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Abstract--Forest health, vitality, and productivity are interrelated and are
mai nt ai ned by using sound forest managenent. There are sone standard

i ndicators that are nmeasured to assess the extent and severity of damage
inflicted by biotic and abiotic agents. Assessnment of these indicators using
af fordabl e nmethods is a subjective process. A video rangefinder instrunment is
presented here as an advance toward efficient collection of objective
conponents of these indicators. This paper describes how rapidly collected
gquantitative variables such as lengths, dianeters, |ight penetration, etc.
can be useful for applying sone existing sanpling nethods and all owi ng the
exploration of new nmethods that were previously considered intractable.

| NTRODUCTI ON

The concern for forest health, vitality and sustainable productivity has
escal ated since the Santiago Decl aration (Anonynmous 1995). Many projects have
collected this information on a project or forest stand basis. The Forest
Health Monitoring (FHM programw thin the USDA Forest Service has been given
the charge to collect, analyze, and conpile these data on national and

regi onal scopes.

The Tree Measurenent System (TMS) instrument is presented here as an aid to
accurately apprai se selected indicators of forest health. The TMS instrunent
is a multisensor device, which allows rapid collection of angle, distance,
and vi deo data. These data are entirely in digital formand are easily
processed by conputer progranms for further analyses. The TMS instrunent can

i nprove the accuracy and expedi ency of data collection for current indicators
as well as making the assessnent of other indicators feasible.

THE TREE MEASUREMENT SYSTEM | NSTRUMENT

The TMS instrunent consists of a standard format CCD camera, a 3-axis
magnet oneter (to neasure instrument orientation), and a |aser-rangefinder
(Figure 1 inset). The canmera records through the heads-up display that is
used to sight the exact |ocation of the |aser pulse. Video is recorded on a
portabl e video cassette recorder (VCR) via a standard vi deo cable. The VCR
has an | EEE-1394 “i.LINK" interface that can allow the video as well as the
range and orientation information to be witten to the tape sinultaneously.
This coordi nated data streamis not currently inplenmented necessitating the
range and orientation data to be witten to a nenory card. A customwitten
conput er program | ater accesses the range and orientation information from
this card to drive a video frame extraction algorithm These two data streans
are then synchroni zed.

Clark and others (in press) show that this instrument performs conparably to
standard optical nethods for determ ning stem volune and height. In this
study, dianeter, height, and vol une neasurenents were conpared to

measur enent s obtai ned using optical calipers and al unm num hei ght pol es.
Conventional caliper and tape neasurenents on a felled tree were used as the
true nmeasurenments. Dianeters were collected in 4-foot increments from 8 feet
to total tree height in addition to ground level, 1, 2, 4.5 and 17. 3-foot

hei ghts. Field data collection time was tremendously reduced using the TMS



instrument. It did not performas well for individual dianeters, however
nodi fications are being made to inprove results.
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Figure 1. Screenshot of the Tree Measurenent System program The inset in the
top right shows the Tree Measurement System instrument.

FOREST HEALTH | NDI CATORS

Various indicators have been identified in the Santiago Declaration (Stolte
1997) to assess the productivity, vitality, and health of the forest. Some of
these indicators include damage from agents such as insects, disease, exotic
species, fire, storm I|and clearance, permanent flooding, salinisation, and
animals. Some defined air pollutants are also considered. Soil factors,
nutrient cycling, pollination, seed dispersion, and the nonitoring of
organisns critical to the ecology of forest ecosystems are other itens
considered in the assessnent of forest health, vitality, and production
These indicators and the sanpling protocols for each vary wi dely.
Irrespective of the exact causal factor of forest health decline, reduced
foliage and change in crown architecture are early warning signs of decline.

Crown Metrics

Aside fromroots, foliage and branches are tenporary structures in the
allometry of trees. Roots may provide good information about tree vigor
however this sanpling nmust be perforned by destructive neans and is extremnely
expensi ve (Schreuder and others 1993). This is why crown netrics are favored
as indicators of tree health and vitality. Optical estimation has been the
primary nmode of collection for these data due to the difficult, tine



consunmi ng, or destructive physical methods. Of course, destructive sanpling
is prohibited for plots that are subject to nonitoring by repeated
measur enents.

