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ABSTRACT 

Th i s paper descr i bes case stud ies a imed at detect in g and quant i fy in g urban 
tree st ress of two f undamentallyd iffe rent types in two l ocat ions : 1) map l e 
dec line - in Sy racuse , New York, and 2) Dutch Elm Di sease - in St . Paul, 
Minnesota. In the map l e dec line study , factor ana l ys i s was used to deve l op 
numerical '' st ress in dexes" based on gr ound data . Then, spectral dens i ty 
measu rements from 1: 6000 co l o r i nf ra r ed photography were re l ated (through 
mu l t i pl e regress ion) to these stress ind exes . The resulting stat i st ica l 
mode l enab l ed pred ict ion of st ress cond i t ions th rougho ut the study a r ea, 
basedsolelyon spect r a l density measurements . 

In the Dutch El m Disease detect ion study , first a conventi ona l inte r preta 
t i on of 1: 6000 a nd 1:1 2,000 co l or i nfrared photog r ap hy of multiple dates 
was performed. Second , sca nnin g mi c rodens i tometer data were ana l yzed in 
va ri ous ways to exp l o re d i g i ta l app roaches to detect ion of the d i sease . 
Desc ri bed bri e fl y a r e ongo in g stud ies of the use of d i g i ta ll y enhanced 
images an d d i sc ri minant function ana l yses to a i d the disease detect ion 
process . 

I. -- INT RODUCTION 

Trees prov ide ma ny tang i b l e and in tang i ble va lues in a nd aro un d met ropo litan 
areas . Th ese va lues ra nge f rom providing sanctua ry for wil d life , to reduc 
i ng tempe ratu res , prov id in g v i sua l screenin g , and gene r a ll y enhancing the 
sett i ng for aesthet i c enj oyment . Whil e prov idi ng these va lues , howeve r, 
t rees in the urban env ironment a re subject to i nordinate sou r ces and degrees 
of st ress . Mainta i n in g the delicate eco l og i ca l balance between urban and 
s ubur ban res idents and the ir sur roundin g vegetat i ve env ironment i s becom i ng 
in c r eas i ngly comp l ex, i mpo r tant and cost l y . Fo r examp l e , in the l ast three 
yea r s the c i ty o f St . Pa ul, Minneso t a spen t mo re than $2 1. ~ ill ion to r emove 
t r ees k ill ed by Dutch El m Di sease and pl ant rep l acements . ln 197 7 a l one , 
some 47 , 000 e l ms were lost to the d i sease i n thi s c i ty. 

With cont i nued i ncrease in l and a reas ded icated to urban Use , the scope of 
t he pr ob l em of ur ban t ree cove r ma intena nce i s like l y to be muc h l arge r. 
Hence , remote sens in g will no doubt p l ay an i nc reas ing role in mon itoring 
t ree s tress prob l ems . Howeve r, in cont rast to the ir app li ca ti on in rura l 
forested sett i ngs , r emo t e sens in g techn iques have rece i ved r e lative l y 1 i tt l e 
attenti on i n the ur ban context . Thi s i s part i c ularl y true for t he app li ca 
t ion of quant itat ive t ech n iques . The r esea rc h re po r ted he re in was under
ta ken wi th th i s in mind. That i s , the gene r a l intent of thi s work was to 



assess the ut ility of quantitat i ve photographic ana l yse s to ur ba n tree 
st ress detection. 

11 St ress 11 as used here refers to any disturbance of th e no r ma l gr owth cycle 
of a tree brought about by any 1 i v in g ent it y o r environmenta l factor which 
inte rfe res with the man ufa ctu re, translocation o r utilization of food, min
e r a l nutrients, a nd wate r in suc h a way that the a ff ected tree changes in 
appearance . In urban env ironments, ma ny var i ed , comp l ex , and interre lated 
factors cause tree st ress . These factors in c lude (but a r e not li mited to): 
in sect pests , disease agents, drought, a ir po lluti on , t emperatu r e extremes , 
so il compact ion, de-i c in g sa l t, and mechan i ca l damage. The prope r se l ect ion 
of l oca ll y adapted vegetat ion, o ld age deteriorization, and c hang in g env ir
onments are add i t iona l aspects of st ress in ur ba n trees. 

