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Al RBORNE VI DEOGRAPHY AND GPS FOR ASSESSMENT OF FOREST DAMAGE
IN SOUTHERN LOUI SI ANA FROM HURRI CANE ANDREW

D.M Jacobs and S. Eggen-McIntosh?

ABSTRACT: ~ One week after Hurricane Andrew made landfall in
Louisiana in August 1992, an airborne videography system wth a
gl obal positioning system (GPS) receiver, was used to assess
tinberland damage across a 1.7 mllion-ha (4.2 mllion-acre) study
area. ~ Gound observations were nmade to identify different
intensities of tinber damage and then cross-referenced with the
aerial video using GPS coordinates. Flight lines were established
at 16-km (Io-mle% Interval s perpendicular to the storm s path.
The nomnal flight altitude of 600 m (2,000 feet) above ground
| evel and a 55-mm focal -| en?th camera lens resulted in a ground
swath averaging 92 m (300 feet) in width. Video franes were
captured digitally from the 8-mm anal og vi deocassette at 80m
(half-mle) intervals along each flight path. Each video frame was
interpreted for tinber damage and placed into one of four arbitrary
categories of bole-volume damage. The video frane |ocations were
grouped into relative danmage-zone polygons in a geographic
Information system (GS). The polygons were then used to retrieve
forest inventory plot information 'by danage zone and to estimate
vol umes of damaged timber.

| NTRCDUCTI ON

The USDA Forest Service, Southern Forest Experiment Station
conducts forest inventories through its Forest I|nventory and
Analysis unit (SO FIA) across seven Midsouth States (Al abanms,
Arkansas, Louisiana, ssissippi, lahoma, Tennessee, and Texas)
and Puerto Rico. Statewide inventories are maintained in_conputer
dat abases at the. SO FIA office in Starkville, M ssissippi.
Different methods of wupdating these periodic inventories are
currently being researched (Evans and Beltz 1992) to estinate
annual rates of change, Ilocation, and extent of tinber. O equal
inmportance is a need for quick evaluation of catastrophic events
such as hurricanes, heavy fire seasons, and mjor insect outbreaks
(Evans and Beltz 1991).

Hurricane Andrew nade landfall Tuesday, August 25, 1992, on
the Louisiana coastof the Gulf of Mexico. The nost current
Statewi de forest inventory Of Louisiana was conpleted by SO FIA in

'A paper presented at the |UFRO Conference on Inventory and
Management in the Context of Catastrophic Events, University Park,
PA, on June 21-24, 1993.

~"Dennis m Jacobs and Susan Eggen- Ml ntosh, USDA Forest
Service, Southern Forest Experinent Station, Forest Inventory and
Analysis, P.O Box 906, Starkville, M 39759-0906.



1991 (Vissage et al. 1992). Aerial reconnaissance reports from the
Loui siana Departnent of Agriculture and Forestry® indicated
W despread damage to tinberland inpacted by the hurricane. Hence,
there was a need to assess the tinber damage that occurred since
the latest forest survey.

HURRI CANE- | MPACTED STUDY  AREA

. After Hurricane Andrew left a devastating wake of destruction
in southern Florida, forest resource damage assessnent plans were
devel oped for its inmmnent landfall on the northern coast of the
Gul f of Mexico. Predictions were for the hurricane to hit land in
Mssissippi or Louisiana. Flexible plans were developed for an
ai rborne videography flight to perform a quick assessnent of
anticipated tinper damage. After Andrews landfall in southern
Loui siana, the Atchafalaya River Basin and surrounding botton and
forests were selected as the prinmary study area.

Maxi mum sust ai ned winds were recorded at 115 knots when Andrew
made | andfall in Louisiana. As the hurricane noved northward
Figure 1) , it rapidly lost strength and was subsequently
owngraded to a tropical storm The eye of the hurricane traveled
along the western edge of the Atchafalaya River Basin. The area
immedi ately to the east of the stormtrack was thought to have
suffered the nost severe damage, as is typical of northern gulf
coast  hurricanes. The affected area not only included the
Atchafal aya Basin but also the surrounding swanps and bottoniand
forests of the Mssissippi River floodplain.

