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ABSTRACT 
I 

I 

Forest Inventory and Analysis units of the USDA Forest Service 
produce til8ber resource statistics every 8 to 10 years. Midcycle 
surveys are often perfor.ed to update Inventory esthetes. Thts, 
requires ti_Iy tdent1flcatlon of forest lands. There are several 
kinds of remotely sel'sed data that are sui table for this purpose. 
Medium scale color infrared _rial photography has the spatial 
resolution necessary to locate and Identify lorest land. undergoing 
transition. This study ex..ines the land cover and timber resource 
acreage classl Ctcation resul U produced by the photointerpretation or 
111. 1.000 acre plots In North Oilrol1na laaged on 1: 12.000 scale 
color inrrared _rial photography acquired In November or 1985. The 
results are compared with ti.her resource sta~istic. produced by the 
Southeastern Forest Inventory and Analysis unit In 1983. There is a 
high degree or agreement between the two data sources In the IIIIljorl ty 
of categories. The discrepanc~es. however. lIIIly prove to contain much 
useful and timely inrol"llllltion. 

Conttnual periodic tnventory provides an Information basts for making 
decisions regarding the use or replenishment of renewable resources. 
The Forest Service .as Uut directed to undertake periodic 
nationwide surveys or ttaber resources by the McSweeny - McNary Act 
of 1928. and more recently by the Forest and Rangeland Renewable 
Resources Plarmlng Act of 1976. 
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~ The Southeastern Forest Inventory and Analysts (SE FIA) unl t is 
- responsible for producing a statistically reliable inventory of 

timber resources .in the five States of the southeastern U.S. every 8 
to 10 years. Requl red data are collected from perlllllJlent field survey 
plots wi th a sample size sufficient to produce State and regional 
estimates of the timber resource base. These surveys provide 
reliable information regarding the status of the timber resource at 
the date of inventory. but subsequent changes in land cover/land use 
rapidly outdate the results. Gathering and complling these data are 
time-consuming. and limit the frequency of full field surveys. 
Desire for more frequent updates on the status of the timber resource 
has generated pressure to accelerate the survey cycle to every 6 
years. I 

Procedures to monitor recent ha~vest. regeneration. and land cover 
change through time, are needed. Such procedures must be rapid. 
rei table. repeatable. compe.tible wi th current SE FIA procedures. and 
lmplementable at a reasonable ~ost. 

OBJECfIVE 

Remote sensing meets lNUly of the needs Identified above In the 
inventory of natural resources. The overall study considers 
Interpretation of remotely sen!<ed data of a variety of scales In an 
extensive sampling framework. The long-term objective is to 
Integrate routinely available remotely sensed data that iwi 11 provide 
timber resource acreage data for updating SE FIA field survey 
statistics. This paper discusses the overall proposed method. and 
then focuses on the resul ts obtained from the interpretation of one 
source of Information: medium scale color Infrared aerial 
photography. 

I 

SELEcrION OF REMOTELY SENSED DATA 

Several sources of remotely sensed data would be periodically 
avai lnble for use in estimates of acreages undergoing harvest. 
regeneration. or other land cover change. Options Include National 
High Altitude Photography (NHAP). digital or analog Landsat satelli te 
imagery of the Thematic Mapper (TIt) o~ Mul tispectral Scanner 
Subsystem (MSS). and specially acquired aerial photography. 

I 
Medium Scale Color Infrared ,Custom Aerial Photography (MSP) 

I.and cover and forest resource acreage estimation end change 
det",ction using medium scale (1: 10.000-1 :30.000) aerial photography 
has been Investigated frequently and is well documenl<'d (e.g .• 
I.oetsch and Haller 1973. Aldrich 1979. American SoclelY of 
Photogrrurmetry 1983. Avery and Berlin 1985). Although its high 
spatial resolution facill tates the identification of harvest and 
regeneration conditions. high cost per un1t area coverage Is a 
liml ttng factor. Color infrared (CIR) aerial photography provides 
more forest type information thlm either color or panchromatiC aerial 
photography at similar or smaller scales (Stephens 1976). 