The case s tudi es described i n the rema in de r of this pape r illust rate two 
qu i te different types of tree stress prob l ems . The fir st study - conducted 
in Syracuse , New York - was a imed at quantify in g a comp l ex deterioration 
problem known as maple dec line . Thi s cond iti on i s d iffi cult to invento r y 
and manage because of the large number and diversity of interacting factors 
invo l ved , and, the l ong pe ri od of dete ri o rat ion l ead in g toward tree death . 
With th i s type of mu l t i faceted problem, the intent of mon itor in g act i v i t ies 
i s not to group t r ees into healthy vs unhealthy cond iti on c l asses . Rather, 
a ll~ees are known to occupy some position a long a cont inuum of v i gor con 
d iti on . The object i s t o determ in e just where a long this cont inuum any 
given tree resides. In the case st ud y first desc ribed be l ow , spot micro
dens itometer readings from co l o r infrared film we re used in a multiple 
reg ress ion mode l to pred ict quant itat ive in dexes of map l e decline. These 
in dexes were based on the app li cat ion of factor ana l ys i s techniques to 
var ious forms of ground reference data . 

The second case study to be described in th i s paper i s an ongo in g eva lua
tion of quant itat i ve techni ques for detect in g Dutch El m Disease. Contrary 
to the f i rst case study the prob l em here i s one of determining the healthy 
o r unhealthy cond i t ion of any g iven tree. Digital image enhancement pro
cedures and d i sc ri minant ana l ys i s techn i ques are being eva luated in this 
study . They a r e discussed very br ief l y in the l atte r pa r t of this paper . 

I I. -- SYRACUSE MAPLE DECLINE STUDY 

Study Object ives 

The threefo ld object i ve of the Sy racuse study was: 

1) To develop a means of quantifying maple decline s tress l eve l s on 
the basis of ground data a l one . 

2) To develop a stat i st ica l mode l fo r predicting st ress l eve l s based 
on photo dens ity measu rement . 

3) To test the va lidity of the photog r aph i c mode l by st ud y ing a ran 
dom samp l e of test trees of known st ress cond iti on . Replicate 
tests were to be made du rin g the 1975 and 1976 grow in g season . 

The fo ll ow in g sect ions summa ri ze how the above tasks were performed. A 
mo r e deta il ed description of th i s r esearch i s g iven by Eav (1977), Lilh?s<:md 
et a l. (1978), and Lill esand et a l. (1979). 
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Data Acquisition 

Four study a reas conta inin g s ub stant i a l numbe r s of maples were se l ected f o r 
the st udy . They typ ifi ed residential, pa rk-res ident i a l, Cent ra l Business 
Dist ri ct (CBD) and in dust ri a l land use a r eas , r espective l y . The st udy pop
ulation in c luded 696 Norway Maples, 312 Silver Maples, and 148 Sugar Maples. 
During the 1975 grow ing season , the 11 56 samp l e trees were in spected on the 
g round on a monthly basis a nd s tress prob l ems were both categor i zed and 
coded nume ri ca ll y . Stress symptoms of the foliage, trunk and li mbs , and 
overa ll health cond iti on were diagnosed and rated on a sca l e of 0 {excel
l ent health) to 9 (dead) . Est ima t es of the percentage of the t runk and 
1 imb and foliage affected by stress were a l so made and the type and ca use 
of each st ress problem were coded . 