_ Primary tinber species in the southern part of the basin
include: bal dcypress (Taxodium distichum (L.) Rich.), water tupelo
(Nyssa aquatica’l.), black willow (Salix nigra I\/larsh.&,_ and eastern
cott onwood (Populus deltoides Bartr. ex Marsh.). ler sites in
the northern part of the basin and surrounding alluvial flood
pl ai ns support a wi de variety of hardwoods such as: oaks (Quercus
spp.), ashes (Fraxinus spp.), el ns (Ulmus Spp.), boxelder (Acer
negundo L.), American sycanore (Platanus occidentalis L.),
sugarberry (Celtis laevigata WIld.), red maple (Acer rubrum L.),
| ocusts (Gleditsia spp.), pecan (Carya illinoensis fV\angenh.% K.
Koch), and other hickories (Carya spp.) (Vissage et al. 1992; Beltz
and Bertelson 1990).

M SSI ON  PREPARATI ON

Plans were coordinated with the North Carolina Forest Service
to use an aircraft and an experienced aerial photography pilot to
fly the video mssion. There was a slight delay in beginning the
vi deo m ssion because the storm noved i1nland over M ssissippi,
eventually turning eastward toward North Carolina. This presented
a problem for the pilot to fly safely from North Carolina to

SLouisiana Departnent of Agriculture and Forestry. 1992.
Unpubl i shed aerial reconnaissance reports. Baton Rouge, LA
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Mississippi for installation of the video equipment. The dela
resulted In mssing the 2 days of cI ear weather immediatel
following the hurricane, August 28 and 29.

The video ecbur pment was installed in a Cessna® 185 on
Sat urday, August and the video mssjion was flown on Sunday,
August 30. he skies were becomng partly cloudy by Sunday, wth
Up'to so-percent cloud cover blowng in ffom the gulf.

VIDEO EQUI PMENT

The video equipment consisted of an electronically shuttered

vr deo camera head, a 55-mm focal-length canera lens, a portable

Tm vi deocassette recorder and a portable color monitor. The
color video camera head used a high-resolution, charge-coupled
device (CCD) that ?enerated a horizontal resolution of 470
corrposrte teI evision Tines. The cassette recorder was |nstaI|ed in
a self-contained unit that also housed a small conputer, a
keyboard and a slot _for al\%llobal posrtronr ng system (GPS) receiver

loran-C (Long Range Navigation) recerver The conputer
generat ed captjons on the video innm cont aini n% gertrnent
Information such as date, time, and GP | or an- oor di nat es
The keyboard al | owed additional 'entry of observatronal text as the
aerial video was being recorded. There were al SO |r§puts for a
Trinmble Pathfinder" eps receiver and audio signals | nput
standard for the mssion. A detailed descrrptron of the system has
been provided by Evans and Beltz (1991).

VIDEO M SSION

Flight lines were established at 16-km (10-mile) intervals due
to time and budget constraints. The aerial video was flown at
600 m (2,000 feet) above ground level to provide a video swath
approximately 92 m (300 feet) in width. Each video frame covered
an area of ‘about 0.6 ha (1.5 acres) to ensure a mninum sanpl |ng
area of 0.4 ha (1.0 acre) per video frane. Aut ononous
coordinates were superinposed on the video frames in ftlight.
data were recorded on 8-mm videocassettes for retrieval and
interpretation on UN X@based conputer workstations at a resolution
of 0.15 m (6 inches) per picture elenent.