, 
Harvesting and development of Rccess roads was monitored in a 
cosl-t'!ffectlve manner in Csnada using I: 15.840 scale panchromatic 
8Nlal photography «(Auo 19(5). AlISesslng the success of 
regeneration. Swantje (1957) utilized 1:15.840 scale panchromatic 
ftt'!rlaJ photography and found that coverage acquired In the fall 
provldt'!d the best discrimination of fir sf!edllngs under dense wi 1 low 
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and fern coverage. Nelson (19TI) studied regeneration on forest 
industry lands in North CArolina using 70 l1li elR aerial pho aph,y 
at scales of 1: 12.000 and I :21.000. The use of aertal Phot~~~phy 
resulted In a 10% cost reduction when compared wtth ground monitor!", 
o~t:rlea~Xpr;pared for regeneration. while aertal eSUlIIIltes were 
w n 0 ground measured acreage. 

Ashley end Cohen (1985) separated spruce and fir regeneration Into 3 
~~~~ng t:~~;;t~ ca.:negOrleS using aerIal photographic scales of 

• •. e ground-measured stocking level of 
overtopped stands was overestilllBted b 2 2 
Visual interpretation of the I: 12 ()(X/ s~lepe~cent based on the 
researchers note that reports of hi h p otography. The 
regenerat Ion stocking are Contingen~ u accur~cy" tn estimating 
photographic scales wi th the size or A~n : e ~ltChlng of aerial 
population. -."e 0 seo:u tngs In the 

tmti ona I High Al t I tude Photography (NHAP) 

The U.S. Geological Survey Inl t lated th 
of 1980. One of the proposals of th e NHAP program In the spring 
1:58.000 scale CIR aerial h t e program proposed to prOvide 
conterminous U.S. on a 5 y~a~ ~~:~:hic coverage. for all areas of the 
leaf off condl tlons (NiIAP I) R . The first cycle was IIIBde during 
acqufsl tlon during" leaf on c~ndl ~;.at coverage Is planned for 
although some of the NHAP II ons L.NHAP II) at I :40.000 scale 
scale of I :58.000. An attemp~o:~~~:e s already been produced a~ a 
acqUire photography of entire states made in the NHAP II program to 
reducing the delay in obtaining on a sequential basts. thereby 
required 5 years in North Caroli~a(~~:~~~)~al coverage. which 

A study completed In Minnesota e 
NHAP photogrRphy for updating f xamlned the utility of 1 :58.000 scale 
a!. 1981) NHAP Imagery b~rest resource Inventories (Duncan et 
areal ext~nt of harvest a:s 

a e to provide inforlllBtfon concerning 
delineation. si te preparatlo~e!:~~:~lon regions softwood species 
of various terrain features (I end success. and the location 
traUs) to a 0.5 acre ground r~:~iu::;er bodies. forest access 
I~f off condi tlon of the NIIAP I h n. The authors noted that the 
detenninatlon. It was concluded p otography limited hardwood species 
major role in updating that NHAP photography w1l1 playa 
bel'n previously establt:~:urc~ Inventories whose baseline lIIBy have 
photography. us ng conventional larger senle aerial 

A study comparing the precision nd " 
clllulfication using NHAP d a accuracy of general IlUld Cover 
of 3 COUnties In New Jerse~f oP~t~ bar Jlf\noramlc photography (OB) 
dlfferenct'! in precision betwe~~nth: t~o there was no sIgnificant 
91.5% fllld 82% respectively (S with overall accuracl~s of 
non-forest land from non-fore;~t:~ al. 1987). Separftt ion of 
wall bfollt accomplished us with tree Cover and forest land 
photolnterpretaUon of ~ng stereo interpretation of NHAP. The 
does thlll highltght the 1 photography was done monOCUlarly, Not onl 
Interpretation I t I mportent advantage of stereoscopIc y 
areas t"t hav~ tre: ~:v:uggest!l that NHAP may be used to dl!ltI"KUtsh 
Involved In tlmbe r but are not actually part or the land ba 

r resource production. se 

The -Jor drawback to the Use of 
the 10I'1C acqulsi tlon c NHAP In repeti tive aerial lIurVe Is 
Inventory Is Co rab/cle . The present frequency of SE FJA flefd 

mpe e to th~ number of years r~uired to obtain 

'" ~, 



.-q.cUc .. rf~l photOlfraphlC coverage of North carolina frOlll """P. 
