Describing Signatures: aKey to Successful use of Remote
Sensing for Forest Damage A ssessment

Descrevendo Assinaturas. a Chave para o Uso Bem Sucedido do
Sensoriamento Remoto para Avaliagdo dos Danos Florestais

WilliamM. Cieda
Abstract

Forest damagecaused by avariety of agents: wildfire, dimatic events mammas,
insectsand diseasesis often highly visible and can be assessed by remote
sensing. Certain characteristicsof the damage, as seen viaremote sensing,
can provide cluesto theidentity of the agent(s) responsiblefor the damage.
Theseincludetheability to recognizethe host tree(s) affected, color and texture
of thefoliage of affected trees, distribution of damage, Size of affected trees
and portion of tree crown affected. Examplesareprovided fromthe United
Statesand southern Brazil of how combinations of these characteristicsare
helpful intheidentification of damaging forest agentsduring aeria sketchmap
surveys, interpretation of largeto medium scale aerial photosor airborne
videoimagery.
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Resumo

Danosflorestai s causados por umavariedade de agentes: incéndios, eventos
climaticos, mamiferos, insetos e doencas é frequentemente muito visivel e
pode ser avaliado por sensoriamento remoto. Certascaracteristicasdo dano,
COMmo Vistos por sensoriamento remoto, podem proporcionar indiciospara
identificar o(s) agente(s) responsavel pelo dano. Estasincluem ahabilidade
em reconhecer a(s) arvores hospedeiras afetadas, acor etexturadafolhagem
daarvoreatacada, adistribuicdo do dano, o tamanho dasarvores afetadas e
aspartes da copaafetada. Exemplos séo fornecidos dos Estados Unidos e
do sul do Brasil de como as combinagfes dessas caracteristicas sio valiosas
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naidentificacdo dos agentes causadores de danos durante oslevantamentos
aéreosexpeditos, ainterpretacéo defotografias aéreas em escalasgrandesa
médias ou deimagensaéreasde video.

Palavr as-chave: mapeamento aéreo expedito; assinaturas, danosflorestais;
sensoriamento remoto.

I ntroduction

Forestsare subject to damage by many forces, chief among thembeingfire,
insects, diseases, mammals, parasitic plantsand storms. Damage caused by some of
these agents, especidly thosethat kill treesor damagethefoliage, isoftenvisiblefromlong
distancesand, therefore, can be assessed viavariousremote sensing technologies. Certain
characterigticsof forest damage, when seenfromsmall aircraft, onlargeto medium scale
aerid photosor other high resolution remote sensing products can enable aerial observers
toidentify, with reasonable accuracy, the causa agent(s) responsiblefor thedamage. Ability
to recogni zethese characterigtics, or signatures, iscritical to the success of aerial forest
health surveysconducted annually inthe United States. Recently, detailed documentation
of forest damage signatures has been summarized for the forests of thewestern U.S.
(Cieda2006). Thepurposeof this paper isto describethe common aeria signatures of
forest damageinthe U.S., with emphasi son damage caused by insects and diseases, and
discussopportunitiesfor signaturerecognition of forest damagein southern Brazil.

What isa signature?

A signatureisasignd that cons stsof one or more unique characteristicsthat
can be used to identify something - an object, aperson, etc. A person’sname, writtenin his
or her own handwriting, is the classic example of asignature. Because everyone's
handwriting isunique, people areidentified by their signatures. Another exampleof a
signatureisthetheme music played at the beginning of aradio or TV show. Thetempo
and mel ody of themusic, often composed especidly for that show, identifiesthe show to
thelistener. Inthe context of forest entomol ogy, the galleriesengraved by bark beetlesin
thecambium layer of host treesarereferred to assignatures. These patterns, in combination
with the host tree attacked, are usud |y sufficient to permit identification of the bark beetle
at least to genus and sometimesto species.

