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INTRODUCTION

The 4orest managen needs to monitorn and recond the status of the
jorest nesounce jor changes which have oceurred, and these changes that
ane Likely to take place. Knowledge about jorest insect damage may
affect decisions on the amount 0§ allowable cut, plans jor the onderly
hatwvest of timber, salvage operations of dead on damaged meterial, and
the control of insect outbreaks.

Because timben montality is typically scattered .in erwratic jashion
over vast and often {naccessible arneas, monitoning {nsect damage L3
usually a difjficult and expensive task. O0ffen, high costs can be avoided
by using aerial photography, which covers ground more gquickly and cheaply
than jieldwork, yet provddes a pewmanent recond of damage.

Information gained from aernial photography includes detecting,
Locating, estimating damage, and estimating the capacity for future
damage.

This repornt concentrates on the use 0§ nowmal color §iims in
aerial phetogrammetry primernily because Lt has been the most used and
neliable method o detect mountain pine beetle damage (Wean, Pope, and
Onn, 1968).
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Chapten 1

HISTORY AND USES OF REMCTE SENSING IN FORESTRY

The Zenm nemote sensdng, defined by Parken [1962) as the collecition
0§ data about objects which are not in contact with the collecting device,
was 4inat used {n the United States about 1958, In forestry practice, the
term 45 neatrnicted to the collection of information ghom a sipace-platiomm
such as fixed-wing aireraft, helicopter, on satellite (Howard, 1975).

In 1887, a balloon was used to take aerial photegraphs of 4orests
containing beech, spruce, and pine and the technique was advocated {n 1919
2o invendony oun national jorests. The value of aerdial photography jon
forest sketch-mapping was established by the beginning of lonld Warn 11
using black-and-white panchromatic {ilm with a minua-blue gilter which
minimized Liaht scattering at thonter wavelengths. Histerically, Lenses
with a jocal Length of 152 mm and 205 mm have been used widely jor jorest
phote-interpretation, and curtently universally used with & 23 em jormat.
Occasionally, Lenses of 254 mm on 365 mm jocal Length are prejerned.

Remoie sensing in fonestry invoives a wide variety 0§ equipment and
techniques, including mulii-band or single-camera photography, and
injraned black-and-wnite, injrared colon, noamal cofor, and panchromatic
black-and-white §ilm. Other methods .involve optical mechanical scannerns
such as ouxr landsat and Earnth Rescuwrces Technological Sailellite; these
utilize themmal ingrared imagetus and Side-Locking Radar (SLAR/SLR)
meadwriig the microwave part of the electromagnetic spectum,

Becauwse 4in many cases the {nsects have Left the tree by the time
damage .bwmea visible {nom the air, aewial phoiography was nei develeped
to detect initial damage (previsual damage] ox evaluate A{ze of insect



populations, Aernial photos oiten are used fo estimate tree montality,
detfermine damage Locations, detect damage inends from insect species
such as the guwsy moth, spruce budwonrm, tussock moth, and southern pine

beetle, and detfermine the need for on hesults of {nseet control measures.
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Chapter 2

THE MOUMTAIN PINE BARK BEETLE

The mountain pine bark beetle, Dendroctonus ponderosce, Hopkins,
has plagued the Front Range of Colorado 4orn the past several yeans.
Several theusand pines are hilled each year by this bark beetle and the

fungd it carries; and the epidemic shows no signs of abating.

The beetle's nance as desciibed by McCambridge and Troastle (1972)
coverns a wide area from the Pacific Coast eastwarnd through the Bilack HLLLA
03 South Dakota and grom rorthern British Cofumbia Lo northwestern Mexico.
128 habitat varies in altitude §rom 2,000 feet in the nonthern Latitudes
to 11,000 feet in southern Californic.

In Colorado the inseet attacks mainly pondercsa and Lodgepole pines;
but western white, sugan, whitelank, Limber, pinyon, bristlecone, and
foxtail pines are additional known hosts. ALthough broocds are not pro-
duced in spruce and fix, they may be.occasionally attacked and hilled
duning outbrneaks. Beetle attack alone may hiLE the host tree, but these
beetles frequently carnuy a blue-stain fungus belongding ic the genus
Ceratostomella which also contributes to the death o4 trhees. Sapwood 04
infected trees turns blue as a nesult of a chemical reaction bedween the
wood tissue and the toxin produced by'.the fjungus. Salvaged wood may be
Leas valuable because of this blue stain, Epdidenics occurn every 20 Lo 40
yeans within a specified pine forest and may Last six o eight yearns.