..... r. this..., eharWe according to leveIe of funding channeled to 
tbe JIHAP and BE rIA proa;r .... 

Sotdlf ttl XMU" (!Md"' KSS and 1l4) 

A.rw.Jyal. or satellHe laegery ror forest resource tnforftlUon 'has 
been .oloe on ror well over a decade {I._rfcan Society or 
l'hotO&r..-try 1983). lbe Multispectral Scanner Subsystem (MSS) and 
the Tbe_ule Napper (TM) represent the Urst and second generation of 
electro-optical. .c::annlrc radlOllleters flown aboard Landsat satellites 
and designed (or _nl tor ina; natural phellOlllena. Seven channel 114 
data •• Ith 3()-,eter ground resolution (In all but one therllllli 
channel) also features radl~trlc Improvements over the 
four-channel. SO--ter ground resolution of MSS data !Irons -1982). 
Both '-.glng IIYllt_ currently prOVide repeat target coverage every 
16 days. TM data are .ore expensive to acqUire and analyze digitally 
than MoSS data covering the same area. EI ther type of data can be 
Rcqulred as a c~ter-compatlble tape (OCT) or as a photographic 
product. 

Dlgi tal analysts of 1J( data In OCT format has greater potential for 
classl rylng land -cover and forest resources to a finer level of 
detail than does MSS data (Dottavio and Williams 1982). Conversely, 
the Increased s~ctral and spatial heterogenel ty. and volume o( 
higher resolution TN data dictates the need for development or new 
data hand I tng _thods to decrease computing loads. Visual analysiS 
of 1lI datn l15\y be IIIOst beneficial to practicing (oresters (Willfams 
and Nehon 1986). 

Digital classlflrAtton of land cover, using both ~~ and TM data, 
have relt-ealed consistent sources of error. The shifting of spectral 
signatures of a given land cover type from one scene or one date to 
another precludes the rapid universal extension of spectral 
signatures and necessitates constant, localtzed classifier training, 
especial Jy over large geographic regions (Aldrich 1979). Landscape 
shadowing plays havoc with classification algorithms, as does the 
separat (on or forest from forested urban neighborhoods (Hoffer et al. 
197B). The low spatial resolution of MSS data Increases the 
I ikellhood of boundary pixels and subsequent misclasslfication (Irons 
1982). 

A widely used, 81 I-purpose, land cover classification scheme for use 
with remotely sf'nsed data was developed by Anderson et al. (1976). 
The "Anderson" schf'me of classification was designed to establ ish a 
b,lSis for tht" r..ntegorf7..nt ion of land cover Into increasingly detal led 
condl tlon",. Fort'st hmds are st"parated from other types of land 
cover at Level I by "having a tree-crown areal density of 10 percent 
or more. are stocked with trees capable of producing timber or other 
wood products and exert an Influfmce on the cllllBte or water regime." 
At Level II resolution forest lands are sepnrated Into deciduous, 
evergreen. and mixed classes. TIle "Anderson" scheme was purposefully 
left open-ended to encourage goverment agency cooperation at the 
lowest. most general hmd cover classification levels (I and II) and 
agency specific scheme development at more detailed levels. 

A study of the capablIlty of digital classification of MSS and 
simulated 114 (TMS) data conducted over forest industry land in North 
Carol ina reported accuracies of 39% and 60X respectively .hi Ie , 
separating forest cover details to I\Jl arbrltary "Anderson" Level III 
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categories Including cleareut. Mixed roreU he. ~ 
pine age classes (WI II hUlls and Nelson 1986)' Rr rorest. ~ .. 
