctlvs: cornparlsorl between ""tlnen alarad ""ton ." I C " ~ O L I I C C  arr;an;lgeii-s r~ecd ;a reasoxlably 
accurate quaaxk~tat~ve portrayal of'hiatonc:aj ~aaturai relcsaircca 

STUDY REGION 

Tire s t~ i l l y  region 1s cex~tered on the Cuncnt River Hxlrs aub\ectaon nil thc $ar?utkieast Massa~uri 
Ozarkts (Nigh and Schroeder, 20029. T h ~ s  ecoregaoia ss !aiglidy variable irosrz both topographic 
and geological stanclpo~uats. T"n wmterrl portaoal of thc r-egltsn ~racludc\ sectio9ns of' relatively 
smooth uplands, grading to prsgresslvely more rugged and dissected ter ralrn as one xnoues east 
;tnd "coward the major rivers, where the el'evateonal chaalgc rs frequently 100-258 meters and 
slopes range &om LO to 40 percex~t. 

A s  a result of the colonrsts' victory 1x1 the Amcr~can Revolutronary War- ( 1775-1 7831, the Un~ ted  
States gained large areas sf land west of the orlgrx~af Thr;rect.n Colc)~~ics. Xn order to spur 
developmcnt, the government adopted the Publrc Land Survcy Q13LS) syslcra-a, a rectaslgu1;lr 
survey system that typicaliy divides the land nnto 9,324 lmectarc sc'jel;irc towrnshaps, wklach are 
fudher serbd~vided Into 259 hectare sections (National Atlas, 26306) 'I'hc Publlc Idaxad S~irvey 
was cor~ducted In the State of  MIXSOLI~I, C.S.A. (fig. 1)  bet\vieeli 181 5 arid 1855  MISSO OUT^ 
Department of Natural Resources, 20063. 
In delineaing these survey transects, the surveyors record~d the S ~ C C I G S ,  dliiuleter, d~rection and 
distance from each sectlon corner and q~lafier-scctton corner to two or fbur bearlng trees, which 
were measured and identified by species. Where possible, h e y  recorded addatronal line trees 
and qualitative descriptions of the topography, soil, forest, and undergrowtl~. 
Although there were probably blases in thc selection of bearrng trees and sox~~ctuncs crrors in 
measurements (Bourdo, 19556, Nelson, 1997, Bragg, 20031, these rurveys are rlonethelcss the 
most descriptive quantitative data set on vegetation in the early '19th century (Schulte and 
Mladenoff; 200 X, Bragg, 2004, Foti, 2004). 

'TeiiE FOREST INVENTORY AND ANAL,YSIS PROGRAM C)F TEIb U.S. FOREST SERVICE 

We used data from the national Forest Inventory and Analysis (FIA) Program of the USDA 
Forest Service. The national FIA progrm consists of bur regional programs that pmvide 
er;timatees of forest area, vdurne, change and forest health throughout the United States 
(McRoberts, 1999). The program's sampling design has a base intensity of one plot pet 
approximately 2,400 hectares and is assumed to produce a random, equal-probability sample. 
We used data from the 1999-2003 inventory of the Statc of Missouri, U.S.A. to depict current 
forest conditions. Our task was to reduee the two datasets -- historic (PLS) and cunent (FIB) - 
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to a common data stmcbre, so we might compare relative dis&ibutions m d  e s t ime  potential 
for restoration of the histor;ic vegetation structure and function. 

FOREST TYPE MATRIX 

During 2002-2003, the state agency charged with managing public land in Missouri considered 
updating the silviculhtral technical specifications of its forest management guide- A team of 
natural resource professionals from MDC and the University of Miss0ut.i was assembled to 
provide advice. One product of this process was a* table of current and potential forest type 
groups with the suitability (and, by implication, the ease) of conversion from one type to 
another based on site index. This table, (Table 1, Nigh et al., 2006), which has been updated 
since 2003 to include pine forest types, is the basis for comparing the PLS data to the FIA data. 
The first step in our analysis was to create current and historic forest type and structure maps, 
using the forest types listed in the Table 1 .  
Each of these forest types consists of a species grouping and a structure (e,g., mixed oak 
savanna.) To do this, we had to classify each section corner in the study area into one of the 
possible forest types. Similarly, we needed to classify each FEA plot into one of the forest types. 
Once classified, an interpolation method could be used to predict the distribution of forest types 
across the landscape, 