Because of the wide distrnibution of the beetle, thetre are wide
variations in its Lige history. Nommally there is one beetle generation
annually in most of its range. Two and a partial thind generation ray
develop in warmern climates below an altitude of 7,000 feet. 1In the cofdest



areas cf L8 nanae the Life cwale man teowine Ao ueans.

Adiult female heetles atfack new frees Lnem Tune to Sentemben by
borine through the bark to the cambhiwn area, then tunnelflino urvands
along the Ainnen bark, seonina the sapwood sfiahtlu as *then ferm aallenies
{nom 12 to 37 .inches fLong, The mafe heetle enters the partialluy corm-
pleted aalleny and mates with the f{emale. The {emale coniinues o bore
uprard, faydina eaas in individual niches along each side cf *he galleru.
Aftern about tivo weeks, a vellowish-ihite Lorva hatehes 4{nom each ega.
The farvae, which have jout instars, feed on the inner bark (rhloem) in
individual tunnels which aenenally extend at riaht anales to the eac
qallfenies. (hen the fornvae ane fullu devefoped theu excavate shalfow
oval cells, where theu purate and fater chanae into adults, ‘lature
beotfes ane abhout & mm Long. They emerae elthen Lrom these cells cn
from interconnecting cavities by honine through the outern harnk suriace
and {Ly to attack new trees o beain another cenenration,

Whife the beetles have been developing in the bark cf the duying
pine tree, the funaus has been grovdng, producina vegetative ghowth and
asexudl spores in the aalferies 04 the heetles. (hen the adult beetle
Leaves the tree in which it devefoped, Lt may be cariuino spones of this
fungus and lill inthoduce them dinto the new host Lt successi{ully attachks.
This starnts a no injection.

Reetle attachs are concentrated 4rom neat ground fevel up to where
the main Zhunk {8 neduced to a fowr inch diamefer. Scme ofder thees may
be attacked on the Laraen Limbs. The 4inst evidence of attack are the
presence ¢} piteh tubes on the fhrunk marking entrances and hetring dust
chound the tase of the trhee o1 An hank crevices, Tuwo tupes of piteh

tubes exist: the dny hit, small and brownish from the Low euantity of

1 ]



pniteh with the borning dust and wsually indicates a successjul attack by
a gemale beetle; and the pitchoul, Larger and mostly creamy-white in colox.
The second type indicates a highen pitch econtent and in this case the tree
may nemadln healthy by repelling the insect from the cbundant §Low of piten.
ALL pitch tubes are §rom one-quartern o more than one {nch 4in dicmeien.

(Uthin a fev weeks azfer a successful attack, the blue stain in the
wood caused by the toxin produced by one 04 the jungd in the genus
Ceratestomelfla, cariied by the beetles appearns just undern the batk,

The funnelling of the beetle in confjunciion with the texic effect of the
fungd cause the death of the trees (Roe and Amman, 1970). The foliage
0f 4infested trees begins to jade §rom green to yellow to reddish-brown,
wsually in the sprning jollowring an attack the previcus suwmmer, It is
this colon change which {5 obsewved in aerial celon photegraphs., A
sujficient number of beetles fhom each injested tree can successfjully
attack Zhree Lo five naw trees (Pollock and Pellock, 1977).

Infestations nonmally ocoun in frnees over six {nches in diameter
at breast height; however, smaller Thees may be killed under heavy
ingestations (Pollock and Pollock, 1977},

During an epidemic, Tree meriality {increases jrom about 9.5 thees/
acke nitially, to a peak 0§ over 25 trees/acre in three on jour years,
and then declines to Less than 0.5 Zrees/acre duning the next fwo on
thhee years. The Losses nange grom 60 percent of the 12-inch class o
abeut 90 percent of the treea which are eighteen inches on Largex.

Total stand montality may average 33 percent,

Duning the 1960's, 4in the Pacific Nonthwest, outbreaks of £0,000
acnes cccuvned annually, In 1973 an estimated 440,000 Zrees wene hilled
in the Black Hills of Scuth Daketa.