COVer Into l..e I II . eegrept10n of lencl 
MSS and TMS ~~ t ~~egOrles Increased classUlcaUon accuracy of 

~:Ults O~:hls slt:dY, t~c~I~:::;~~~:e!'~I~ ~f~!;:I~~ 
area ng c assHled was relativel ),.~~ , 

forest cover, and since the veril! y ..... ""1fieneou. with reprd to 
was accomplished by examination (~~!gn~ claSSification result. 
accuracy assessment was 11nlfted 0 " scale CIR photoaraphy. 
at this scale. to the resolution of detail prOVided 

Visual and digital analYSis o( satell 
detecting major disturbances to the I::': data have been sUccessful In 
forest types on a national J scape and in classlfyfng 
In both of these caSes h sca e {Aldrich 1975. Nelson et al 1987} 
1:58,000 or smaller _~ u:::v;~'vae~:al photography at scale~ of . 
These scales can provide resolutl er Yl the classification results. 
mature forest types In most cases on~u table for separating among 
determlnlng land cover tvn... ,t may not be adequate (or 

" .. ~ on areas In trans I tlon, 

These resul ts may giVe the f I 
sateIll te data can rel1ably :~;:s o~ that dlgl tal classification of 
therefore, trends. On the other or and COVer changes and, 
study reported has deal t prl II hand. no dlgl tal classification 
fallow agrlcul tural fields :~l y wi th separating among clearcuts 
abandoned agrlcul tural fl id y natural regeneration, Plantation' 
harvested areas, and WOod:d ~s~~~;productlve woodlands, selectlveiy 
Cover conditions that are dffficult' to ~;se are the types of land 
trans I tlon categories of land cover hD~_ stlngufsh and yet are the 
especially In the Piedmont th c._~e. In North Carolina 
condl tlons. excluding the i e average size of tral ta In thes; 
likely to be tens of acres andargentrtahctsdof Industry held land, Is more 

o un reds. 

METHooo 

MSP was photolnterpreted to estlmat 
and forest resources from perman e ftate-wlde acreage of land cover 
carolina. This photography ent, arge sample plots In North 
MSP, NHAP, and TM Into a tec:;frese~ts part of a study to integrate 
figures by applying recently eS~~::~lt:~ ~pdatlng field 1nventory 
This paper focuses on prellmlnar re and COVer acreage statistics. 
photolnterpretatlon of MSP T Y suI ts obtained rrom the 
photolnterpretatlon f . 0 date, stereoscopic 
f 0 over 100 000 a f 1 

rom 1:12.000 SC'AJe eiR aerl I' h cres 0 and In North Ca r ollna 
by a single Interpr~ter in Ie:. ~~o~raphY (MSP) has bef!n completed 
results are compared with SE FIA f months. The preliminary 
survey approxImately two y-ar ligures from the most recent field 

~ s-earler. 

StUdy Area and Reference fut!i! 

One reason North Carolina h 
embodies mUch of the land was c osen as the study site Is that It 
the southeastern U S TI ~over and topographIc diversl ty fOtlno In 
non-Industrial prl~a~e 1 md~rl~ndlJstry shares the land base wI th 
In the State. This SftU~iO~ ers, who own a majority of the- acreage 
rlU1ge of forest nnnagement r creates a landscnpe exhlbl ling a brOS\d 
other economiclllly driven l!'n:ctlces. IncreaSIng urbanization and 
ownership and therf!fore I d COVf!r shifts Influence the land 

- ,an lhIingemen t prac t Ices. 



The second r_son North Carol1na was selected was that It was 
- recently surveyed (Nov_ber. 1982 to Sept_her. 1984) by the SE FIA 

field er_s. Data froe the prhm crutatng of 5,355 systelJl8tlcally 
selected ground .ample plots were tallied and used to estimate 
current forest cover conditions. The acreages tn forest and 
non-for.st are establ hhed by the photolnterpretatlon of 91.165 
syst_tlcally selected, 16 point clu8ter8 applied to et ther 1:10,000 
scale black and white Agricultural Stabilization and Conservation 
Service CASCS) _rial photography or NHAP. '!Pe photography 18 
utilized In the fOrlll of prints at 2 time8 enlargement. Five percent 
of these clusters were checked in the field. and original 
interpretation wall adJusted using the resul ts. SE FIA resul tB 
represent the most ~rehensive and current information available 
concerning North Carolina's forest and are therefore used as the 
verificatIon of this study's results. 