Aerid sgnaturesof forest damage caused by insects, diseaseand other factors
aregeneraly defined by two parameters. the crown characteristics of thetrees affected
and the appearance of the damage.
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Crown Characteristics of Trees

Some damaging agents, especiadly forest insectsand diseasestend to be host
specific. Therefore, the ability to recognize tree speciesor at least speciesgroupsis
essentia to therecognition of forest damagesignatures. By identifying fromtheair thetree
gpeciesand forest types present in the areas surveyed, the observer can narrow the complex
of potential damaging agentsthat could be present. Crown characteristicsused toidentify
healthy tree species or speciesgroupson medium or large-scale agrial photographsarea
combination of foliagecolor, crownform, crown margin, branch patternsand foliagetexture.
These characteristicsare especially helpful for recognition of speciesand speciesgroups
(e.g. white or soft pines) in the coniferousforests of thewestern U.S. (CIESLA, 2006,
figs. 1-3, table ).

L ocation of trees and forest types, relative to landscape features such as
€elevation, agpect and proximity to water isalso helpful inidentification of tree speciesor
Speciesgroupsviaremote sensing.
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Figures1. 1. Descriptors of tree crowns used to aid in identification of tree species and species
on large-scale vertical aerial photos (HELLER et al., 1964). 2. Crown shapes of
common western U.S. conifers. 3. Vertical views of crown margins, branch patterns
and foliage textures of several western conifers (CIESLA, 2006)
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Table 1. Crown characteristics of commonly occurring conifers in western forests as seen
from low flying aircraft or on large- scale color vertical aerial photos*

_'*ﬂh ar iﬂ.‘qt color E'Ern form E'E'-:n in-'l. r&,
gpecies group mEEIn patiern tEiare
Porderosa Yallow-geen  Broadly Fimabe Indss tmct & mall chumps
prefeffey rourded
ez caaler
puE
Ledgepole Olrve-green Harmowly S1mute Indas et Very small
e roumdad chistps
Westernwhite Elus-gresn Broadly Lobed Indss tinct Firm
and mugar rouanded
piEs
Lurbar pum Blus-gresn to  Brosdly Lohed [ndas tinet Firm

EFAY EEReH rounded
Colorsds Oilove green Broadly Lohed Indss et Fime
bgis flecone rourded
P
Faion pie Crark gmen Broadly Serrate Indss binct £ mulll chymps
rosanded
Dhonag L iy Grapgmentc  Aculk Simats 80 [ndas tinet Varah s
madmm gresn ched (Foung trees)
Crstinct
(ol fmes)
Elus spnsce Elus-gresn Arute Serrate Layered Fire-mednm
Emgolmann Grapgmen Acumumate =  Serral Lavered Fum-mednm
IpTace acate
Grand fix Grean Acuts Farrate Laysred Firm
Whate i Bluae-green Amite Serrate Laprered Fire
Subalpine &r Dark gmanic  Acumurais Fimmly semraie  Layeoud Fimm
dadk blae
gEen
Westernloch  Light gmen Acute o Lobed Dastinct Fime
marmw Ly scemggly
rosanded branches
Wastermn Drark gmen Aruts Lobed-parted  Dhstinet Fire
o mlock s lspole®
patiem
Port Crfbrd Tellow-green  Broadly Simiake Indss simzt Lacey,
caday roumded transpacs
hampers Grapgmen, Biroadly Entirs fo Indas imet Fire
b gwman or  rourded Firmats
dask presn*™

* Based on data from Ciesla and Hoppas (1990), Croft et al. (1982) and author’s experience

** Juniper cones are typically blue in color, therefore heavy cone crops can give trees a blue cast
regardless of foliage color
Source: Ciesla (2006)
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Damage Char acteristics

Characteristicsthat can be hel pful inmaking an aerid diagnosisof the causal
agent responsiblefor thedamageinclude:

- color and texture of the affected crowns;

- distribution of damage;

- Sizeof treesaffected;

- portion of thetree crown affected.

