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The objective in this paper 5 to identify and guantiiv seme of the cirvent and
potential social benefits from using Landsat TM based tree cover data sels to
make natral resource managemen: decisions In niost cases these benefirs
were uble to be identified. In some cases benctits could be quuntified on the
basis of eost savingy. From these vost savings i was framd that e wve of the

data sets would accrue a positive net benefit 1o socierv.
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Concern over the extentof fand clearing in Vietoria dates back many years. Woodgate and
Black (1998) estimated that between 1869 and 1987 tree cover over the state of Victoria
declined from at least 20 million hectares (88 per cent of the stated (o 8 mitlion hoctares
(33 per cent of the state). Tree cover was defined in that study as “all woody vegetution
with aheight greater than two metres and u density (foliar cover) greater than ten per cent”.
Therefore, the range of vegetation identified included spurse tall shrublands through o
tall closed Torests, native and non-native, including orchards, urban paras amd mallee
shrublands.

The Government of Victoria (19871 identilied tree cover lows on privately owaed lund as
being an issue of particular concern. Scientists believe that the loss of approximately 12
million hectares of tree cover has contributed w the fand degradation problems presalemt
in the state at the moment (Offiee of the Commissioner for the Environment 1991 These
problems include wind and water erosion, drviand and irrigation salinity and various other
forms of environmental problems such as loss of habitas and budiversuy. However, this
is not to deny that much of the state's economic development has depended on the clearmg
and use of its timber resource and resultant use of the fand for agriculiure

While assessments of forest cover can readily be obtained by aertal photography on a
regional basis, the cost of obtaining thix information on the status of tree cover satew de
wias prohibitive prior to the mapping project outhmed o this paper. Ground census was
not & feasible alternative because of the excessive cost mvabved, while ground sampling
was not acceptable beeause of the need o monitor the chimge m vegetation for specific
locations anywhere in Victoria. Satellite imagery was identified as potentially useful for
mapping the current status of tree cover in Victona and also lor monttoring change m tree
cover over time.

The objective in this paper 18 to identify and quanuty ~ome of the current and potential
soctal benefits from using Landsat Thematic Mapper (TM) bised tree cover data sets to
make natural resource management decisions.

The Australian Space Office has funded this econonnce research because s mterested in
the retumn 1o socicty that investmeni in remote sensing is making.
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To coordinate and re-establish tree cover across the siae the Tree Victoria program was
established within the Department of Conservation and Natural Resouwrees (DONRY i
1989, Part of its objective was to map free pover for the slate to provide haseline
~infermation gs at the commencement of cleanng conrols in late 1989 In particular, 2
project was established, through the Remote Sensing Sevtion of the DONR, 1o achieve
this goal. The ensuing data set of tree cover in Vietoria for 1990 was hased on Mtxdmt
T™ imagery and was completed in Jate 1992,

The objectives of the Goodson, Githee, Choma and Frazier (19921 study, which
established the data set, were as follows:

< to develop a krgely compuier controlled mupping technigue that could moutinely
generate aecurate digitad information on the Tocution and extent of tree cover across
Victoria for the purposes of free cover manitoring.

* toprovide baseline data sets of actual tree coveras at summer 198990 wath a minmam
mapped area o1 vne hectare, and incorporate these data sets mio DONR s corporate
Geographical Information System «GISy: and

¢ o produce area stitements of summer 198990 tree cover, by bnd tenure

Algorithms were developed inorder to sdentify areas of tree cover greater than one hectve.
The results are preserted i the draft report (Goodson et al, 19921

The final output comprised 126 individual 1:100 000 map sheet hiles. The anwalgamation
of these in a digital form has become known as the 1990 tee cover data set Wik
currently underway to produce a subsequent data set. hereafier callod the 1993 data s,
and also a tree cover duterence data set which will identify tree cover changes hetween
the two mapping pericus,

These data sets contain information on the presence and absenve of tree voner on hoth
private and public land. They also contain magor roads, waterways and regunal
bounduries.
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Areview of the availuble literature both within Australia and internationally revealed that

there appears 1o have been no eeonomic analyses of projects which have used sarellite

~remote sensing to map forest cover. Similarly, ABARE is not aware of any comprehensive
economic analyses of other remote sensing applications in general.

There have beena numberof partial economic assessments of remote sensing applications.
These have been mainly costings and/or cost comparisons of particular apphications. There
have also been some quatitative type assessmients of the pature of benetits acerting to
apphications but there have been very fow attempts to quantify these benefits,

The evaluation criterion tsed to assess the sociad value of the application wis net present
vatue:

5
ih Net present value = ?%f“ B Cif v
where:

B, =benefits in vear 1 in real terms

C, = costs in year 7 in rea) terms

T = number of vews being discoumed

r = the real annual discount rate.

The benefit—cost ratio was used as an additional evaluation criterion:

7 ?
- . 1R e e
1964 Benetit-cost ratio = g'—'&mm'“} 4 %( Hilrd
where:

B, = benefits in vear 1 in real terms

€, = costs in year 7 in real terms

T = number of years being discounted
r = the veal discount rate.

The time frame chosen for the study was ten vears, The costs ineurred for the ereation of
the 1990 and 1993 data sets and the benefits related to one full eycle of menitoring we
assumed to oceur over this period. This time profile was also vsed because the mapping
technique using Landsat TM data is likely tobe superseded due to developments in satedtine

p :
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s,uhseqnmzr processing tauhmqum are | 1haly 10 be comy mumﬁ with current twlmmuw

The real discount rate used in the study was set at 8 per cem as recommended by the
Victorian Treasury for project appraisals in that state, The Victorian Treasury has

“estimated that an 8 per cent rate presently represents the margin above the real cost of debt
to the Victorian goverament but dees not invorporate risk premiums which require
separate considerations and which are inherent in alt capital commitments (Department
of the Treasury 19931 ‘

Costs of tree mapping using Landsat TM

The costs involved in mapping tree cover using Landsat T™M data were collected i close
- consultation with the DONR officers administering the project. The costs were vahidated
and confirmed by the DONR to be aceurate representations of the actual costs wmeurred
for the 1990 Landsat TM based data set and of those expected to be incorred for the 1993
Landsat TM based and tree cover change data sets.