Optical estimation of crown ratio has been shown to be highly variable
(McRoberts and others 1994). Gven that this metric is sinply a ratio of two
| engt hs, which could be easily nmeasured, it can be assuned that the other
crown netrics would be susceptible to an even greater |level of variability
and subjectivity. Variability causes problens when perform ng trend anal yses,
but it is not as serious as subjectivity, which may cause consi derabl e bias.
Variability is reduced in the FHM protocol by using a two-person agreenent
method. In this method two persons assess these metrics fromdifferent

vant age points. They both nmake and conpare their estimates. If the estimtes
differ nore than an agreed upon range they discuss their reasoning, or nove
to different vantage points until they reach an agreeable estinate.

Sone variabl es such as crown density, foliage transparency, |ight exposure,
and crown position require nmore human judgenent than many of the other
vari abl es. The TMS instrunent works by optical nmeans as well, so it is

vul nerable to some of the same issues of lighting and obscurity as a human

observer. The advantage of the TMS instrunent is the ability to objectively
measur e di stances, angles, and coverage. As such, it is helpful for the

i ndi cators nmentioned below and will allow themto be assessed with greater

consi stency.

Crown Di aneter—Points on the ground plunb fromthe edges of the w dest

di stance across the crown and the di stance perpendicular to this are nmeasured
using a tape. These distances are used to determ ne a neasure of crown

di ameter. Error can enter in determining the wi dest distance and in
determining points normal to the crown edge. Wth the TMS instrunent, the
operator can stand in one position near the tree Iength position of the stem
and neasure the distances to several apexes, provided that there is a clear
line of sight. Wth the conbination of a few vantage points a “circunference”
or a surface area can be determned that is nore informative than a dianeter
measurenent. In either case, the relative size of the crown will give sone

i ndi cation of crown conpetition, a nmeasure of |ocalized stand density.

Live Crown Ratio--The length of the live crown is neasured froma horizonta
line at the bottom of the | owest portion of live foliage to the top of the
stemnot interrupted by nore than a 5 foot gap. The proportion of this |length
to the entire stemlength is the live crown ratio. This provides a third

di rension to the crown diameter estinmate, thus sone estimation about the

“vol une” and shape of the crown can be made. Error can enter in determning
the location of the horizontal |ine of the | owest foliage, the determ nation
of the stemtop, and poor estinmation of the proportion. Using the TMS

i nstrument the | engths can be neasured rapidly rather than estimated.

Conpacted Crown Ratio--This is simlar to live crown ratio except all of the
gaps are renoved fromthe | ength measurement. This requires a bit nore
judgnment, thus the addition of nore places where subjectivity and error may
appear. This metric is thought to be |l ess noisy than the live crown ratio as
it gives a nore precise estimte of the productive structure of the tree. The
| engt hs between the top and bottom of the crown as well as the |engths of the
gaps can be nmeasured with the TMS i nstrunment and an al gorithm can be witten
to performthe conpaction.



Crown Density--Crown density is an estimtion of the amount of |ight bl ocked
by the branches, fruits, and foliage of a tree. The crown sil houette is
visualized and the amount of illum nation through this space is determ ned.
Thi s delineation of the crown silhouette and estimation of illum nation
provi de opportunities for errors. Isolating the stem being considered from
background stenms in a dense canopy is an additional difficulty. The TMS

i nstrument can do a very accurate job determ ning the anount of unobstructed
light. However, determi nation of the crown sil houette and distinction of
background crowns may pose chall enges. An alternate sanpling strategy can use
the TMS instrunent pointed skyward froma |ocation bel ow the canopy. This
reduces the |ikelihood of overlapping crowns.

Fol i age Transparency--Simlar to crown density, foliage transparency is an
estimati on of the amobunt of |ight bl ocked. However, only the foliage is
considered in this analysis. This indicator should be nmore sensitive to
short-termstressors (i.e., insect attack) than perhaps the crown density
measur enent alone. This indicator is particularly difficult to estinate due
to the |arge anount of inmaginary delineation required.