Crown Color and Texture

Most tree damage caused by insectsand diseasefirst appearsasachangein
the crown color. Thefoliage of treeskilled by bark beetles or other treekilling pests
changesfrom greento yellow, orange, red or brown. Thisprocessisreferredtoasfading
and dying trees, especialy conifers, arecalled “faders.” Thecolor of fading providesa
cluetotheidentity of the affected trees. For example, thefoliage color of ponderosa
pines, Pinus ponderosae, killed by bark beetlesfadesfirst from greento yellow-green,
progressesto astraw yellow, and becomesdull red-brown before dropping fromthetrees
(fig. 2, in this paper all the photos are in color). Lodgepole pines, P. contorta, fade
differently. Lodgepole pinesfadefirst to yellow-green then progressto red-orange and
red-brown beforeneedlefal (fig. 3). Thecolor differencein fading isstriking between the
two specieseven when attacked by the same bark beetle.

Figure 2. Group of Pinus ponderosakilled by mountain pine beetle, Dendroctonus ponderosae.
Yellow green to yellow orange crowns were attacked one year ago. Trees with dull
red brown crowns were attacked two years ago
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Figure 3. Lodgepole pines, P. contorta, killed by mountain pine beetle, fade to a bright red-
orange color

Douglas-fir fadesto ared hue and trees attacked during the same year can
fadeat different rates. Grandfir, Abiesgrandis, and whitefir, A. concolor, fadeto ared-
orangehue. Subalpinefir fadersarered. Thefading foliage of truefirscan remain ontrees
for threetofiveyears, gradually changing to red brown or even apurple hue. Spruces
attacked by bark beetlesare often difficult to detect becauseinitialy they fadeto apale
yellow-green color, yet needlescan drop fromtreeswhilethey aretill green. Regardiess
of speciesinvolved, al treessuffering foliar injury typically take on ared-brownto gray
hueand their crowns often appear thin (fig. 4).

Distribution of Damage

Occurrence of large bark beetle spots (50 to >100 trees) isusually agood
indicator that species of Dendroctonus (e.g. mountain pine beetle, western pine beetle,
Douglas-ir beetle, sprucebesetle) areinvolved, whereassmaller groupkills (1 to S0 trees)
tend to be caused by ipsengraver beetles (Ipsspp.) (fig. 2). However, thisrule may not
hold truefor Dendroctonus beetles during the early stages of outbreakswhen smaller
group killsmay be present. Moreover, severa speciesof ipsengraver beetlescan become
aggressiveand causelargegroup kills, especially during periods of prolonged drought.
Somebark beetles, such asipsengraver beetlesin pine, or fir engraver, Scolytusventralis,
intruefir typically cause ascattering over aninfested areaof either singletreesor small
groupsof 2to 50 trees.
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Figure 4. Brown to gray colored, thin crowns are an indicator of defoliation or foliar injury.
In this photo, aforest of Douglas-fir, Pseudotsuga menzeisii, has been defoliated
by Douglas-fir tussock moth, Orgyia pseudotsugata.

TreeSize

In some cases, the size of thetree affected can offer aclueto theidentity of
thedamaging agent. Some species of bark beetles (e.g. western pine beetle, Douglas-fir
besetle) typically attack largematuretrees. Others, such asthe Douglas-fir engraver beetles,
Scolytus spp., and ips engraver beetles, Ips spp., in lodgepole pine, prefer to attack
smaller, pole-sizedtrees. Subapinefirsof al sizescan bekilled by either westernbalsam
bark beetle, Dryocoetes confusus, or balsam woolly adelgid, Adelges piceae.