CLASSIFYING PLS DATA 
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wlthtn each structure category Thrs assusr-nptlc~xl may not be stnctfy met, bu t t i l e  method 
provides an automated and qtrantitatrve means to asslgn a skrlgctklr~ call to it corner 

lal>ie 1 Upland ;1.oreitlVYa1odtdrId Types In Nbli\uuri dnd M,a~-r,~gcrnen'r 0ptlr)ili hur~lheri , a \ i i ~ c  .i,rtcil isrlii cnch stee 
q~dllty clais ~ndlcarc degree of iurtabll!ty dn~ i  effort fnm 1 illgkil?, iixrtcibic dnaf i o i s  citoi-t t o  4 10% ~ ~ i i l ~ ~ b l j l l y  dnd 
rrldxlxnum cflox.t An ""X" indi~crtc\ a very i ln l~hcj j  ot,currcnLc ) ( % l g l l ,  1 ~arsoni KCibx ILL Ml/ii>\i"~. 300 3 ,  t i~~p~ki j%l i \he~ l  

docunlc~zi, modrtied ,ind exp;ialdcii i ~ v  Mo&,cn <inti AdigI~, 201101 

Miucd i,nh \ri)odIdiiii ' I I X 
Mixcd oak forci! i, I X 

q i x c d  oak I'~)st ilrik uoodi,~nil 
noudlaiid 

M~xci l  oak wovdiaiid 
P~nt:.o,ik ~.oodI,und 
'vlixed oak fore,l 
Pmc-vok lorc\l 
Vllujlc odk foicil 
PIIIC uix)tt!nnd 
Piris io:e,t 

t'irnc.odh Mixeo oak wooiYliini! 
wondiand 

I'inc-oak ~i>odIdnd 
Pir!c-i)>ik tor<\! 
White oak torci! 
Pint: woudiand 
Pinc lorcst 

?/i!xvd oak fi)ies? Post oak woodiani! 
Mixed udk woodiand 
I'lnc-oak woodiant! 
Pine-ciak foreu 
Mixed oak toreit 
White oak i ~ s c i t  
Plot woodi;m~! 
Pixic foieit 

f'i~iz-(yak iorest M i e i i  oak woi>dlaiic! 
Pine-oak wo<)illand 
Pine-oak torcst 
Mixed oak loizsl 
White oak torest 
Pine woo(ilan~l 
Priie iore5t 

In classifying the Fi[A data, we intended to use rnethods similar to the PLS data methods. We  
classified the FZA data into forest-type categorxes based on the basal area of the donzlnant 
species. We used basal area instead of the number of trees because most plots had many more 
than 4 trees on them, Ci~ven that the maximum distance a tree can be from the plcst center rs 7.3 
meters, which mxght be .fBr less than thc between-tree d~stancc ir-n savanna ox. woodland systemls, 
we decided to use basal area, average diameter, and n~imber of trees to asslgxi stnncture to each 
plot, If a plot kad less than 7.5 square meters per hectare and nt had an average diameter of at 
least 25 crn ancl fewer than 9 trees, it was classifled as ""savax~a." Otherwuse, at was class~fi'ied as 
"woodlmd." Plots with more than 7.5 square meters per hectare and less than 15 square metcrs 
per hectare were called "woodfand." Plots with more than 15 square meters per hectare werc 
called "forest." Plots currently character~zed as non-fbrest land (c.g,, agracasltural land, bodlcs of 
water) kept that classifirntion. 

We used a simple moving window (Point Statisttcs, ArcTa~oXs 9.0, Copyrighe O 1999-2004 
ESRI Inc,) to spatial irutevoiate "stween our different data po~nts. 'l'hrs method seemed 
appropriate because it doles not rely on relationships between kbsclved' hlst~rir: h r e ~ t  types 
and cureat covariate ckcita. 1.1- also provides a coarse-scaiie ~ S V ~ W ~ G W  of the data, which was 
recommended frequently in the I~terature (e.g., Schulte and Mladenoff, 200 1). To look at the 
data at an appropriately coarse scale, we chosc a 1000 meter pxe1 and used a window of 5*5 



plxelil fc~r the 1" 1 cia;salm ;and 10;;" 10 puxels for the FXA diata. The larger window fox the FXA data 
was neces\ary becdule c a t  the lower salrlpllrng Interlsxty compared to Pl,S sectron comers, whmch 
occur every 1 13 hiloa~~eters. 'Iht: rylovrmg window works by cerater~ng on a target prxell and then 
lookxi~g ;all the point\ WI~~IXI a G B T ~ ~ ~ I I I  distance (window) of the target pixel. It assigns the 
value of the rr-aqasrrty 01 points In the window to the target pixel and mBoves to the next pixel. 
'Thrs procc\i f i i i \  u\cd $19 crcate 5 amps; a hrsronc species group map, a historic structure map, a 
currct~t yxcleqgroup map, a ctarrcnt slr~aclure map, and a current slte rrldex map. The site index 
val~ic wax qcicrza:d frcsam the FIA data base and classified into 4 categones to match the forest 
coa~ve r \ i o~~  tabla: i"l lablo 19.  

