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6 DATA INTEGRATION AND ANALYSIS
C.J. Pearce, W.J. Boardman. M.A. Green and P.J. Bowen

6.1 Geographic Information System

Every ilcm of dlta collectcd in thc jarr:rh inyentory,
whether ftom the acrial photographs or from ground-bued
measurements, is tied to a geographical location. The
locations ofthe measured plots,provided to an accuracy of
20 to 30 m by the GPS, form a more or less unifonn
rectangular grid of points over the arca covercd by the
lnventory. They therefore form thc basis of a quasi-
conlinuous map ofthe resourceparameters mcasured. Such
data is handled, zurdrchted to othcrspatial data (inparticulllr
other maps), by a geographic information system (GIS).

At the commencement of thc jarrah forest irvcntory, thc
Deparlrnent zLheady possessed a pre-cxisting GIS, orrathcr
the software and hardware tools which go lo mirke up such
a syslcm.Italso had a large database of thematic map dtta
in digital form, covcring the area ofthc inventory, as well
as some high precision digital maps related to tenurc and
the forest management plan. The task required for the
jarrah inventory was to adaptthe existing GIS tools to meet
the data storage, processing and repofting requirements of
that projcct.

The cxisting GIS facil i t ies consisted of three main
components: Intergraph, a sophisticatcd proprictary
computer-aided mapping and graphics facility; ARC/
INFO which is another propriekry system for cotnputcr-
assisted mapping and map analysis; and FMIS, a forest
management intbrmation systcm developed in,house. The
Intergraph is used for high precision map input, editing trd
storage, and fbrderivative mapproduction. ARCINFO is
inlended for spatial analysis (such as buffcr generation, or
polygon interscction) and some map product generation,
and FMIS is a grid-based map overlay system for foresl
resource inventory and arca statemcnts. For lhe jarrah
inventory project, all three compolenls ffe required, ir a
way which l inks them together more closely and
systematically than has been nccessary in the past.

In the following subseclions we dcscribe thc requiremcnts
imposed on the GIS by thejarah forest inventory and the
overall system design adopted to mcef thesercquirements.

6.1.1 System requirements

It is convcnielt to discuss the requircments under thrcc
marn headings: datastoragc, data analysis and processing,
andoutputorreporting. Theessentialrcquirementfordtta
storagc is thatall the measurement data, with its tssociated
geographical location, is linked to a graphical representation
ofthat location. That is, the three types of data collected -
navigational data, photo-mcasurement data and ground-

measurement data - must bc stored in a database which
links toa graphics dcsign fi lc showing the locations o[the
photo plots. Thisis necessary in order for thc measurement
dala to bc selectcd and accessed in relation to other,
extemal, map data or map reprcsentations. Thc system
must also be able to store such extenal referencc maps,
which themsclves may be l inked to other databases.
Examples of such maps include topographic map rnd
cadirstral boundarics, as well as numcrous thematic maps
relating to forest type, treatment, operations, and
Dcpartmental administrative boundalies. Much of this
inlbrmation already exists in the Intcrgmph and FMIS data
bases.

Theprocessing rcquiremcnts, howcver, arc rnore demaniiing
ard lcss easy to predict in thc long term.

Firstly, the system must haye full data editing, updating and
archiving facil i t ies, and must provide a secure l inkage
bctween thc three differenttypes of stored measurement. It
|nust also have themeans oftransfening gmphical data (the
'reference maps' referrcd to aboye) between different
components ofthe system (such as FMIS rnd ARC^NFO)
andofcombining any graphical data in one componentof
lhe syslcm with graphical data provided from somc other
componerrt.

It must be able to carry out polygon overlay bctween
differentreferencc maps, based on thc databasc or'attribute,
values associated with the polygons (such as thc actual
year oflogging associated with logging history polygons).
There must be the means for gencrating ,buffers' or'zones', 

eithcralong linear fealures orabout points, so that
the buffcrs form ncw rnaps which maybeoverlaid with the
mcasuremcnt data. It musl also hrve digit l l  terrain
modell ing capabil it ies, so lhat conditions on slopc or
clcvation, lorexarnple, may beimposcd when intenogating
the data. The central processing requiremcnt, howcyer, is
to beable to selectall measurcment plots within a window
definedby arefcrencemap (generatcdin any way requircd),
and to extlact and nale available all data from the
datab$e applying to thoseplots. This capability is nccessary
in order for the resource to bc estimated within any pre-
dcfined arca.