Sampl ing Procedure and Clas8ification Scheme 

To coordinate the location of ~le areas on tnegery of different 
scales, a grid was selected whose nodes corresponded to the center of 
every U.S. Geological Survey 7.5 minute topographic quadrangle 
covering North Carolina. To save costs, this grid was reduced to 
Include every other latitudinal row of topo qua.ds. This network of 
potential sample plots prOVided a large sample size (421 qua.d 
centered grid nodes) and coincided wi th the most recent ~P stereo 
coverage (1981-1986). During MSP acqutsl tion, 18 grid nodes were not 
photographed, which reduced the number of locations wi th both MSP and 
NHAP to 403 (Figure 1). 

A plot size of 1,000 acres was selected to facili tate the 
registration of ultra snail-scale satellite ldata~ It was also 
thought thllt a large, high-resolution sample of the landscape on MSP 
would reveal important spatial relationships among land cover. 
elements wi thin the plot, thereby aiding photointerpretatlve 
classification. Circular plots were chosen because they were 
expected to be Influenced the least by Intersection wi th natural or 
man al tered spatial patterns of land cover. The circular plot shape 
also eltlllinated photointerpretation within the corners of MSP, where 
scale distortion, lens aberration, and' ltght fall-off are the most 
severe. 

The general classes of Level I, displayed in Table I, were chosen, to 
facili tate cooperative efforts among government agenCies. This type 
of frame-work was suggested by an interagency coordination group 
(Powell 1981) and might decrease redundancy by government. sponsored 
Inventory efforts at a Level I resolution. Level II of the 
classification scheme was designed to test the I imlts of practical 
Information that might be reliably photolnterpreted off the MSP and 
would be compatible with and of use to SE FIA florest resource 
inventories. 

Acquisi tion and Photointerpretatfon of MSP 
I 

KSP In the form of stereo triplets covering quad centers for every 
other row of 7.5 minute topo qua.ds was acquired by Forest Service 
pt"rsonllel, using a Loran C navigational system, In seven flying days 
during the period October 25 to November 9, 1985. This produced 103 
MSP plots covering 753,099 acres in stereo distributed over the 
entire slate of North Carol Ina (30,958,648 total land acres). Each 9 
by 9 inch CIR transparency (Aerochrome 2443) was nade wi th an 8.25 
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inch focal length lens at a al t i tude selected to produce a 1: 12.000 
scale photo. This scale ensured that complete cover~e of 1.000 
acres would be provided by each set of triplets, 

Plot center was defined by the center of the IItddle photo of tbe 
triplet set and was pin pricked. This center was transferred 
Visually onto 1 :24,000 scale. U.S. Geologic Survey 7.5 .. inute 
topographic quadrangles. Using elevation data froe the /IIIlp and 
altitude information frOfll the data block on the photo containing the 
plot center. an average photoplot scale was determined. Thia scale 
was employed in the calculation and pen drawing of a circle 
encompassing photoplot center and 1,000 acres. Processed filln wall 

received in rolls from the laboratory. but was cut Into frames and 
sleeved in acetate. All annotation was done on the sleeve, and 
sleeves were marked to provide consistent photo to sleeve 
registrat ion. 

A subset of III out of 403 plot locations on MSP was chosen by 
systematic sampl1ng with a random starting point (Figure I). 
Relatively homogeneous land cover condi tions, as defined by the 
classi Hcat ion scheme of Table I, were delineated as polygons drawn 
wi th a fine point fel t-tlpped pen on the acetates wi thin the 1.000 
acre tracts. 

For each of the 111 MSP sample plots, an average of 3 hours was 
required to photointerpret. delineate, and encode the results. An 
average of ISO polygons per sample plot were numbered sequentially 
and planimetered. The acreage of each polygon was computed bas.ed on 
the assigned average plot scale, except in areas of substantial 
relief where polygons were divided into 200 foot elevation increments 
and acreage was computed for each subpolygon unit. Since the average 
time required to planimeter an MSP sample plot was 2 hours, the 
average amount of time spent extracting information from one plot was 
5 hours. Computer algorithms were developed to provide access to a 
database of over 12,000 polygons of forest cover photointerpreted 
from MSP, comprised of variables describing plot, polygon, location, 
acreage, and type. 