Outbreaks of mountain pine heetle ranely develop suddenfy., Starting
{inst as scattened small groups, successive beetle aeneraticns hill nedan-
boring thees, thus enlanrgding the patches of dead thees cver sevenal wearns
until as many as 1700 adjacent trhees are hilled per vean (Sarnhrell an”
Stevens, 1975).

Confrol technioues may involve the §elling, burnina, and salvagina
0f indested irees, thinnina to neduce stand density and promote arowth,
and the use 04 resticides such as Lindane, ethulene dibromide, and

cacodylic acid,



Chapter 3
AERIAL PHOTOGRAPHY

Aerdal photography is catagonized as vertical on obLigue.
Vertical photography is taken with the optical axis of the fens in a
vertical on near vertical position at the time of the expesurte, and is
the methed nommally used when nemote sensing jorn mountain pinz beetfe
damage. When the optical axis c4 the Lens Lis Lintentionally tilted
sLightly horizontal with the ground surjace Lt is called oblLigue photo-
graphy.

The fwo types of scales common fo aerial photoghaphy are scale
fraction and nepresentative fraction. Scale fraction uses Linear uniis
in the photograph to reprnesent cithen Linear units on the ground, 4.e.

S = 4"/" and {8 read "scale equals six 4eet pern inch”.

Representative fracticn scales express the ralic between the
number cf units in ithe photograph and the number of the same units on
the ground, AL.e. 1:7000 means 1 Anch on the photograph represents 7000
Anchesr on the ground.

Infeamation gathered by the Remote Sensing Research (onk Unit af
the Pacific Southwest Forest and Tange Experiment Statian has found thal
wita the mouniain pine bark beetle color injraned and nowmal cofor are
comparable at scales of 1:15,840 on Langer in detecting {nfestations:
howevenr, colon ingrared i8 betten when smallern scales atre used. 13
single trees need Lo be detected, normal color or color injrared at the
1:8000 scale should be used, The most efficient scale o use, 44 small
Anfestations can be cverlooked, 48 a scale of 1:32,000. Although

previsual deteetion can not be determined with nommal color on color



nfrored, epidemic trends and proghess can be mapped annually (Heller, 1274).
Image movement (due Zo the motion 03 the aircrajt when at high speeds
on Low aliitudes) is noit usually a factorn of rnemote sensing jfor mountain

pine beetles because 0§ the small scales used.
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Chapter 4
REMOTE SENSING METHODS WITH COLOR FILM

One of the §inat attempts to use color photographs to determine
mentality from mountain pine bark beetles was done by Heller (1968).
Combining colon photos with injrared colon photographs and optical
mechanical scanning dmagery, Hellen tried to obtain previsual detection
03 pondercsa pine tree mortality. Ghround measwrements wetre also iaken
0§ beetle populations, numbers of injested trees, folicge colorn, joliage
internal temperatures, needle moisture tensions, transpiration, solar
nadiation, soil meisture, airn temperatune, humidity, and wind velocity.

ALL aerial photoghaphy was taken with fwo 70 mm Mauer, KB-8A,
cameras equipped with 150 mm Schneider Xenotar Lens. The fwo camenras,
ampulses sinuwlianeously by an Abrams CP-3 intervalemetern, gave identical
photo coverage of the two {ifms. Photography, at a scale 04 !:1584, was
perjormed from an Aero Commanden 5008 ainplane {Lying at 100 miles per
noun with a 69 percent overlap for steneoscopic coverage. Shuttern speeds
were 1,000th second orn fasten to reduce Jrage moilion. Kodak Ektachirome
and Anscochrome D/200 colon fifms were used.

Photographs wenre faken srom Yay through August. ‘!lav was the
earliest any neliable interpretations could be made on colon §iLms.
Eanlien detection of injested trees s needed §or control programs Zo be
most efiective. Because color changes were more evident as the season
proghessed, Literpretation errons decreased duiing the photocraphing
period.

In 1970 K2ein (1973) used 35 mm colon g4&m at a 1:5000 scale and

Later Klein, Bennett, and Young (1979) wsed a 1:6000 scale Zo deteunine
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mountain pine beetle-Zilled estimatas.

Duning Kiein's 1970 project all photographs wene taken jrom a
Cesana 182 jixed-wing aincraft using a Nikon F with an Auto-Nikkat 85 rm
Lens and Nikhan LIA gilter. The projects conducted by KEein, Bennett,
and Young (1979), Hostetler and Young (1979), and Heller and lear (1949)
used the Aerc Commanden on Cessna 180 fixed-wing aincragi with a Zediss
RUK 21/25 aeriak camena with scales of 1:6000, 1:6000, and 1:5000
respectively, F.ilm used in the above projects were either Ehrtacinome
50-397, Kedacolon-X, on Anscociviome D/200.