Portion of Crown Affected

The portion of the crown affected also can provide cluesto the causal factor
responsiblefor the damage. Bark beetles of the genus Dendroctonusattack themid and
lower boles of their host trees. Consequently, when trees die the entire crown fades.
Some speciesof ipsengraver beetles prefer thin bark and initiate attacksin the upper
quarter, third, or half of the crown, causingtopkill (fig. 5). A similar attack pattern can
occur with Douglas-fir engraver beetlesand fir engraver, Scolytusventralis. Topkill is
usually most apparent on large treesgrowing in open stands, but isoften difficult to see
from operationa aeria survey flying heights.
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Figure 5. Upper crowns of Abies concolor killed by the bark beetle Scolytus ventralis

Foliagefeeding by insectsoften beginsin the upper crown and, during heavy
infestations, can progressdownward until theentire crownisdefoliated. However, the
reverse holdstruefor thelarvae of at |east one species of defoliator indigenousto the
western U.S, thewestern hemlock looper, Lambdina fiscellaria lugubrosa, which feeds
initially in the lower crowns of host trees. In Mexico, Evita hyalinaria hyalinaria, a
defoliator of Abiesreligiousa, also beginsfeeding inthelower crownsof host trees.

Other Factorsthat I nfluencethe Appear ance of Damage

Peak Occurrence of Signatures

Dataon forest damage should be acquired when damage signatures are at
their peak, asdefined by the seasond history of thedamaging agent. Thisisespecidly true
for those agentsthat damagefoliage. Failuretoidentify theoptimum survey window could
result dataacquired too early, beforeall of the damage has occurred, or too late, when
damaged foliage has been washed from trees by rainsor ismasked by new growth. In
western forests, most of theimportant damaging agents can be mapped during July and
August aspart of an“ aeria overview survey” (MCCONNELL et al., 2000). Thereare
exceptions, however. Damage caused by larch casebearer, Coleophora laricella, on
western larch, Larix occidentalis, occursearly and peaksinlate June. Foliar damage
caused by Swissneedle cast, caused by the fungus Phaecryptopus gaumannii, in coastal
Douglasir forests of Oregon and Washingtonisat itspeak in May immediately prior to
bud burst.
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Light and Shadow

Light and shadow can have significant effectsontheability to discern subtle
differencesin damagesignatures. During mid summer (July and August), dataacquisition
can be done on most days from about 8:00 AM to 4:00 PM provided that turbulence,
afternoon thundershowersand cloud cover arenot limiting factors. Damage on east facing
dopesismorevisibleduring the early morning hours, whilethey arein direct sunlight and,
conversaly, west facing d opesduring the afternoon.

Cloudscan reducetheamount of sunlight that strikesthe survey area, but less
light isnot dwaysdetrimenta tothesurvey. High cirruscloudscan diffusesunlight, reduce
the sharp contrasts characteristic of full sunlight, and make damage signatureseasier to
classify. Onthe other hand, cumulus clouds can cause dark shadowsinterspersed with
brightly lit dopes, thereby making signatureslessvisible. Late afternoon thundershowers
and atmospheric haze can significantly reducevis bility and image qudity, thereby making
it difficult to detect and classify forest damage signatures (MCCONNELL et al., 2000).

Background Noise

At certain timesof theyear phenomenamay occur that mask or mimic forest
damagesignature. Theclassic caseisthat of fal coloration of deciduoustreesin September
and October. Undoubtedly the most confounding intemperate and austral forestsisthe
brilliant fall coloring of deciduous broadlesf trees. In someareasof theU.S., deciduous
conifers, such aslarches, Larix spp. inthe northern regionsand bald cypress, Taxodium
distichumin the Southeast can cause similar masking of forest damage. Spring bud burst
a so produces myriad colorsand could mask attemptsto map certain kindsof foliar injury.
InBrazil, an abundance of brightly colored flowering trees could possibly mask damage
sgnatures. Latespring frogts, especidly in broadleaf species, can causeasgnaturevirtualy
identical to that of defoliating insects. Heavy conecrops, especially on spruce, can cause
the upper crownsto have abrown cast, which can mimic defoliation or treesfading dueto
bark beetle attacks.