Polygon acreages were sullllled by land cover condi tion for each of the 
four phYSiographic regions recognized by the SE FIA unit: Mountains, 
Piedmont, Northern Coastal Plain, and Southern Coastal Plain. Land 
Cover acreage sums produced by photointerpretatfon were expanded to 
provide physiographic region and State-Wide estimates. An average of 
lout of every 310 acres in North Carolina _s photointerpreted for 
land cover on MSP. 

RESULTS AND D I S:::USSION 

SE FIA acreage estimates of total forestland fall wi thin the 2.5 
million acre, 95% confidence interval surrounding total forestland 
estinates based on the photointerpretation of MSP (Table 2). 
Confidence intervals are not currently available for most FIA 
estimates because of complexities in their methods. The M..<;;P estimate 
is 0.75 million acres higher tMn the SE FIA est lnate. The 
difference between these estimates can be due to errors In snmplfng 
and photolnterpretatlon, or changes In land cover. Quanllflcation of 
these differences Is underway. SE FIA estimates of cropland and 
grassland do not fall wi thin the 95% confidence Intervals of MSP 
estimates, but some of thts difference can be attributed to the 
rotation of croplands tn the 1 to 3 year pe~lod separating fh" SF. FIA 



and MSr photolnterpretation surveys. When these two categories are 
aggregated, the acreage estilllBtes fall within the confidence 

interval. 

Table 3 reveals five forest resource categories whose SE FIA acreage 
estt_le. do not fall within the MSP estimate's 95% confidence 
interval range. Subjective visual examination of NHAP photography 
and cOIIIpBrlson with similar locations on MSP separated by 2 to 3 
years tn tilDe led to the hypothesis that some of the overestillllltion 
of plantation by MSP photointerpretatton represents the recent 
establishment of planted pine acrenge at the expense in upland 
hardwood. This hypothesis fits the observations that MSP 
phololnterpretat ion resul ts are higher than SE FlA figures in the 
amount of plantation. pine. and seedling sapling acreage, but lower 
than the estilllBted 'acreage of upland hardwood. It Is possible that 
the lover est illllltes of upland hardwood acreage from MSP 
interpretation nny be. attributed to the higher estinntes found In the 
oak-p lne class. 

This study seeks to be compatible with established SE FIA 
definitions. This allows for the direct comparison of results and 
rigorous tests of the accuracy of photointerpreted estimates 
necessary if the credibll1 ty of the remote sensing approach is to be 
established. Presently. ISO SE FlA, 1 acre field plots that occur on 
MSf' coverage are being photointerpreted In stereo by SE FIA personnel 
to provide some measure of accuracy. Prelln.inary resul ts of that 
invest igat ion indicate that plantation can be quite re l1ably 
separated from natural forestland, al though sample sizes of 
interpreted planted Hands are slllllll. Further investigation is needed 
to be able to determine if thel increase in planted lands indicated by 
MSP IU\Blysls 1. correct and so demonstrates that this type of imagery 
can be effectively used to qUlUltify short term changes In the timber 
resource bose. 

Registration of 1 acre, SE FIA Held survey plots onto MSP is 
difficult. Mlsregistration by as little as 30 feet nny cause a 
substantial shift in forest stand siie, closure, or type. not to 
mention land cover. Accurate registration of I acre plots onto 
smaller scale imagery becomes increasingly difficult. Stereo 
photointerpretation reqUires intense concentration and a thorough 
familiarity with the ecologiqal and artificial characteristics of the 
landscape in order to produce lnBXimum classification accuracy. Just 
as dlgi tal Image analysts would not think of using "any old 
algorithm" to produce land cover classification. photolnterpretation 
duties should be assigned to the most q\lal ified personnel for the 
relloble results. There is 'no algorithm in existence that can 
utllize lJnnge information as expertly as f well trained hurre.n mind. 