"The nnovjrrg wlndou tl~klps !fiere combnncd an ArcMarji (43 1999-20134 ESRI Inc,) andjo~ned with 
the forchi C O i i i  C T \ ; ~ ~ C > I I  li~ble Thc forest conversion table gwes suitability categones, urhil~ln 
aisdlcate hov+ dlili8cn~iii it would be to ccanverfi acunenl: Eorest type to ansther one based upcjn. 
spccnes cornpo\~troai, 3'6ructkire, and site qeiality. 
The n-r-aovang wisarloglis xnethcsd generated certain comb~natlons of cunent and hzstiori~ firrest types 
that WCKC not  ~ C G I ~ I I I R L I I - * ~  f o r  1x1 the table. These were classified as 'No Infomation' on the map. 
143. 11s currcnt L cr\xl,xi, ttnc f.orei;a convcr~ion table does not account for savanna; therefore any 
data pa" r t t h  at ioa\t oral: classlh1catlon of "savanna" was classified as W N ~  Information,' Ilf the 
current plot was c11;tracteri~cd as ""norl-forest", we classified it as No1.l-Forest Land and did not 
asslgn a coaahersloal effi,rt levcl 2s i t .  The remaining combinations were classified into the 
fo'ollowlng catcgorlos. I,OW E:ffor&, Metiium Effort, Sligh Effolll, Maximum EFfost, and Not 
Possible The last a;iatcgr,ry rs different from InFonnatlom' in that it is acco~anted for in the 
forest ca,nver\lorz table, beit the partlcular conversron was deemed not econom~calijy feasible 
(and, by ~rnplicatlrjn. rlcsi suitable) 

Flgurc 2 Map of c,ktcgones of conversaon suxtabirrty and el'Cuilt. Surrabfllty ic, inversely related to effort, e.g., hlgh 
?~zre,abil lty for converting from one forest type to araofler 1s assumed to equal Pow effort requjred to do so., The ""Not 



RESULTS 
The output from our ~llass~fi~atlorl scheme pruducctl SIX maps tlic \pcclcs map:, based on the 
pdiltc land survey data and the FIA data, structure arrap. b;i\eal. oil each ho~rm-ce a~i'data, and the 
sire ~ndex map - all mentioned earllcr -- and a converslo~j, g,c.iti:l;tinl tnap ( f i g  2) that corntllrlcs 
the first 5 maps and estimates the effort reqwred "eo restore the 14120's 1;~ndscapc 

Table 2 Surnlxrlary of catcgorre\ of Lomveiiliar-r \tir~,ibrl~ig rn he~t<u~i:\ 

Suiltabiiitv %.. - Hectare! -Pzrcefijags (s f  %catan 
Cow Effort 164,500 l49,/0 
Mcdlurn F,ffort 203,600 1790 
Ilrgh Effort 1 34,600 I !YO 
Maxrmum Effort 10,000 1 (YO 
Non-Forest 246,401) 2 1 
Not Posslbilc 135,200 I 1 %  
No  In formalaon 3042-3()0 -- 2  YO -- 

Grand Toad l,198,6;00 
P P a w -  

Table 3 presents a matrix of past and current forest typcs and thc nunak,cr o f  hectares for eacl-1 
cornbtraation. Over 45 percent $543,700 hectares) of  the current fkxcst 1s classified as rrllxeli oak 
forest or mixed oak woodland. The estimated hrstorlc extent fix these two typcs and mixed oak 
savanna was 387,400 hectares (32.3 percent). Thc prnc types (psnc forcxt ;lnd woodland and 
pine-oak forest and woodland) make up about 7 percent of' tlac total current (HA) ,area, 
cornpared to over 32 percent using thc classlGed hlsioncal ( f 3 i J S )  data. We Il~tec'i thc number of 
hectares that are considered unsuitable and the nabxl~blcr o f  k~cctares ibr  whack1 we have no data, 
generally a result of not definlng pars~cular comblnat~ons o f  present-past bijrcst types Che f  
among these was savanna, Jilr which we laad no definltlora I r s  our conversaon rnatr~x As savanna 
was expected to represent a not inconsiderable portion of thc h~stor~c landsc;;apel this csrnlsslioal 
rcseilted in a substantial segment of the landscape bemg "unclassafiahle" (""to ~~.sii>rm;at~on" In 
our table), Nonetheless, our results do not appear to be seriously otrt of' !ins: with other analyses 
that used a more disturbance (fire)-based protocol (e.g., Ciuyctte el al., i c)qCb-3) 
Space docs not permit a complete army o f  conversion suitability combnnat~ons, but wc can [oak 
at two exalmuplcss: Convesking tan (or from) pine forest and to (or from) rnlxed oak fc~rest (Tablc 
4). Using our methodology, we estimated that there are about 4,600 hectares of pnne forest t~rpe 
today. To restore today's pine forest to the historic forest type on those parcels (which may or 
may not have been pines), 4 percent would require low effod to convert, 65 percent of the area 
would require r?. medium effort, and 9 percent a high effod, To cc)nvert & the hlstorlc pme 
forest (268 thousand hectazces), 29 percent wotsld require a low effort, 45 percent a medl~um 
effofi, 16 percent m high r;ff:i;le and Icss than 1 gercerlt would require a nnaxr antrn~ e%'fnrt. There 
is six percent that is currently non-forest and 4 percent where we do not have ~o~aziersion effort 
defined for pa~icufar combinations of cunent forest type and h l s to r~  plnc hrest type. The 
same analysis can be applied .to the mixed oak forest data. 