Other methods of evaluating insect damage should be used simul-
taneously with nemoie sensing suwweys Lo determine eredibility of data.
Ground trwth observations should be taken to caleulate a sampling error
at a selected confidence Level, usually fwenty-give percent at cne stendand
deviation. Ground checks should be built into damage assessment whether
they are made from Lange-scale colon photographs, visual observations
{8keteh mapping), on on-sdte visdits. Varnious successful technigues have
been neponted by {nwestigatons which include visual observation, aetrial
photoghaphy, nisk-nating vegetaticn, multi-siage sampling, and double
sampling.

' Multi-siage sampling 48 the use 04 coarnse resolution {magery at
the 4inst stage and finer nesolution imageny in succeeding stages,
This cencept was jinst developed in 1988 {(l'ent and Roettgering 1948,
Hellen and Wean 1969) at the Pacific Scuthwesi Forest and Pange Experiment
Station, Berheley, California. The jimst Level of information 45 from
satellites, hign-4{Light aincraft, on sketeh maps made by visual cbservess.
Daia jnom sketch maps may then be used to stnatify the infesied area into

© blocks of Light, moderate, and heavy damage. Mulii-stage sampling 4Ls
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not dntended Zo be wsed fon eanly defecticr of naw single tree injestaticns,

Hellen and (ean (1969) used the multi-stage sampling method {n the
Blacikz HilLs 04 South Dakota. Sketch mapping was done during visual i2ights
with Low-4Lying airenaft. However, pletting accurccy was fairly Low,
about ity percent from small injestations.

The aecond siage consisted of one by ten mile photo strips with
three ground checks per stnip. Stratum were identified as: fe infest-
ations with no control, many injestations with some control, and many
infestations with no control.

Ground crews used the colon transparencies in the woods for
navigation to the .infestation. The number o4 ajjected trhees and thein
volumes were measwred,

Hellern and Wear (1969} alsc conducted controlled tests near the
same anea using Ldentical 70 rm Mawren cameras with colon and colon
Anfrared §4ilm at six decreasing smaller scales from 1:8000 to 1:174,000.
In the fwe yeans of testing no advantage in using inirared colon §4ifm
instead of colon §4ilm was discovered. HMore mistakes were made on the
Jalse colon film.

Multi-stage sampling and double sampling 1with regression were
fechniques used by Klein, Bennett and Young duning 197¢ 4 the Targhee
National Fonesi, ldaho and by Hostetler and Young in the Black HiLLs,
South Dakoia.

Double sampling with regression cnalysis is an efficient way of
combining photo and jiefd plot infommaticn inte an estimate of mortality
or damage. This method emplogys a sample within a sample. The {inst
sample consists of photo plots where Zhe montality and volume, {§ desitred,
is caleulated on each plot. Ground chechs from a pornticn of the aenial



rhotos arz compared with the resulis obiained grom the photo plots. The
photo and jield data provide the basis for computing a Linean reghession
expressing the nelation befiveen the photo and field measutements. This
regressdion i8 used to adfust the data {rnom the photfo sample .lo obtain
the §inal estimate of the montality or damage.

1t is rhobably pot better to use a doubfe sample suwtvey with
aerndal photos L§ the phofo plots are not substantially cheaper than the
§ield plots, on i§ the nelation betiveen the photo and §ield measurements
is poon.

The method of double sampling with reghession when estimating Zree
montality consists of the jollowing steps: (1) defining the area to be
sampled; (2) determining size and shape o plots; (3) estimating
numberns of plots needed; (4) establishing Locaiions of plots; (5]
obtaining aerial photes; (&) measwriing the morntality ox damaae on the
photos; (7) §ield cheeking a pontion of the plots; and (§) caleulating
the estimate for the total amount of montality on damage.

The decision on what area to be sampled is a fvo-phase proceduwre:
boundany delineation of the aeneral area, and determination of what
specifde aneas within the boundary are sampled.