The application of satellite data to define a landscape still results 
In numerous mtsclasslfications. espeCially in the transition 
cntegories thRt define landscape change. Satelli te dat.a ('-nn classify 
the landscape into large. homogeneous land cover types. But u·sually, 
:l t Is the small heterogeneous c.ondi t Ions that make up! the seemingly 
homogenous category ·of interest. The separation of forest from 
non-forest land is an "Anderson" Levell classification. To achieve 
this land cover separation and meet the needs of the SE FIA survey. 
however. land cover conditions must consistently be determined to a 
much more detailed level of resolution. I To produce more timely 
timber resource statistics. the transition zones (e.g., young 
n"jtl"nerating stands) must be identified as soon ·as possible. This is 
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best accOlllplished with remotely sensed data of hi-l. 
resolution. .,. spatial 

~~t~~t~:;I~~r~:::e:h~n::~~::::: o~ remotely sensed data for 
frequency. resolution and cost 1M:n: dependability. coverace 
of dependabil1 ty and ~overage f' MSS data meet the crtterla 
commercialization of the Land requency, even though 
difficulties. Other countri sat program has _t wi th funding 

I es are now IIIBrketing sat III 
spatia resolUtions higher than 1M Th e te imagery of 
digi tal analysis are much higher than e ~osts aSSOCiated wi th 
visual interpretation for small area the more reasonable costs of 
must be considered In the context of s t~r extensive plots. but both 
information obtained at sat lli e quantity of useful 
much higher resolution info;mat:

e 
r;solutlons . NHAP is a source of 

not yet proven to be dependabl ~ or an excellent price, but has 
frequency. e is liml ted by a longer coverage 

Compared to TM and NHAP MSP 
the highest information' cont c~vers the least amount of acreage wi th 
Intensive. and probably ca ~~ a: the highest price. It Is labor 
inventory updates NSP e ~i e 0 prodUcing the most accurate 
I N h Ca . s mates of land cover and f 
un ort rollna were produced in less than 8 orest resources 
dander $60.000.00. A combination of NSP 1 h NHAmonths at a total cost 

ta may yield the most cost err w t P and/or satelll te 
dependence on anyone data ectlve estimates while lfmltlng 
identify areas based on the s:urce. Satellite data could be used to 

:imultaneous photolnterpretat;!~e:r o~~stu~~ce exhibited. while 
ifferent dates could then be I an P acquired from 

extent of land cover Chft_~ &kemp oyed to estimate the types and 
..... 'f§,es t ing place. 

Periodic moni torlng of I ' 
photography Is a way of ;;::id~~~~ntlY located plots wi th sampling 
cover change. An attempt will b(" n ormation about tr@nds in land 
coverage of North Carol ina in 19S911Wlde to acqUire similar NSP 
crews arf! conducting ground at the same time SE FIA field 
Comparison of land cover and s~rvey. This will allow direct 
photointerpretation and ground orest resource acreage estimates from 
land ~over change. In the mean~~rvey wi th minimal confounding due to 
alreai:ly acquired NHAP and NSP ma me. sillRlltaneous examination of the 
and tYPes of land cover and f y he Ip to fur ther def 1 ne the ra tes 
In North Ca 1 orest resource chang ha ro Ina· a couple of years ego. e t t were underway 
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Table 1. 

Level 

Landcoverlf 

Barren land 
Cropland 
Grassland 
Shrub 1 and 
Urban 
Water 
Tree land 

Classification categories employed In the separation or 
land cover and forest condition In North Carol1r-.. 

Level II 
Origin SIze Closure Type 

Plantation Sawtimber Closed Pine 
Natural Poletlmber Open Mixed Pine 

Seed/Sap Oak-Pine 
Non-Stocked Bottomland 

hardwood 
Upland 

hardwood 

If - There was also a Level I category entitled "Obscured" . 
It was assigned to polYgons hidden from view by clouds 
or mountain shadows. 

Table 2. 

Land cover 
category 

Grassland 
Cropland 
Treeland 

COmparison of land Cover acreage estimates from the 
photolnterpretatlon of 1: 12.000 scale. color infrared 
photography (MSP) acquired In November. 1985 and those 
from the Southeastern Forest Inventory and Analysis unit 
(SE FIA) field survey conducted from November. 1982 to 
September. 1981 in North Oarollna . 