Crown Di eback--Crown di eback is recorded in the FHM program as the percent
nmortality, by 5 percent classes, of the term nal portion of branches in the
sun- exposed portion of the crowm. This is an indicator of the severity of
recent stresses on the tree. The measurenent is the percentage of the dieback
area in the live crown. Again, judgnment and visualization are necessary
conponents for the evaluation of this variable. In the previously nentioned
metrics percentage estimates tend to be large. Since crown dieback is usually
a small percentage, analysis of a trend over tine may be difficult. For

i nstance, at sanple cycle 1 crown dieback is estimted to be 10 percent on a
crown that has a live crown ratio of 60 percent. If there is no change in

di eback by cycle 2, but the live crown ratio is reduced to 50 percent due to
natural necrosis of the |Iower |inbs, crown dieback nmay be di sproportionately
i ncreased due to reduction of the live crown. The TMS instrunment allows a
permanent record to be kept, which allows for the exam nation of the specific
anount of recession of live matter fromthe top

Non- Crown | ndi cators

There are other indicators, such as growh rate, productivity, and
understory, which may exhibit a |l evel of correlation with crown nmeasurenents,
and are valuable to be considered in their own context. For instance, growh
rate may continue to increase despite a major defoliation caused by a
tenporary outbreak of insects. These variables help to make the overal

anal ysis of forest health nore thorough and robust.

Growt h Rat e- - Repeat ed neasurenents, collected over tinme, can be used to

exam ne growh rates. Dianmeter at breast height is conmonly the chosen
measurenent used to evaluate the growth rate because of high assurance of
repeat abl e neasurenments, especially when the location is nmarked. The TMS
instrument is suitable for repeat neasurenents as the bearing and distance
are automatically recorded in addition to the ability to use the inmage to
determ ne exact locations. In this way nmeasurenments on other portions of the
stem can be assessed for growmh as well. This may be nore critical for |arger
trees where annual growth adds only snmall changes to DBH

Forest Productivity--Productivity, as viewed in the Santiago Declaration, is
concerned with the productive capacity of the forest ecosystem O course
this concept may have a very wide interpretation and indicators nmay vary
greatly. This criterion can also be taken to involve the growh and renova



of forest products. Techniques for deriving growh are well devel oped.
However, there are still some inprovenments to be made in expandi ng and
validating the accuracy of these nodels in certain populations. The TMS

i nstrument can be used to neasure stem volunmes rapidly in order to check and
cal i brate existing volunme equations for underrepresented popul ati ons. Stem
forminformati on obtai ned using the instrument can al so be useful in
classifying the growing stock into potential product classes.

Understory--1n addition to evaluation of |large stens, the understory
vegetation is also inmportant for determ ning overall forest health. The
anount and type of understory vegetation provides val uable i nformation about
ot her stressors (e.g., animals, disease, soil properties, etc.) and about
regeneration potential. Understory conmponents are al so consi dered for biomass
estimation and fire fuel |oading and structure.

Understory sanpling is typically done using very small plot sizes. For nmany
bi omass studies a square neter quadrat is used to estimate the amount of

her baceous material (MacDi cken 1997). This sanpling nethod is statistically
valid and provides crucial information on the types and amount of vegetation.
This system faces inefficiencies due to spatial correlations often found in
natural systens (Parresol 1999). Understandably, every sanpling problem
cannot be solved given tine and budget |inmitations, however the rapidity of
data coll ection should allow the TMS instrunment to provide an ancillary
source of information about the anmpbunt and structure of understory
veget ati on.

HOW THE TMS | NSTRUMENT ADDRESSES THESE MENSURATI ONAL CHALLENGES

The TMS instrunent has the capability of capturing | arge anpbunts of data in a
short period of tinme. For variables that can be quantitatively assessed
(e.g., lengths, upper-stemdianeters, |ight penetration, etc.) the TMS

i nstrument provides objective neasurenents very rapidly. Additionally, the
TMS i nstrument can be applied fromthe sane | ocati on over measurenent cycles.
If the inage data is archived, conditions can be reliably nonitored over
time. This may also lend to the reasonabl e application of nore robust
sanmpl i ng procedures (e.g., random zed branch sanmpling (Gregoire and others
1995)) to assess foliar change on particul ar branches over tine. The
capabilities of the TMS instrunent introduces much anticipated potential for
extending the amount and reliability of sanmpling for forest health, vitality,
and productivity assessment.
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