Boundary delineation 45 best done i{nom an ainplane on helicoptet.
The area boundaries are sketched on a map, orn L4 the avrea iy not Zoo
Lorge, they can be marked on aerial photo prints. Ground checks should
be conducted to insure the damage or morntality 4is the Lype to be
sunvered, 1§ substantial damage is outside of the boundaries, the
boundaries should be nevised., PLot Location should be only where damage
on montaiity could oceuwr.

The end ncsult of the above fwo-phase procedure should be a



14

detailed map wiich snows the boundary, phote plets, and §ield plot sunvay
Locations, To assure a relationship between the vhoto and field measure-
ments of montality on damage the plois musi be Lidentical in size, shape
and Rocation.

Keein (1973) in his 1970 project used nineteen ground chechks in
areas hanging ihom 0.3 fo 4.0 acnres.

Hostetlen and Young (1979} selected photo plots of 90, 62.5, and
40 acnes for Light, intewmediate, and heavy strata hespectivels.

Square aceiats femplates were wsed Lo represent 90 aches on a nange o0f
dcales (1:5400 - 1:6600). Each template was divided inte 36 squanres
each #epresenting a 2,5 acre subplof,

In the above situdy fadens wene neconded gorn all 2,5-acre subplois
jorn The Light sinatum photo plots. Twenty-five and sixteen subplots
wene counted in the infewmediate and heavy strata respectively.

Twenty 2.5-ache ground check plots wene randomly sefected (without
nreplacement) §hem the photo plots of each stratum in the Hostetlen
and Young phofeck.

In Zhe project by Klein, Bennetft, and Young (1979) ithere were
fwenty pheto plots in the heavy stratum (more than 3.5 jaders/acre),
§48ty photo plois in the medium stratun (2.0-3.5 fadens/acne), and sixty
photo plots in the Light stratum (Less than 2.0 fadens/acre). Each phote
plot was gornty acnes (20 x 20 chains) {n size, and subdivided into
sixteen 2.5 acre subplols. Acetate tempfates with the plol and subploi
boundarnies, with a range of (sccu::e,a (1:5400 to 1:6600) were also used,

Ground Swth cornrelations wene establisned by using fventy 2.5
acre randonly selected plots within each of the three stxata.

Photo and ghound plots may be selected randomly on with a
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sysfematic ghid pattern.

An easy method of random selection £is by using hrandom numbers to
pdek a Township and then a section within it, The plot Location 4is the
centen of the section. Discarnd those plots that are not to be sampled.
The process 4is repeated until the numbers of nequined photo plot Locations
have been selected. Numbers one thhough thinty-six should sl be used
for those townships having Leas than thirty-six., HNo plot is used L
the selected section dees not exist.

A systematic grid of plot Locations should be used if many plois
are to be selected on if tne area 2o be sampled iy only a small porntion
of the ghoss area within the surwey boundary.

A systematic grnid is made by dividing the desined number of photo
plots into the total acteage of the areas actually Zo be sampled to get
the area nepresented by each plot. Gridline spacing 48 then chesen s0
the squanes they bound contain this number o4 acres. For example, a
ghoss arnea within the swwey boundarny is a million acres, but the total
acreage £o be sampled L8 only 750,000, 1§ one hundred photo plots anre
to be Located, each will represent 7,500 acres.

A gnid with the chosen .interval (5 then comstructed and Laid in
a handom position over the map showing the areas to be sampled., Each
grnid intersection that falls on av area to be sampled becomes a photo
ploit Location; the rest are nrefected.

The best Lange-scale on recent small-scale photos should be used
Lo mank the photo ploi ioca,tiom‘ jon orndienting the photo ecraw,

Locations on existing aerial rhoto pnints provide positive identification,

Adten establishing, photooraphing, and interpretating the pheie
plots, the 4iefd plots are selected, Field plot selection may be random
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on systematic, but it is best to jollew the same method used in the
selection of photo plots. Suystematic selection of {ield plots i
cbtained by dividing the number of photo plots by the number of 4ield
plots fon the sampling jraction. Then choose a rancom numbenr betiveen
ore and this number as a starnting point., Take the remaining plots at
intenvals of the sampling jnaction inom then on. Fon example, to
chocse twently field plois 4rom one hundnred phote plots, stand with the
handom numban between one and jive, then select every §ijth plet
theneajten. The jietd plots should be marked on maps orn photos fox
field crew gwidance (Wear, Pope, and Onr, 1946).