Applicationsin Southern Brazil

| dentification of Tree Species

Theforests of southern Brazil are considerably morediversethanthosein
NorthAmerica. However, many of the conceptsof tree speciesidentification used during
aeria sketchmap surveysor onlargescae, high-resolutionimagery can beapplied. The

162



CIESLA, W. M

dark green, broad umbrella-like crown of Araucariaangustifoliaiseasily recognized.
Thefinetextured foliage of bracatinga, Mimosa scabrella, waseasily detected during
aerial sketchmap surveys conducted in Parandand Santa Catarina States. Eucalyptus,
Pinusand other plantationsarerecognized by their moreor lessregular geometric patterns,
even texture and thefoliage col or of the speciesinvolved.

Damage Signatures

Work in southern Brazil, as part of an EMBRAPA/USDA Forest Service
cooperative program to introduce aerial sketchmapping for assessment of thewoodwasp,
Srexnoctilio, hasled to therecognition of anumber of distinct forest damage signatures
(CIESLA et a., 1999, 2002, CIESLA and JOHNSON 2001, de OLIVEIRA et d.,
2004). Theseinclude:

1.  scattered treemortality in plantations of Pinustaeda characteristic of
damage caused by the European woodwasp, Srex noctilio, which hasbeen apest inthe
south of Brazil since 1988 (fig. 6);

2.  scattered killing of topsof treesin plantationsof pinesand Araucaria
angustifolia caused by an indigenousmonkey, Cibusnigritus(fig. 7);

3.  ydlowingor chlorossof foliagein pineplantations. Inat least onearea
of plantationsin western Parana State, thissignature has been linked to infection by aroot
infesting fungus of the genus Armilaria (fig. 8). However, other factors, such as soil
nutrient deficiencies or feeding damage by arecently introduced complex of giant conifer
aphids, Cinara spp., could causeasimilar damagesignature;

4.  somegroup killsin pine plantationsranging in sizefrom 5-20 trees.
These closaly resemblethe classic signature of damage caused by bark beetlesin North
America(fig 9). Althoughthissignature has not been investigated, someworkersbelieve
that it may betheresult of lighting strikes;

5. Abrowndiscoloration and thinning of thefoliage of theindigenous
conifer, Podocar puslambertii caused by acombination of aneedlefungusand defoliation
by caterpillars (Geometridae);

6.  Frostinjury tofoliageof Eucalyptus.

Additional opportunitiesexist for defining forest damagesignaturesin Braxzil.
For example, is foliage loss caused by infestations of the red gum lerp, Glycaspis
brimblecombel, recently introduced into portions of Sao Paulo State and other states of
Brazil (LUTINSKI et al., 2006) sufficiently visibleto be assessed viaaerial sketchmap
surveysand/or obliquedigital aeria photos?
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Figure6. Scattered tree mortality in aPinustaeda plantation caused by infestations of European
wood wasp, Srex noctilio

Figure 7. Top kill in an Araucaria angustifolia plantation caused by stripping of bark by the
capuchin monkey, Cibus nigritus
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Figure 8. Chlorotic or yellow foliage on Pinus taeda associated with a root infesting fungus,
Armillaria sp

Figure 9. Small group of dead and dying Pinus taeda in a plantation. Cause unknown

Conclusions

Forest damage caused by avariety of factorsincluding fire, insects, diseases,
mammals, parasitic plantsand sormsishighly visibleand can be mapped using avariety of
remote sensing technologies. The characteristicsor signatures of much of the damage
observed during aeria surveyscan provide cluesto the causa agent(s) responsiblefor the
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damage. Theaeria signaturesof forest damage used to identify these causal agentsarea
combination of the characteristicsthe host trees affected and the pattern of damage. These
have recently been documentedin detail for thewestern US. Someforest damagesignatures
intheforestsof Brazil have been characterized and opportunitiesexist for further work on
Brazilianforest damagesignatures, especidly for forest plantations.
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