Aerial photographs of eac h st ud y s it e were obta in ed concurrent l y with each 
of five gro und s urveys . The photog r aph i c cove rage took th e form of 1: 6000 , 
70mm format, ve r t ica l co l o r (Kodak 2448 , haze filter) and co l o r infra r ed 
(Kodak 2443 , Wratten 15 f ilte r) pos iti ve transparencies. Hasselblad 500 EL 
(f=80mm) came r as were used to obta in the photog ra phy from a fixed wing 
Cessna 172 a ircraft. Step wedges were exposed on each film l eade r p ri or to 
process in g for sens i tomet ri c ca li brat ion. 

Reduction of Ground Data 

Various a lte rnat i ve strateg ies were cons idered for quantifying the st ress 
condi t i ons obse r ved in the field. The seven fi e ld measurement pa ramete r s 
were: 1) Percentage o f the live crown , 2) Numbe r of l a r ge dead 1 imb s , 
3) Numbe r of sma ll dead limb s , 4) Relative trunk and 1 imb cond iti on , 
5) Relative foliage cond i t ion, 6) Percentage o f f ol iage affected by a 
stress agent, and 7) Relative general health of the tree. One way to 
define a measure of the st ress cond i t ion of the study pop ul at i on would 
have been to se l ect the one parameter fr om the above li st which co rre l ated 
most st rong l y with the image densities meas ured from the photog r aphy . How
eve r, to se lect any s in g l e symptom as a st ress index results in the loss 
o f add iti ona l info rma ti on exp ressed by the othe r va ri ab l es . Hen ce , it was 
decided that the stress symptom data set should be red uced to a number of 
composite st ress indexes . These indexes could then be compared wi th the 
ca librated image dens iti es on a meaningful bas i s . Th e st ress in dexes were 
formulated with the aid of factor ana l ys i s -- a techn i que of multiva ri ate 
ana l ys i s that attempts to account for the essence of the cor r e l at ion pat
te rn in a set of obse rvab l e random variables through computat i on o f a 
mini ma l number of unobserved l atent random va ri ab l es ca ll ed factors. Fo r 
r easons which will be discussed l ate r, the ground s urvey data collected 
during Jul y were se lected to develop the st ress indexes . 

The re s ult s of the factor ana l ys i s of the o ri g in a l seven va ri ab les are 
g i ven in Tab l e 1. For each factor t he o ri g in a l va ria bl e having l oad in gs 
greater than 0 .40 (unde rlined i n Tab l e 1) we re in c luded . A three facto r 
so luti on was found to adeq ua t e l y express all o f the o ri g inal variables, 
with the f actors represent in g: 

1) A trunk and li m9 (TL ) index composed of a proport i on of the 
pe rcent of live crown , the .number of l a rge dead 1 imbs, the 
trunk and 1 imb condition, and the genera l hea lth cond iti on . 

2) .A follage (EO) index which was a combination of the foliage 
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cond i t ion , the percent of foliage affected , and a proport ion 
of gene ra l health cond i t ion . 

3) A c rown and branch (CB) index formed by the percent of live 
crown and the number of sma ll dead li mbs . 

Tab l e 1. Facto r Analys i s Resu l ts Fo r 1975 Ground Data 

Factor 

2 3 h2 

Tree Stress Symptoms : 

Percent li ve crown 0 .486 0 . 032 0 .71 0 0 .741 

No . l a r ge dead li mbs 0 . 834 0 .1 08 0 . 030 0.708 

No . sma ll dead li mbs 0 . 090 0 . 130 0.924 0 . 878 

Trun k & l i mb cond iti on 0 . 802 0 . 159 0 . 397 0 . 825 

Fo li age cond iti on 0 . 312 0.839 0 .1 69 0.830 

Percent fa l i age affected 0 . 063 0 . 93 1 0 . 022 0 . 872 

Gene ra l hea l th cond iti on 0 .733 0 .403 0 . 334 0 . 8 11 

Percent of tota l var ian ce 51% 18% 12% 

notes: h2: communa lity 

underscored l oad in gs a re above 
the cutoff po int (0 .40) 