Finrlly, itis cssential that the datastored in the Ineasulemenl
databascs should be accessible (followirlg sclection by
plot identifier) to FORTRAN programs for analysis and
statistical rcporting.

The reportingrequirements liein the ffeas ofbolh graphjcal
output and stalistical or hbular slatcrncnrs.
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Figure 39
Flow diagram for processing Geographic lnformation Systems data.

ORACLE T.bl.a

Timbqr pioduct

al location

46



\

LV

'pueq eqt c,\oqe ccuoruurocer uuc 6urlcaqJ pup peu8rss?
eq ueJ qlSuel l?ql uaql ',to1aq ql8uo1 tuarJrJJns sr araqt Jr
'pue peqJ?orsr tunturxeucql orsq16'dlrlqqdeccr o111tur1
reddn ue eq uuc e:eql pueqlo oseJ oql uI pueqpuedae,trs
epnlcul esaql 'rclncrpd ul slorllo ulql elspolxuro3lu
01 llnarJJrp oJou eJ? sarlrlcnb leuoqlpuoJ euros

'(rr'8rc)
urf,8u .re^o lJuls plno,n ssecord Surpaqo eql uoqJ uolltos
palrruo erlt Jo dol eql 18 eq ol lqSreq re,rot srll Suqsnlpc
fq auop aq plno,tr qqJ 'll e^oqe esoql q1r,n lueruuBrp;o
lno sr lr espj u! pajllutoeqptno,r poreprsuo3 Suroq uoll3os

tse,rol eql 'sluEJp?nb luaprJuroc-uou ur Itolop Jo os?J
eql ul uouoes peltJeql e.toqe umSe urSeq ppo,tr 8uq:reqc
'sarllFnb roqlo qtr,r e3uaprouror-uou qSnoJql ro 'uorlJos

cuo ur 1lcs1r ,{q ,(1r1uunb l aBJs1 oo1 o1 8ur,ii1o sJnlrsJ.relJv

'qtBuJI lEql ol pJuSrssc Jq plno^\ lJnpord
cql'.&oloq qlSuol luorJrJJns sr eJoqt JI'ueql 

'olqe]doJJe

-un sr uol]Jes r eJeqi[ 'uorlf,.rJprsuoc ruo{ uoq]cs cql
dJ]lenbsp plno.rll (?eJI] puorlJos-ssorjluof,rad0g s'c qf,ns)
unuxeupellruuedE spealxe s?eJe snouEAeqllo urns eqllI

'8uq1nsa uoqces-ssor:l ur os?enur
ou sr clcql lsql os lucplJuroJ cq plnos lr'puoce5 tcnpo:d
oql ot tueuuSrsse rol peroprsuoJ Sureq q13ue1 e4u:
aql lo Flrtrqp.Ins aql Surssasso uaq,r (sourlenb) slialep
Jcqlo ossql o1 ppu .(lo,ir1ccj;c plno,r lr qJns s?:(0t'3rg)
,^Aolaq sljeJap Jeqlo tuo{ luereJJrp luBJplnb e ur rnr3o
plnor 0Jelop) ,(lq?nb eqt 'lsnC flrtrqr4dejJp Burururalep
ueq,r ep?u eq ol suorlcJeprsuoJ o,{\l eJe eJeql 'u,ro s']r
uo elqeldaccuun oq o1e8n1 ool lou sr,{1rluenb esoq,r'ra:u

I?uorl3€s-ssorl ? s? peJnsBau ,{lr lnb l?uorllpuor ? rod

' (?onls arl snnJIJJr.4y)sreroq eloqurd,{q 1c4p;
sr dlqenb elqcldecct;un uu puu'yo: sr ,t14rnb puo4rpuor r
'l.lnqI sr,{lrlBnbolqcldof,f,e uf, 'clduf,xc]oC uouucprsuo3
uorg 3o1 Jo uollf,cs SurpuodsclJoJ eql .{Jrtenbsrp
plnoN lJoJop Jo ^luuenb o8Jl?t e 'sed,{l eseqt roC 'sad,{l

ftlpnb elqelde:rc-fllcuorlrpuoc ol pelo^op eq eJoJeJeql
usf, orurluorlolndtrlo::1so141 sad,{1flqunbpoo,uelqllde3:)c
-un Jo elqctdoJrf,-,{lpuortrpuoJ 'clqLldJJJ? 