For a more complete desceripiion of doublfe sampling with
negnessdon and the Jowmulas involved, the reader may rejer to the wonk
done by Wean, Pope, and Onn {1966), by Klein, Bennett, and Youna (1979).
and by Hostetler and Young (1979).

"The interpreter should be adble to cnient photos jor proper
viewing, see the stereo image easily, and be able to distinguish tree
species. Experience in forest insect damage reccgnition is desinable.

"1§ sample plois are cff-center on nesn the edge of the vhotos,
sdmply shift the plot Location to the center 0§ the photos”, [leax,
Pope, and COrnn, 1965).

In genenal, it is easier to sepanate decd from Live trees with
colon f4fms than panchromatic piints. On the other hand, color prinis
are more expensive than panchromatic §ilm and panchromatic §4ilm is
easien to use sterecscopically m the gield than arne colon thansparencies.

Dead thees tend to phoitoghaph much Lighter than Live trees with
panchromatic §ilm, 1§ dead Znees have yellow, orange, cr red joliage
an orarge giliten used with panchromatic §ifm emphasizes the tone
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dijjerence and the distinetion bebveen Live and dead trees 4is made
eas.ien, A

The detection and identijdication 0§ tree damage and mortalily 4is
wsually mehe neliable in onz of the colon §4lms such as Anscochrome,
Ektachhome, and Ektacolon which show cbjects in their natural colonrs.

It is easier to separnate the yellow fo reddish browm colorn changes
shown by mountair pine bark beetle damage jrom the gheens of healthy
trees than to distinguish the color variations as shades of groy con
panchromalic puints.

"Photoghaphs produced from colon {.ilms come in two forms.
Anscochrome, Ehtachnome, (and Ektachrome Tnjrared) 4ilms become
positive transparencies which must be viewed by transmitted Liaht.
Ektacolon film is transfonmed into a negative transparency with colons
that ane complemeniany to the actual colons of the objects pheto-
graphed. From this negative it {s possible to make colonr transparencizs,
colon prints, on black-and-white prints,

"This geature of Ekhtacolor, besides making it versatile, has
several olner advantages. Coleor prints are more convendient to internpnet
than transparencies. Honzover, in the prccess 04 making a color print,
Lt 48 possible to exent some contrnol over the gereral colon balance and
density. On the ather hand, color prints, besides being very expensive,
doen't seem fo have quite the sharpness or colon saturation of
thanspanencies.

"Color prints are intenpheted with either a pociet on mirronr Lype
steneoscope. Colon transparencies must be viewed on a Light table.

"An 08d Deldl seanning starecscope with varniable magnification
and a senies of contrnollable Lights on the Light table is an excellent
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setup jorn interpreting transparencies.

"A grnid placed over the tramsparencies reduces the chance of ertox.

"The appearance 0§ dead or damaged £frees varies somewhat, althouah
fairly consistent patterns gor colon {48&m Lypes show:

a) Tree conditions in their actual cclors

0) Needleless rrees as purple

c) Trees without small twigs as ghray and thin

d) Trnees afien the Loss of small branches as snaglike” [lear, Pope,
and Onx, 1966). ‘

Santwell and Stevens (1975) reponted that color aerial vhotoaraphs
taken over natural and thinned stands of ronderosa pine in the Black
Hitls, South Dakota, ({llustrated the effectivencss of silviculiurally
neduceing the basal area o) dense stands. Invarniably, thinned ponderosa
pine stands were free of mountain pire beeile attack while in the natural
stands many infestations showed up on the photos, ojten to the venry
edges o4 the thinned stands. Replicated visual evidence Like this
convinces the jorest managen that thinning is the proper management
action to keep his penderosa pine stands iree of this pesi problem.
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Chapten 5
MORTALITY COMPUTATIONS

The procedures and formulas fon determining Lthe montality
estirate, sampling ernorn deteuninaticn, connelation coeffjicient,
sample size, and double sampling jor strnatijication are covered by
Wear, Pope, and Onn {1956).

Additional infomnation for estimating the relationship beteen
ground and phoio counts, the average volume per thee, the total volume
Loss, and standing dead volume is8 found in Klein, Bennett, and Young
(1979).

A helpiul neference for urderstanding the siatistical {ormulas
wsed L8 Snedecor and Cochran, Statistical 'Methods, 1973,
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Chapten 6
CBSTACLES TO GCCD PHOTOGRAPHY

Weather, ternrain, and sun angle may prevent photographs from being
taken when the damage shows up best and can affect thein cost and
quality.