The foliage index was obse r ved on the g round to be most desc ri pt i ve of the 
seasona l va ri at ion in stress symptoms . Longe r- te r m effects of st ress were 
obse r ved in thin-crowned t rees with numerous dead branches which were rep
resented by the 11 trun k and 1 imb 11 and 11 c rown and branch'' i ndexes . The 
o ri g in a l var iab les (standa rdi zed to the same mean and standa rd deviation) 
and the factor load in gs we re used to comp ute the three stress index va lues 
as follows: 

TL o .486s 1 + o . 834S2 + 0 . 802S4 + 0 . 733S7 (1) 

FO = 0 . 839S5 + 0 . 913S6 + 0 .403S7 (2) 

CB = 0 . 71 OS l + 0 . 924S3 (3) 

where TL = 11Trun k and Limb 11 in dex ; FO = 11 Fo l i age 11 index ; CB = 11 Crown and 
B r a~ch 11 in dex ; and , s

1
, s 2 , ... s

7 
= standa rdi zed values for the or i g ina l 

va r1 ab l es . 

Thus , those va ri ab les with the highest l oad in gs on a f acto r ( i. e ., t he most 
impo rtant var iabl es) have t he greatest effect in est i ma ting each i ndex . All 
th ree indexes in c reased in va lue a long a sca l e fr om - 2 to +8 , as tree 
hea lth dec li ned from a healthy to a dy in g stage . 
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Reduct ion of Aerial Data 

Spot dens i ty readings were made on selected subsets of the ae ri a l photo
graphy through the use of a spec i a ll y fabricated microdens itometer system . 
Thi s system cons i sts of a Bausch and Lomb Zoom 240 Stereoscope/R i chards 
Li ght Tab l e comb inat ion , to which a dens i tome t e r assemb l y has been added . 
This setup enab les the image ana l yst to v i ew posit i ve transparencies i n a 
convent iona l manner and obta in digital dens it y readings s imultaneous l y . 
Tree crown dens iti es were read using a 200~m spot s ize . Three such read 
in gs were taken on each crown a l ong a 1 in e perpend i cu l a r to t he az imu tha l 
direction of the sun li ght at the time of ima g ing. The average of these 
three read in gs formed the "raw" density reading on each tree c r own . Mea
su r ements were taken so lel y on crowns l y in g near the principal po int s of 
each photograph to minimize vignetting effects . 

Each density measurement cons i sted of three spectra l read in gs , through 
Wratten filters number 94, 93 and 92 for blue, green and r ed -form in g co l o r 
film layers. All r aw density read in gs we re converted to their cor respond
in g exposu re values v ia a c ubi c po l ynom ia l app rox imat in g each 
characte ri st i c cu r ve . 

Among the five dates of both co l or and co lor infrared photog r aphy ava il ab l e 
for densitometric ana l ys i s , one date and film type was se l ected - on the 
basis of canon ica l cor rel at ion - as the opt i ma l comb inat ion for subseq uen t 
development of th e st ress prediction model. Densities of 70 r andom l y se l
ected samp l e t ree c rowns were measured on the photography for a ll five 
dates. Canon ica l co rre l at ion s were computed between the photographi c data 
sets (cons i st in g of exposu re va lues from the three l aye r s plus s i x in ter
band rat ios) and the ground data set (cons i st in g of the seven st r ess 
symptom var iab l es) . As ant i c i pated through v i sua l ana l ys i s, the highest 
ove ra ll corre l at ion was f ound for the July date of obse r vat ion and the 
co l o r IR film type (0 . 865) . 