Field crews visited forest stands that met the damage criteria
set out in Table 1. Accordingly, ocular tinmber damage information,
photographs, and GPS coordinates were recorded for each site. The
?round ocations were flown with aerial videography using the
I el d-gathered GPS ground coordinates. The narrow field-of-view of
the s5-mm canmera |ens and the strong gulf wi nds made this task
cunbersome.  Some field points needed sécond and third overflights
to acquire the necessary video imagery. Aerial video-was recorded

‘Mention of equipment, products or conpany names is for
information only and does not' constitute official endorsement by
the USDA Forest™ Service.
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over the field locations to verify and cross-reference the video
interpretations using the ground-point field information and
corresponding aerial video imagery. Lowlevelvideography was also
recorded above a heavily, damaged "area at 100 m above ground |evel
to help distinguish species of downed trees

Table 1. Forest damage assessnent variables for visual
interpretatjon of video franes.

1. Gound use
a. nonforest
b. forest

2. Forest type
a. BI ne
b. Dal dcypress
c. hardwoods
d. oak-pine

3. Volume damage (nortality)
a. no visible damage _ _
b. 1 to 33 percent” of tinber volume downed (I|ght2
c. 34 to 67 percent of tinmber volume downed (nodérafe
d. over 67 percent of tinber volune downed (severe)

4, Predomnant tinber type affected by volume damage
sof t woods (excluding bal dcypreéss)

bal dcypress

har dwoods
-plot has nore than one forest type group, and
. all are affected more or less equally
e. indetermnate

cogm

5. Live tree damage (formcrown damage)
a. No visible damage
b. 1 to 33 percent” of canopy damaged or basal area
affected by other form damage
c. 34 to 67 percent of canopy damged
d. nore than 67 percent of canopy damaged
e. indetermnate

6. Predomnant tinber type affected by live tree damage
a. softwoods (excluding baldcypress)
b. bal dcypress
c. hardwoods
da. plot has nmore than one forest type group, and
. all are affected more or less equally
e. indetermnate




VIDEO | NTERPRETATI ON

Video frames were captured in digital form on UN X-based
workstations at_an approximate rate of 1 per 800 m (0.5 mle)  of
flight Iine. This provided roughly twce the sangllr%g intensity
used in current field inventory procedures by SOFIA Each digital
video frame was |abeled as forest or nonforest and stored on the
conputer for later retrieval and interpretation. \ideo .inmges
containing nore than 5o0-percent forest cover were codified Tas
forested ground use. In addition, _contl(T;uous forest area had to be
greater than 0.4 ha (1 acre), a mninum for SOFIA inventory forest
Iz::lrea (Vissage et al. 1992). Forested locations are indicated in
igure 2.

Each forested video frame was displayed and, utilizing the

assessnent variables given in Table 1, a determnation was made for
the predonminant timber type group affected by tinber damage; Two
types of damage were interpreted: vaol une gbole mortal i ty),
indicating probable tree death; ~and form (bole and crown damage),
| ndi catl_ng form damage in live trees. Thi s damage- cl ass
Information was entered into a GS of the study area.
_ Form darraqe was highly variable and provided insufficient
information relating t0 volunme loss or future nortality. It
rovided only enough Tnformation to show that about two-thirds of
he study-area forest received sone form of foliage or crown
damage. _Althou%h form damage was entered in the G S as attribute
information, it was not Included for this study but my be
addressed in a later publication. Therefore, volume damage dle t
bole nortality (downed timber) is discussed in the renmtinder o
this paper.

Two crews of two persons each interpreted the captured video
frames. The video frames paired with ground observations through
GPS coordinates were reviewed and studied before aerial video
interpretation was acconplished. Gound evaluations of affected
basal area showed that the linear features of the fallen trees and
the distinct bright spot of the fractured boles with the crowns
snapped of f were “more obvious on the video images than crowns and
relatively intact boles of the standing, w nd-defoliated tinber.
Further, the defoliated crowns and boles of the standing small
trees Were not as evident on the aerial video as the large trees.
Hence, both crews frequently worked together to review each crew s
interpretations, to conparé them with the ground-truth video, and
to assure consistency in the video analysis.
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CEOGRAPHI C | NFORMATI ON SYSTEM (G'S)  DEVELOPMENT