Jo srucl ur
paurJep sr lJnpord qJee'p?ol lEuorlslndtuoj oql eJnper oJ

'e1se,tr s'e peu8rsse eq yyr,tr
:epure uar,tuu esro qorq,\\ ur'pcrcprsuoJ uacqe^eq slrnpoJd
pcrscp Ip 1rlun :o peu8rsse ,(le1e1duoc sr ee.r1 eql Irlun
senuDuoJ sscaord srqJ pcu8rsso ueaq,{peaJIE ssq lrnpord
Jeqlo ou eJeq,r 'alqrssod;r 'peu8rsse pue lqEnos sr lJnpojd
elqtnlo^ lsoru lxcu cq1 urql'olqrssod re,,re.reqm peuBrsstl
puB (sequolrd s.Iesn oqt uo pos€q) lsrJ.roJ pe{ool sr
tJnpordelql?np^isolIIeql'uorlrpuoJ Jor{l3u€leloq'lqSreq
ts?cJqltr Jclorxsrp 'ser3ads uo paseq otqelrns ,{lprtuolod sr
tr Jr oes ol pelsal cc.rl cl.l snd lr ulq ,r $Jnpord orll roJ
tunl ur pessessp sr eer1 rlJee 'luetussesff .relnduor eq1 u1

'la)lJcru oql ur sc4uoud SurSueqc
qJtcu ol poSurqJ cq osp ueJ pelnduroc ere slrnpord eq1

qJrq.^( ur rapro eql pue 'urerSo.rd eqt;o uru qJeo JoJ pege^
eq usf, lnq'pexrJ lou eJe suoBeJrJrJods lJnpord egl 'sadf1

Irnpord snoup^ eql Jo qJeo JoJ eunlo^ fo seleurlsa oql
eluep ol suerSord:elndruoc ,(q passasse are ee.! qcea JoJ
uep cqJ'ocJl eldu?s qJEe ur seu{anb poo^{ oql SurquJsop
uorl€uuoJur eql Jo Ip ucluoc qep 1o1d punorE eq1

elep |o|d punorS 8ulsserord. t'z'g

'slold

eldues olqnop oql ol?rrpur ol los q 8eU luouomseoru
-punor8 [ 'es?qsl?p eql ol poppe relel eru slBp punod
usqld 'es?qelBp 

alJvuo eqt ol popp? ueql er? seleuqso
eunlo^ orlJ pesrrq dpuecr;ru8rs eJ?. slueueJnseeu
s,rolcJdlclur cql lcql uihou{ sr lr Jr el?urlse lq8leq
oe1 eql ol peqdde sr Jolf,eJ uor1oerroc V 

'eunlo^ eloq
sso:8 euru:e1ap ol lqSreq ae:l qcus o1 pallddu sr'(6 y'6
uonJaS)uorss Bar JpeuII .{q peurelqo 'BImuro; p:udue uy

'suorssrruo ro suo||pJrldnp ou JJr eJeql lcql
puplsa]loJ sr seldtu?s oloqd gquo e8ere^oJeqll?ql emsua
ol seurpunoq 1t;r1s?psl pu? elep puor1e8r,,reu lsue8e
per{reqf, ere el?p lo14 lqireq ee4 eq1 se 1e,tr se (qlaro:3
-p1o ro q1,tro:3u) ssrlf, lBmllnf,r^Irs slr pue serf,eds eoJl
eql epnlJUr srolaur.r?d ea4 pnpnrpul (eurur ',{poq ralu.tr
'sercads Juoxe'lseroJ e,lquu'3 e) rs,roc puel pue (dlepunoq

lssro3 r uo 1o1d gpq ro 1o1d ylng) ed.{1 1o1d ':eleurerp 1o1d
'ep:s oloqd '(selcurpJooJ uou8Jol eqt ot pelurl sr qJrq,r)
rcUrtucpr totd eql oJD lold rlJ?o roJ peprorar srelotueJcd oul