Development of Stress Pred i c ti on Model 

The photog r aph ic and ground data were r e l ated us ing three stat i st i ca l 
models (one for each stress in dex) . These models formed the basis for 
est imat in g the stress indexes for a ny tree whose photographic dens i ty 
va lues were known . The stress pred ict ion eq uat ions were determined from a 
regress ion of each st re ss ind ex on t he photog r aph i c data for 63 trees se l
ected at random from the park-res identi a l study s ite . The photog r ap hi c 
variables used in the mode l s in c luded 11 pa ramete r s whose i dent iti es and 
va lues are g i ven in Tab l e 2 . 

In cluded in the table are the est imates of the regression coefficients, 
B1 s, the mu ltipl e cor re l at ion coeffi c ient s , R, the standa rd er ro rs of 
est imate, s ; and the F- stat i st i cs f o r testing the s i gn ifi cance of the 
ove ra ll r eg ress i on eq uati ons . All three pred ict ion equat ions y i e lded 
standard er ro r s of est imate which were cons idered acceptab l e , pa rti c ul a rl y 
g i ven the diff i cu lti es in herent in quantifying the ground da t a . In spect ion 
of Tab le 2 indi cates that the eq uat ion s for a ll three indexes were 
stat i st ica ll y s i gnifi cant . 

552. 



lll 
(]) 

_Q 

ro 
I-

ro 
> 
.j...J 

c 
(]) 

-o 
c 
(]) 
0.. 
(]) 

-o 
c 

Tree St ress 

TL 

R 0.785 

s 1. 546 
-;'\ 

F 12 . 59 1 
(7,55) 

Constant 105.470 

IR 0 .1 655 

R -1. 9649 

G 1. 6298 

R/IR - 57 .1114 

G/ IR 

R/G - 50 .1 050 

R/S 348. 1216 

G/S 

G/R -11 0 . 2579 

I R/ (R+G ) 

(R/ IR) 3 

Index 

FO 

0 . 89 1 

0 . 850 
-'· 

27 .8i' 
(8,54) 

37.2376 

- 0 .0585 

- 0 . 2127 

0 . 6930 

- 25 .4726 

11.4869 

200 . 6139 

- 9 .1 59 1 

68 . 3735 

CB 

0.732 

1. 586 
~-

13.20" 
(5 . 57) 

- 74 . 8707 

0 . 0430 

-1 25 .31 82 

58 . 3690 

408.3616 

9 .2436 

whe re G Expos ure in green - sens i t i ve l aye r 
R Exposure in red-sensitive l ayer 

IR Exposu re in infra red - sens iti ve l ayer 
S Sum of exposures in three layers 

* s i gn ifi cant at p ~ 0 . 00 1 

Tab l e 2 . Results of Multiple Regression Re lating Tree Stress Indexes 
to Photographic Data (1975) 

Model Test in g 

Test in g of the stress pred i ct ion mode l s took on two distinct forms, as 
follows: 

1) The re li ab ility of the foliage pred ict ion model, as developed for 
trees from one st ud y s ite , was tested by using it to predict the 
foliage indexes of a random samp l e of trees drawn from all four 
study s ites . 

2) The ent ire modeling scheme was r epeated over the test s i tes during 
the subsequent grow in g season ( 1976) . 

Test in g the Fo li age Index Mode l 

Because of i ts obse r ved impo r tance as a sens iti ve indi cator of the t ree 
st ress prob lems encounte red in the st udy, the foliage index became the 
ini t ia l focu s for model testing. A random samp l e of 189 t rees drawn from 
a ll f our test s i tes was used to test the mode l. Thi s invo l ved mak in g 

553. 



dens i ty obse r vat ion on these trees and using the results to est i mate eac h 
tree's foliage st r ess i ndex . Th e actua l stress in dex va lues we r e computed 
from the gr ound data . A pa ired t - test was performed to determ ine if there 
was a s i gn ifi cant d ifference between the stress in dex va lues determined 
from the ae ri a l and gro un d data . Th e resu l t in g t - stat i st ic (0 . 20) was not 
s i gn ifi cant and was well be low the c riti ca l va lue (t OS 188 =1. 96) . In 
other words , the foliage pred ict ion mode l was found ~6 prea1ct the st r ess 
i ndex va lues as re li ab l y as they coul d be gene rated from the g round dat~. 