Gps coordinates (latitude and longitude) were transcribed from
the video images to the G S database as each inmage was_ interpreted
visually. These autonomous GPS coordinates, assuned nadir for each
video frame, were entered and referenced as ground-point |ocations
in the S Each location was _ assigned the corre?]%ondl ng danaPe
assessment value as a point attribute” Fromitem nurber 3 1n Table
(]][’ four damage-severity classes were coded to descripbe the volune
amage observed within each video frane: 3 = severe, 2 = noderate,
1 =1light, 0 = no damage.

GPS coordinates designating the ends of each video flight line
establ i shed the studr area boundary. Locations for the forested
video frames were plotted bg{ danage-class attributes..  From the
four damage classes, five damage zones were established: 4 =
severe, 3 = noderate, 2 = light, 1 = scattered light, o = no
damage. The fol lowi ng describes the nethodol ogy used as the basis
for "determ ning damage-class limts along each flight line to
create the damage-severity polygons.

Each east-west flight line was treated independently from the
other flight lines to identify end-points (limts) for each of the
five damage zones. Al video frames containing severe damage were
located in a clusterto the east of the hurricane path. Extending
?rogresswelg in both directions from this severe-damage zone were
rrames classed as noderate damage, then light, and finally,
interspersed clusters of |ight damade and no dafage. . The m dpoint
within the heaviest damage per flight line was used as the central
axis of concentric |ighter damage “zones.

To determne the limts of each damage zone, a focal w ndow of
average damage val ues was moved within each range using class
weights of: 3 = severe, 2 = noderate, 1 = light, 0 = no damage.
Nont orest locations were assigned nearest neighbor values of
wei ghted averages. The w ndow size was adjusted to one-half of the
total geographic range of the damage zone under evaluation. Thus,
the average damage values within the end-points were: 2.50 to 3.00
for severe, 1.50°to 2.49 for noderate, and 0.50 to 1.49 for [|ight.
The severe, nmoderate, and |ight damage end-points al on? each flght
line were contoured to form damage-severity polygons for the study
area (Figure 3).

.. A polygon of scattered |ight damage was delineated to
di stln?wsh a transition zone between |ight damage and no damage.
Mst storm damage was concentrated in the first three categories of
contiguous  damage., The scattered |ight-danmage cate%ory, however
contarned isolated pockets of damage ‘extending beyond the area of
concentrated dammge. This area included all "clustered video

interpretations of "light damage. Six isolated d of |ight
darra?g wer e sca.tteredg throughgout the north endmg ??1?3205 fr%ma

| ocations conprising the no-damage zone. The information for

forested video frane locations is sumarized by damage class and
danage zone in Table 2
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Table 2. Nunber of forested video frames by damage class and
damaae ZONe.

VIDEO EBAHLHLB_EF‘SL DAMASQE_QLAS.E
DAMAGE No Danmage g Mbder at e e

vere

ZONE (0%) (1 to 33% (34 to 669 (67 to 100%
Severe 0 0 3 13
Mbder at e 0 12 15 4
Li ght 20 103 12 0
Scattered 106 59 1 0

['Ight

terior of 199 6 0 0

anpae zones

~ The @GS damage-zone. polygons were used to retrieve SOFIA
field inventory data, using the tinber survey plot locatjons wthin
each damage zone for trees 12.7 c¢cm (5.0 inches) in dianeter at
breast height and larger. = Forest volumes were retrieved for each
damage zoné along with estimates of forest and nonforest area. The
video anal ysis ‘'schene was designed to estimate percentage of
vol ume, not” area, of downed tinber as displayed on. each sanpled
video frame. Therefore, no attenpt was made to estinate area of
damaged forest.