'3ur-{Jeqc

-ssorl c^rsuclxo clou,{q relf,l pe,roltoJ sr l.lJlq,r'ul8p eql

lo uorltpllB^ I?lllul epnloursuals,{s esaqJ'dolsolerd.lelur
ro sadoloo:sls oql uo stuorucrnsscru xslltrJ€d eql
uro:g :elnduroc puos:ad r uo 8uruuru ru?J8oJd dr1ua el?p
B BrA ro sreznrSrpoeFls [€Jq,{l€u? 7-9441 ,{3o1ouqm1
tuWV oW uro{ ,{tl.erp reqtre pelJolloJ oru Blep oloqd

elapluetuernsBatu-oloqdSu;ssamr4 7'7'9

'OJNI/JdY tlll \ suop cq
ornlnj ur ̂€ul lnq'qderSrelul oql uo ojcld se{E. llueunj
srql puno.fqcrq crqdu:8odo1 pue 'uoqeuJoJur 

lo^ol
e3moseJJo uorlElnq?l'uorlBSoJeluJo,ropural eq1 Eur,roqs
'deu u go uorlcrutsuoo cql sr c8e1s Sulsscrord pug eqtr

'permbsr sr qcrq,tr lueurelqs
eJJnoseJ pezuBullrns eq1 selueueB pue elep lueueJns?eu
Jql sJurquroJ JJItrl JqJ'Jlnpou sJrtsr tcls :qt ro1 :111 Indur
rre slrn:]suoJ pue'?l?p tueueJnseeu punoJ6 eql uo peseq
s1:n pord permbe: eql saleJollc prru JoJ seqoJees urpJSoJdoqI

',r,ropurm uoqeSo:r1u cq1 uq1r.,n s1o1deq1
Jo slueuernseeu punoJi puu sluoruoJnseeru oloqd eq1 1u
os?ql]l?p a'IJVuo eql tuo{ peer oltr sesn pu?'srerJrtuepr
lolo Jo lsll eu sa{ul qjrq.r 'g'z'9 uon3es ur pequJsop
ruer8oJd ? ,{q lno perJer sr srql ,ropur^r eql uqlr,{\ elep
lueueJns?au eql sseJoJd pus lJBrlxa ol sr o8uls pJrql eql



Position of
recorded defect

Position of
recorded defect

n Clearwood

VZ Defect I

E [JeIeCt Z

El Quadrants

elsewhere in

Cross-section
of position

showing cumulative
effect of defects

Figure 40
Combined effect of defects in different sections of the sarne los,

Combined
defects in log A

***""*"(mW@@
Combined

defects in log B

Combined defects
in log A +Section 4

Figure 41
Combining acceptible sections to optimize product alloc ation. If a maximum cross-sectional area of 5 0 per cant is allowed, then section
4 is unaccoptable to Log A since the combined area ofdefect wouldbe 75 per cent.IfLog A is not long enough then I-og B (and above)
will be considerod and section 1 demoted. If log A is long onough then it will bo assigned and checking will bogin from the begiruring
of section 4, unless section 4 is unacceptable for reasons other than non-alignment of defects - in which case processing would
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Once the sorting process has determined the bottom and
top heights ofa section to be assigned to aproduct, these
heights are used to calculate its volume. The volume is
then added to that slratum for that species/product.

Volumes are then entered into a statistical system that was
developed in-house to process the double samplirig
estimates and the outputs are generated using S AS programs
on the Department's VAX SAS system.

Total volumes are estimated using the double sampling for
ratio estimation (Cochran 1977). With this method, the
mean volumeper hectare of gross bole volume orproduct
volume is defined by :

Vt = Vo/ -v" * V"

where V, = total volume per ha (m3ha1)
vc / vp= ratioofgoundmeasuredvolumedivided

by the photo measured volume for the

_ same photo plots.
vp = lhe mean volume per hectare predictsd

from all photo plots (m3ha t).

Each tree on ground or photo plot measurements is
categorized as old-growth or regrowth. This may be used
to modify the volume function if the analysis indicates
sufficient improvement in the volume model. Old-growth
hees have reached their maximum height and continue
increasing in diameier, but there is a large variation in the
resulting volume. Regowth on the other hand increases in
diamet€r with height.