Repet i t ion of Experiment in 1976 

To eva luate the repeatab ility of the results obta in ed in 1975, the ent ire 
mode l deve l opment process was repeated for data co ll ected during the 1976 
grow in g season . Two July f li ght mi ss ions and one Aug ust mi ss ion we re flown 
wi th co lor IR film in an attempt to br acket the t ime during wh i ch stress 
cond i tions we re most ev ident . Ground observat ions du rin g the season indi
cated that stress problems became observab l e l a t er in the season than was 
the case in 1975 . Thi s delay in symptom development was appa rent l y due to 
excess i ve ra infa ll in 1976 compa red to 1975 . 

As was the case wi th the 1975 gro und data , t he 1976 data we re subjected to 
a factor ana l ys i s to formulate st ress in dexes . Canonical cor r e l at ion was 
aga in used as the bas i s for se l ect in g the opt i mum date of photography for 
the 1976 ana l ys i s . In contrast to 1975 , in which July photog raphy proved 
to be the best se l ect ion for stress pred ict ion , the August photog r aphy was 
super ior in 1976 . The August photography co rre l ated best with the gro und 
observat ions for a ll dates . The June and September g ro und observation 
dates had h i ghe r average va lues than July and August . Thi s rep resents a 
qu ite different resu l t than was obta in ed in 1975, when Jul y photog r aph i c 
data co rre l ated best with July stress symptoms . Th e cor r e l at ion coe ffi
c ient s were a l so gene ra ll y l owe r than those realized in the 1975 ana l ys i s . 
Evidently, these differences we re ca used by the relatively coo l and wet 
cond i t ions of the 1976 growing season. It i s hypothes ized that a cont in
uous flushing of young foliage tended to mask the st ress symptoms , both 
from the a ir and on t he g round. 

The re lati onsh i p between the aer ia l /g round canonical co rre lati on and hea lth 
cond itions was a s i gn ifi ca nt finding in this study . Comparatively littl e 
st ress i nf ormat ion was ext r ac t ab l e fr om any ae ri a l photog raphy taken s ho rt
l y afte r a pe ri od of rainfall and mode ra te temperature. Unde r the 
condition of ea rl y drought in 1975 , the June photography cor re l ated with 
the July st ress symptoms nearly as re li ab l y as t he July photog r aphy . That 
i s , t he photographs appea r ed to in d icate drought-induced st r ess cond i t ions 
prev i sua ll y . In fact, the June photog ra phy indi cated predisposition to 
drought stress wh i ch was not p red i ctab l e from the June ground data. Rain
fall afte r July in 1975 tended to weaken subsequent photog raph i c 
manifestation of st ress . The ra infall in 19 76 was above no rma l for May, 
Jun e , J ul y , and August. Eve r y flight in 1976 was pr eceded by rainfall and 
there was no drought per iod . Under these cond iti ons , trees we re never 
water st r essed so whatever st r ess man ifestat ions were recorded on the 
photog ra phs o r observed by the g round c r ews we re caused by agents other 
than wate r st re ss . The r educed co rre l at ion between photog ra phi c and ground 
data during 1976 a r e i n pa rt due to thi s absence of one of the major stress 
factors of ur ba n t rees . Acco rdin g l y , the modeling res ult s for 1976 were 
generally weaker than those obta i ned i n 1975 and the unique cond iti on of no 
water stress in 1976 red uced the re li ab ility of the foliage index as a pre
d ictor . 