SE FIA MSP and 95% C. I. 

Thousands of acres 
6768" 5421 +/- 1080 
168()N 2415 +/- 551 18952 19770 +/- 1269 Urban & Other 3557 3353 +/- 728 

If - Denotes SE FIA estimates that do not fall wi thin the 95% 
confidence Interval of the photolnterpreted MSP 
estimates. 

Ifn 
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Table 3. 

estimates from the 
Comparison of forest resl~ulr2c~c:~:. color infrared 

tatlon of . • 1985 and those 
photolnte~preMSP) acquired In No'olember. d Analysts (SE 
photograp y (h tern Forest Inventory an 1982 to 
from the Sout ea· nducted from November. , 

it field survey co 
FlA) un 198'\ tn North carolina. 
September. 

Fores t resource 
condition 

Stand Origin 

SE FIA 
MSP and 95% C. 1. 

jThousands of acres 

1614" 
3161 +/- 1037 

16609 +/- 1195 Plantation 16836 , 

Natur~a~l ________ ------------~-------------------------

Stand Size 

Sawtimber 
Poletlmber 
Seed 1 lng-SaP I log 
Non-s tocked 

Stand Type 

Pine (> 50%) 
Oak-Pine 

8979 
5287 
3857" 

328 

6345" 
2277" 
2704 
7125M 

9631 +/- 882 
5006 +/- 545 
4922 +/- 786 

211 +/- 124 I 

fin6 +/- 1183 
3300 +/- 477 
2607 +/- 802 
4987 +/- 672 Bottomland Hardwood 

Upland lIardwood 
do not fall within the 

J)cnotes SE FIA estimates that photointerpreted NSP 
95% confidence interval of the 

estimates. 
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AREAL DETERMINATION OF FOREST DAMAGE THROUGH INFRARED 
AERIAL PHOTOGRAPHY 1:9000 

H.U. Scherrer 
Swiss Federal Institute of Forestry Research 

CH-8903 Birmensdorf 

ABSTRACT 

In 1984-1986, as part of the Sanasilva project organized 
by the Swiss Federal Institute of Forestry Research, color 
infrared aerial photographs were taken of approximately 
one third of the area of forest in Switzerland, at a scale 
of 1:9000. The methods of aerial photograph interpretation 
used are described and the experiences gained in flight 
planning, flight coverage. interpretation of photographs, 
construction of damage maps, data evaluation, and appli­
cation of the findings in practical forestry are summa­
rized. The experience of the cantonal authorities to date 
has shown that the aerial mapping of forest damage is a 
valuable aid in 'practical forestry. It provides an overall 
picture of the local situation and facilitates decision­
making in silvicultural planning. Infrared aerial photo­
graphs are accurately dated documents and can be effecti­
vely employed in public relations work. 

INTRODUCTION 

In late 1983 the growing problems of forest damage lead 
the federal government to initiate a special program with­
in the framework of the Sanasilva project. which in itself 
comprises 11 sections. The special program is entitled 
"Areal Determination of Forest Damage" and is based on the 
use of color infrared aerial photographs at a scale of 
approx. 1:9000. The main objective is not to produce a 
regional or nationwide overview, but to provide a detailed 
stand-by-stand survey of the damage situation for forest 
owners and local forest services. 

ORGANIZATION OF THE PROGRAM 

The program is a joint project of the federal government 
and the 26 Swiss cantons. The federal institutes organize 
the flight planning, order the films, order and supervise 
the flights and train and supervise foreste~s through 
photointerpretation courses, bearing all relevant costs. 
The cantons, under the proviso that they strictly adhere 
to the prescribed methods, have the free use of the photos 
but must pay for and organize photographic interpretation • 
• apping and data interpretation themselves. 

FLIGHT PLANNING AND CONDITIONS 

Flight planning is based on the use of the photoRcalo of 
119000, tho WILD RC 10 or RC lOa camera, with a 210 mm 
objective. with a longitudinal overlap of 85~and a sidelap 