Vadations in the rclationship occur with forest quality. In
poorer forest, bole height is a smaller proportion of total
height than in good quality forest. Attempts were made to
lJ/s€,top height oftheplotto determine this, but investigations
revealed that the sample size ofthe plot (20 m radius) was
of0en insufficient to reflect a fue top height of the site.
Many areas of forest are also cut over and the resultant
regrowth has not reached its potential height and too few
veterans are present. Consequenuy, the forest areas have
been stratified into quality classes and recorded in the GIS .
The photo plot position information is used to determine
which volume funcfion is used for a particular plot.

6.2.5 Outputs

The jarah inventory system has been designed as an
interrogation type database, though routine resource
summaries can be generated. Routine summaries can be
made on the basis of current product specifications and
values. The real value in the system, however, is the ability
that it gives to re-run the data to test options. These options
mightinclude changing the amountof defectallowedwhen
evaluating resources availability, or changing priorities to
see the effects on supply and revenue.
Such interrogations are often area-specific, hence the need
to link the resource data to the Department's GIS. Using
this facility an area ofinterest can be specified by categories,
such as management or land-use type, within a boundary
or specified distance or any combination thereof (Fig. 42).

The ground andphoto-plots within such an area are extracted
fiom tie database and run through the sorting routine and
calculation process. Ouputs consist of vadous degrees of
deiail from species/product combinations by strata to total
volume summaries, with associated error estimates. The
volume summaries can be supported by map products
highlighting the areas involved.

B ecause the inventory has been designed to answer specific
questions relating to the resouces contained in defined
areas under specified utilization criteria, logically the
major ouDuts will be maps showing specified areas
accompanied by tables of volume data and description of
the utilization criteria.

One map,forexample(Fig. 43),mightshow theboundaries
of the interrogation arca, plus all of the areas which have
been excluded from the volume statement, such as private
property, consewation areas, road, river and stream reserves,
areas currently being logged, areas logged since
measurement, and other areas excluded for various
pu4)oses, such as bauxite mining. Anotier overlay or map
might show the distribution of samples in the area
(F c.'K).

Tables of volume estimates that might be required could
show, for example, volumes of products within various
species, silvicultural and condition classes with an
accompanying key to explain the criteria used to define
each of the products (Table 6).

Accompanying each fable could be a statement of risk
showing the probabilities associated with resource
commitments at vadous levels (Fig. 45).
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Figure 43
Sample points and State forest within 20 lm of a plocessing plant.
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Table 6a
Volume output statement.

Hypotietical example ofvolume output per fectare by species, silvicultural class and product grade

Sawlogs

1st Grade 2nd 3rd Grade Chip Power Fence Indusrial Waste Toul
Grade wood Poles Timber Firewood

Live standing trees

Jarrah old-growth 10
Jarrah regrowth 3
Jarah crop trees 4.5
Mari old-growth
Malri regrowth
Wandoo 1
Blackbutt 0.5
Other species

5  1 1
3 4
3.5 9

1 2 0
10

1 2
0.5

7
0.5 0.5 4
2 1
I
I

8  4 1
3  1 8
8 2 8
8 3 0
9 2 0
7 6
1 2

1 4  L 4

subiotal 19 13 27 30 4.5 0.5 12 53 159

Dead wood

Jarrah
Mari
Wandoo
Blackbutt
Other species

50 20 70
20 20
10 10

) l

5 5

Subtotal 50 60 110

Total 19 13 2't 30 4.5 0.5 62 113 269

Table 6b
Key to product specifications

Minimum Minimum top Sweep Percentage defect Othcr special
length (m) diameter (mm) percentage (max) sectional area constran$

Sawlogs
lst Grade 2.1 250 3 50 No pinhole borers

2nd Grade 2.1 250 4 70 No pinholc borers

Small 2.1 150 0 5

Short 1.0 250 3 50

Chipwood 2.1 100 5 70 07o charcoal

Poles 9.5 150 I 10

Piles 11.0 200 I 10

Industrial rounds 1.8 60 3 10

Industrial firewood 1.0 100 5 80 07o rermires
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