I I I. - - St . Paul Dutch El m Di sease St udy 

Most U. S. prog r ams a imed at Dutch El m Di sease Detect ion from co lor i nf r a red 
photography have y ie l ded genera ll y unacceptab l e res ul ts -- due to h i gh 
er ro r s of i nte r prete r om i ss ion and comm i ss ion . In add i t ion , few stud ies 
have emp l oyed quant i tat i ve d i sease detect ion th roug h image dens i ty measu r e 
ment . Most notab l e a r e those repo r ted by Stevens ( 1972) , a nd Hamme r sch l ag 
and Sopsty l e (1975) . In t he fo rmer effo r t, l abo ratory spect ro r ad iometer 
read ings var ied marked l y as a f unct ion of the po i nt i n the grow i ng season of 
d i sease symptom deve lopment, and no s i ng l e spectra l reg ion y i e l ded def i n i
t i ve i nformat ion at a ll t imes . In the l atter study , rat io i ng of mul tiband 
images proved in conc l us i ve in enhanc ing d i sease detect ion . However , the 
i nvest igato r s suggested that 11 there s hou l d be f urt her use of the sca nn i ng 
mic rodensitometer as an ana l yt i ca l too l to compa re re fl ectance va l ues from 
healt hy and var ious l y stressed vegetat i on .•• Th i s i s pr ec i se l y what i s 
be in g i nvest i gated in the ongo ing St. Pa ul study desc ri bed br ief l y be l ow . 

Data Acqu i s i t ion 

Two test s i tes we re se l ected wh i ch conta i n a r ep resen t at i ve r a nge of con 
d i t ions under whi ch an operat iona l d i sease detect ion system might be 
imp l emented . Ground data abo ut the hea l th of the 2000 e l ms in the study 
areas we r e acqu i red as photographs of the areas we r e obta in ed on May 3 , 
May 15, June 25 , J ul y 25 and Septembe r 6 , 1979 . The photographs we re 70mm 
co lor i nf rared transparenc ies taken at sca l es of 1: 6000 and 1:1 2,000 . The 
May photographs showed a ll e lms i n a 11 l eaf - off11 cond i t ion, i n cont rast to 
the ot he r fo ur image sets . 

Pre li min a ry Vi sua l Ana l ys i s 

To prov i de a basel ine aga inst wh i ch to eva luate s ubsequent mi c rodens i to
mete r ana l yses, a pr e li mi nary 11manua l 11 i nterp retat ion of a ll imagery was 
unde r taken . Us i ng the May l ea f- off photography , e l ms cou l d be i dent i f i ed 
ve ry read il y f rom othe r spec ies by the ir d i st i nct i ve crown s hadow and b l ack 
trunk co l or . Severa l e l ms known to have Dutc h El m Di sease were both f ie l d 
c hecked and l ocated on t he Ju l y l eaf- on image ry to deve l op a set of i dent i
f y i ng characte ri st i cs on the photog r aphs for t r ees hav i ng the d i sease . 
Then , t he 1:1 2 , 000 and 1: 6000 images f o r each of the f i ve dates were i nter 
preted sequent ia ll y . Appa rent d i sease symptoms we re rated in to h igh , 
med i um and low l eve l s of inte r prete r conf idence . Afte r t he i mage i nte r pre 
tat ion p rocess was comp leted , ground data from each a rea we re made ava il able 
on the prec i se locat ion , date of detect ion , and app rox imate date of remova l 
for d i seased e l ms . In genera l, the p re li mi na r y resu l ts of compar i ng the 
ae ri a l and gro und data have been d i sappo i nt i ng i n that some 30% of e l ms 
known to be d i seased we re not ident i f i ed as be i ng so (on either sca l e of 
image ry on any date) by two t ra ined i nterp rete r s . At the same t i me sub 
stant ia l numbe r s of comm iss ion e rro r s were made by bot h i nte r preters . 
Wh il e d i sappo i nt i ng , these r es ult s we r e not unant i c i pated based on s i mil a r 
prev ious resea r ch , s uc h as that r eported by Nash et a l. ( 1977) . 