RESULTS AND DI SCUSSI ON

.. The study area covered approximately 1.7 mllion ha f4.2
mllion acres). Less than hal{f, about 730,000 ha (1.8 mllion
acres was determned to be forested ground use, wth about
445,000 ha (1.1 mllion acres) of forested |and receiving sone
volume damage. Table 3 lists approximate area by damage™ zone.
Forest area is derived from SOFlA sanple data, which are sub{ect
to statistical error. Refer to Vissage et al. (1992) for further

| nfornation.

Table 3. Approximate area bv_dgmggg Zone.
DAMAGE ZONE TOTAL EﬁﬁgT
) B R

erate : :
Zj Li ght _ 338, 100 179, 850
3 Scattered |ight 572, 400 210, 680
0) Exterior of ' 658, 400 286, 810

danmae zones

TOTAL 1.694. 400 728,900
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Over half of the study area was nonforested; either farniand,
swanpl and, or rights-of-way. Consequen,tla/, a portion of the damage
could be attributed to edge-effect wind damage. The six video
frames of |ight damage observed in the undamaged zone were in close
proximty to a nonforest area. Trees adjacent to open areas vverg
nore sulject to wnd damage because the ‘crowns were not protecte
by a surrounding canopy.

Species conposition and terrain also played a part in defining
the damage zones. Speci es conposition changed as the terrain
varied from coastal plain to river terraces and meander scars to
swamp. Black willow and water tupelo were especially susceptible
to windthrow in swanpy areas with standing water. YoUng tinber in
the Atchafalaya Basin also sustained w nd breakage. ThiS was noted
In areas containin breakage of water tupelo an Koung bal dcx/Bress
that had not yet developed extensjive anounts of hearfwood. Mature
bal dcypress appeared to weather the storm better than surrounding
har dwoods. esilience to storm damage by mature bal dcypress was
noted in studies carried out in the Hurricane Hugo-damagéd area. of
south Carolina (Sheffield and Thonmpson 1992; Putz and Sharitz
1991). The field observations supported the species-group damge
Interpretations of the video imagery.

The pockets of clustered damage, relati,n% to species
conposition, resulted in the followng éxanples. First, a 4.5-mile
and a 4.0-mile segnment of video |ocations along one fljight |ine
containing no video-interpreted damage were included wthin the
scattered” light-damage zone. These locations were conprised of
stormresistant bal dcypress.  Second, a pocket of noderate damage
was included near the outer edge of the [ight-damage zone. This
was conprised of black willow (especially susCeptible to w ndthrow
with upturned root mats discernible in the video imgery. is
information was verified with ground truth information. “Overall,
storm damage was less severe in mture baldcypress than in other

forest type groups.
CONCLUSI ON

~ The use of current airborne videography techniques allowed a
rapi d assessnent of forest resource damage in southern Louisiana
caused by Hurricane Andrew. Airborne videography reduced the need
for ground analysis of the damaged area. ™. ,Tp_is was %speci(all
advant ageous due "to the reduced ground accessibility in the wake 0
the hurricane. In addition, S coupled with aerial vi deograPhy
Brow ded for quick orientation of the video |ma%ery and al | owed the
video franme location and corresponding danage Class to be entered
into a QS In _turn, the GS linked the video interpretation
schemes with the SOFIA database to derive estimates for the vol une
of damaged tinber.

A relatively snmall af f ect by heavy damage.
However, a nuch b¥oader areage%fwassf:attered ?(ljghty darmgg occurged

around the concentrated area of heavy danage, affecting a large
volume of tinber. Crown and form damage were al so evident on

/1



aeri al videography. However, an analysis of form damage was not
attenpted since the effect of damage on future volume and noprtality
was uncertain. This study concenfrated on downed tinber having a
diameter at breast height of 12.7 cm (5.0 |nchesg and |arger. For
Information on the storm effects on smaller trees and thé volune
affected by tree-form damage, a nore detailed ground-based study is
needed. Landsat Thematic™ Mapper immagery wll™ be used in another
study to investigate a nore conprehensive characterization of the
spatial distribution of the storm damage.
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