The primany weather problem {8 clouds. Contrasts in colons are
neduced by Lowen Light .infensity. Phote projects can be delayed by
persistent cloud cover. Scaittfered clouds over photo points delay
photoghaphy and increase §Light time and photo costs. Daily weathenr
jorecasits should be checked including weather necords fon the average
numbert of cloudless days during the survey period,

Visibility can be obscured by smoke on haze 4nom forest {ires on
slash bunning, panticulanly .in velleys on basins where it tends to
concentrate.

Turbulence can oceasionally hinder aerial photegraphy, primarily
at Low §Lying heights when Large-scale photos are faken. Turbulence
ean be caused by ain cuwvients over the rough tevwadin in the meuntalnous
nange 04 the mountain pine bank beetfe. By using a Largen fens, which
permits nighen fLights, the problem of air turbulence may be minimized.

In addition to thie possible Zurbulence on doumdragt problems in
mounfainous areas, changes in elevation in short distances may be so
great that the scale of aerial phofoghaphy can vary, @hen these
conditions exist, the scale of photography must be decreased to permit
safe opernation at a higher altitude and an aerial camera with a Larger
gocal Lenglh Lens must be used 2o secune the desined photo scale,

Becaude a nigh sun angle and mindmum shadow result in maximum



Llumination of Thee crowns, thus jacilitating colon change
Antenpretation on aerial photos, photoghaphs for moniioring mountain
pine bark beetle damage should be taken beaveen 10 a.m, and 2 pm in
Late June through earnly September. Another facton, 4§ the swwey area
has many nosathenn sfopes, 48 that nonth-facing sfopes in steep tewrain
arne {lluminated fon shonter periods than othen sfopes {(Wearn, Pope, and
Onr, 1968).
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CONCLUSION

Remote sensding with color §ilms L8 a useful fool in foresiny
management to detect damage caused by the mountain pine bark beetle.

Baeause mountain pine beetle damage finst occuns in small groups
oy thees, Largen scale nommal colon photography appears Lo be the best
method jon detecting early outbreaks; however, medium scale colon
Angraned rhotoghaphy may be more effective and more economical in
detecting outbreaks of epidemic proportions and damage trends.

Medium scale [maximwn 1:30,000) high resclution color inirared
should be taken, as well as the Lange scale (T1:6000) color photoaraphy
to test the Lanrge fonmat §4ilm for use in stratifjication of different
damage intensity classes and direct sampling. This photography method
could Lower survey costs and amount of time spent conducting the sunrvey.
This should nreduce pepulation variance and overall Lower samoling erron.

Photo and plot selection should be made by using the probability
propontional to size procedure fo reduce the probability of selecting
plots which have zeno on Low counts. Aenial photos and ground plots
should then be sefected nandomly in each strata.

Hay 48 the eanlbiest £ime of wear when reliable intenpretations can
be made with colon §ifms, Because {oliage colon changes ane more evident
as the season proghesses, interornetation errons will dechease Laten in
the yean, Weathen, ternain, and sun angfe must also be taken into
consideration fon obtaining the most effective photos possible.
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The mountain pine bark beetle, Dendroctonus ponderosae, Hophing,

is one of the most destructive jorest pests 4n the westenn Unifed States.

Aerial photoghaphy with colon §ifms has been ithe mesi used and
neliable method in monitoning and necording £ts damage. Previsual damage
of insect populations can noi be detected with aerial photography:;
howevenr, estimates o4 thee montality and darmage Locations and trends
can be determined.

The main hosts of the beetle are ronderosa and Lodgepofe pines,
although other pines may also be attacked. Foliage cofor changes §nom
green 1o yellow to neddish-brown, usually a iear after a successful
attack, are observed in the aernial photographs.

The moazt ejficient scale of photography to use Li small
injestations can be overlooked 48 a scale of 1:32,000,

Ground truth observations should also be used with nemoie sensdng
suveys to detenmine eredibility of data. Successiul techniaues Linclude
visual observation, aendial photography, wisk-rating vegetation, multi-
stage sampling, and doubfe sampiing.

Colon transparencies, which are generally cheaper and have better
shanpness and colon saturation than colon prints, are best viemed with
an 0&d Delit scanning sierecscope.

Weather, tertrain, and sun angle must all be ftaken into considenation

to insune qualily photography and minimal ccsts.