Di g i ta l Ana l ys i s 

Se l ected f r ames cover i ng the ent ire study popu l at ion have been d i g i t i zed 
us in g a P-1 700 Opt ron i cs d r um scanner . In t hi s process, dens i ty read i ngs 
i n the 0- 3D range are reco rded us i ng a 50~m spot size and a 0- 255 i ntege r 
reco r d i ng range . Sepa rat ion f il ters a re used to scan the f il m to i so l ate 
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the approx imate image structu r e on the blue , green, and red l ayers , respec
tively. The resulting digital data are be i ng used i n two ways: 1) to 
pr epa re enhanced image products for subsequent manual i nte r pretat ion , and 
2) to deve l op discriminant functions to 11 automatically'' separate healthy 
and d i seased trees numerically. 

The enhanced images are made in a D-47 Di comed Co l or Image Recorder. Prior 
to recording, the d i g ital data from each band of the or i g i na l film are con 
trast enhanced using analyst - supp li ed va l ues for the li ghtest and darkest 
dens iti es for e l m c rowns. Also, two - band rat io images of al l comb in ations 
of the or ig in al data have been prepared . As illustrated in the o r a l pres 
entat ion of th i s paper , the d i g i ta l record i ng techn i ques appear to i mp rove 
the information content of the orig i na l image and facilitate disease 
detect ion . 

Th e d i scriminant analys i s techniques under i nvestigat ion involve the use of 
tra inin g data for healthy and d i seased trees to develop a linear function 
for c l ass ify in g arb itrary p ixels in to e ither of the c l asses based on the 
dens iti es observed . Space prec ludes qetailed descr i pt ion of th i s procedure, 
but the oral presentat ion of th i s paper descr ibed the methods be i ng used 
and the results be in g obtained with th i s method . 

IV. - - CONCLU SIONS 

Based on the results of these case stud ies, the following gene r a l conc lu
s ions have been reached: 

1) The fu ll potent i al for study in g dec lin e- type tree st ress from 
aer ial photography can be evaluated only when the stress cond i
t ions are expressed quant i tat i ve l y . Gi ven the comp l exity of 
stress man ifestat ions i n urban environments , some means must be 
provided for reducing the l a r ge set of symptoms observab l e on the 
gr ound to a workab l e and meaningful set of stress indexes . In the 
Syracuse study , factor ana l ys i s was found to prov i de an effect i ve , 
rational means for do i ng th i s . 

2) Color infrared film has been shown statistically to be generally 
super ior to co lor f il m in the stress quantif icat ion process (due 
pr ima ril y to the influence stress has on infrared and red reflec
tance of stressed trees) . 

3) Exposures and ratios of exposu res, extracted from sensitomet ri cally 
ca librated film and used in mu lti pl e regress ion models, can pre
dict se l ected stress indexes as reliably as they can be estimated 
through ground observation in decline studies . 

4) The success of any aeria l photog r aph ic stress pred i ct i on effort i s 
highly dependent upon t he r a infa ll cond i t ions pr ior to the acqui 
s i t ion of the photography. While under the 11 drought11 cond iti ons 
of the 1975 study in Syracuse , fol i age stress was prev i sua ll y 
detected from the photog ra phy . Attempts at quant ify in g stress 
fr om pho t og raphy taken short l y afte r periods of excess i ve r9infa ll 
were far less successful . 

5) In d i v idua l c rown del inea ti on and spec i es recognition i s often done 
most eas il y in urban tree stress stud ies using 11 l eaf- off11 photo
graphy for this purpose. 
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6) Efforts a imed a t de tect i ng Dutch El m Di sease us i ng conve nt iona l 
i nte r pre t at ion we re onl y mode rate l y s uccess ful . Di g i t a l i mage 
cont rast en hancement , r at io ing , and d i sc ri mi nant ana l ys i s improved 
upon d i sease detect ion. Additi ona l resea r ch i s cont inui ng i n th i s 
ve in . 
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