, we compared current data with data 
a eonversrorl surtability map. Our 
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the stlady n~ct~~oriolr~gy wd\ riot unreasonable 'Tile tl-afferencc between our study's estinaate of 
current pivie Bore\-k type\ ~1x1~6 piast plnc torest types is blghcr than the ratio between the estimated 
hlstonc raragc 0 B 2.4 rnalllorr 1aci:tares arid the current 2411 thousand hectares (Starnbaugh and 
Mufrka, 2130 1 ), htat thc reiider shc.salld rernexmber that our study area 1s rn the heart of the Oxark 
shortleaf pine range ,and vvc itre ~rlcl~rdnrlg prne-oak mixtures, wll~lch ts defined differently 
dcpeaiding lapox1 whom y o u  ask liapcssa this suttabilaty map result either froan PLS-FIA 
comblnataoni that sic ~io t  dcerancd f~iisibie at this time or to combinations that were not 
consdlered in the Nrgh ct ul (2006) table 
The dctal! nf'thls mais finla\ also Ilrnlted by the ~Bassnficatlcsn methodologies vhie used; based on 
Lindrngs by other resc,.kaxchers iSchultc and Ml;idenoff, 2001) we concluded that our  scale was 
appropriate I hcrc i\ great po tcn~~a j  to use this nnHhodology to evaluate susta~nab~lity 
wsrldw~dc Whx4c allher rc\t.ktrcher\ have compared past landscapes to those of the present, this 
study prowdcs an explscxt trilnsltlon rrlatrrx and the methodoisgy to "Eransfom disparate data 
sources into cornmon XBcd cor-slparabie strtzctures. 
The l~mttatxons o f  the mctlaoda>lcpgy Iie wvth the spabla exknt of the specres groups and the 
reduction of a fairly complex vegetatrora pattern Inlo a llrxllted number of classes. The 
landscape-1cva.l data presented by stladles such as ours are nntended to examine averall patterns 
sf snnstalnz~brllty and nray not hc directly co~znccted to the on-the-ground, site-specific decisions 
made. by resuurcc milrnlsgers 
Accordxngly, rcst~~arcc iaaarlagers should use this metknodology only as a guide .for their 
landscape-lcvcl reso~xrcc-aiRocat~~)~~ dccaslons Nested In these broad-scale categories will be 
~nd~vldaxal, stanil-level decisions that will be based on site conditions and "ce manager's 
indivldzaal kr~ijwledge arid cxpeflase 
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Table 4 Exampic\ of conver\ron \uit*zb~lrty poisrkll~irei to r  two fislrat typca, panc iorwr 
md n ~ ~ x e d  oak foreit, using h i i k o r ~ ~  j!'LS) daLi and Liarrent ( 1  IA) ciLaici 

- - P - - * , w P , -  

MXED OAK FOREST" 

--- -- " -- -- -- - - - - - - 
Suttability Cuneni forest type Histor~c forest type Current ioresl type kktoric forest iype 

Low Effort 4% 29'10 "1% 12% 

High EMoi-i 9% "a% "16% 15% 

Non-Forest 6% 31 % 

Not Possible 22% - 20% - 28% 
---pp-------------p-m-m--- -- - - --- - - - - *  -- - 

Area un hectares 4,600 268,300 223,400 294,900 

Patterns andprscc~~~se.5 In forest landscapes. Cbnsequenccr,~ oJ hziln8an management 
N, Lajbrtezza and C Sicnwl (ed',~.)261(15 8 AISF - Pivenzc! 