Only the direct costs of mapping tree cover such as data processing and the cost of
purchasing the satellite imagery were measured, No attempt wis made to measure the real
cost to the United States government, the owners of the Landsat satellite, of providing that
information. This type of measurement was deemed to be outside the scope of ~ study.

The costs incurred in tree mapping were either capital or recurrent in nature. Capuial
expenditure was defined as expenditure on items that provided services over more than
one year and was incurred for the equipment required for data set production and for the
required floor space of the tree mapping project. Recurvent expenditure was defined as
expenditure that varied from year o year and included costs which were incurred in
conjunction with using the capital items. For example, these were the purchasing of data,
the stuff resources required to underiake data set production, and for materials,
adminisiration. energy, postage and telephone.

The 1990 Landsat TM based uee cover data set was ereated during the period 1990-91 to
1992-93, while the 1993 Lundsat T™ based data set is heing created during 1993.93
Therefore, the 1990 Landsat TM based data set taok approximately 27 months tocomplete
while the 1993 duta set is expected to take only 12 months to complete. The 1993 data st
will comprise a tree cover difference data set that will highlight any tree cover Jost since
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pi se, i
a revised 1990 tree cover data set and o 19

3 data set.

“To simplify the analysis it was assumed that both the 1990 and 1993 Landsar TM based

data sets were commenced at the beginning of the 1990-91 and 1993-94 financial years

respectively. Hence. the 1990 Landsut TM based data set was assumed fo be completed

in October 1992, white the 1993 Landsat TM based data set was assused (o be completed
in June 1994, |

The steps involved in mapping tree cover using Landsat TM data are by nature comples,
involving the use of various computerised data processing procedures. Broadly ihese
procedares are: image analysis, processing of data wathin the DONR corporate (IS,

~ground truthing of results against information obtained from field surveys and acrial
photographs, and finul production of data sets.

Animportant dilference between the 1990 and 1993 mapping procedure is that the DONR
will be using more advanced computing equipment and software i the 1993 dota set,
aflowing faster processing of information. These technological advances have
contributed, i part, to revisions to the actual mapping procedures, leading to niany data
processing steps thut were included in the 1990 Landsat TM based data set o be either
integrated processes or no longer necessary for the 1993 Landsat T™ based data set

A summary of the costs of producing the Landsat TM based data sets over the life of the
praject are contained in table 1.

The costs in each of the years of production were converted to 1990-91 doHars by the
consumer price index (CPI) as recorded by the Anstralian Bureay of Statistes tABS) for
1990-91 and 1991-92 and estimated by ABARE for 1992-93 to 1993-94. The indexed
costs are shown in table 1.

The present value based on a real discount rate of 8 per cent for the indexed cost profile
in table 1 was about $394 000.
Benefits of tree mapping

There are many users and uses of the Landsat T™ based tree cover data sets. Qaly the
four principal uses and users, as shown in table 2, are described in this paper.
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199091 199192 199293 (w9304

 Capital expenditure , $ ] $ $
Fyuipment and building ‘ ‘ E ‘
space requirements syyn 11491 39 s
Recyrrentexpendifure , :
Drata acquisition : 23135 2875 47 D
Datg processing L 38 2am 41292 51 37587
Ground truthing 6387 6714 183 17108
Project materials 4350 4396 1 099 5 305
Administration casts of project 17436 17714 4 493 177173
Energy 1081 1175 294 1264
Post and phone 594 64 2 A2
Total costs 151 347 g 351 64 Bl & 236
ABARE index 100 TR LES I 8
Indexed costs 1990 151 347 16 435 & 565 108 406
Discounted indexed costs 134 37 48 551 8792 &6 056

Present value of indexed
costsin 190091 dollurs 393 380

Following is an individual background and description for each of the uses in table 2 and
a discussion of the valuation of that use. In some instances it was possible to provide
surrogates or proxies for the benefits. In other situations it was only feasible to determine
the possible nature of benefits.

Where this technology replaced anather means of collecting the informativn, the henefits
were in the form of potential cost savings and any additsonal benefits. such as improved
accuracy. The fact that the 1990 tree cover data set is harely operational and the 1993 and
tree caver change data sets were not completed at the time of writing this paper
complicaled the saluation process.

Table 2: Selected uses and users of Landsat TM based tree cover data sets

Use User
+ Input into old grosth foresis project DCNR - Remote Sensing Scetion
< loput isto bush fire management Country Frre Authority
* Munitoring tree cover chinze PONR -~ Gifiee of the Poavironment
* Monttosmg rovogelahan BONR - Tree Vivtong

7
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Brm}s,gf ound and das or a'pm;iz

“In 1992, the Remote Sensing Section of the DONR rece

of Primary Industries and Energy for a project titled *Classification and assessment o old
arowth forests in the East prm!and Forest Management Area’. This became known a8
the old growth forests project. The aim was to canstrugt an ohjective and scientific: Iy
eredible set of map based datd describing the characteristies and values of the range and
“nge classes of forests in Bast Gipplana with o major focus on the older ape elasses,

ed funding fromthe. mfpmtmem

 The uld growth forest project essentinfly involves the manual interpretation of acrial
photographs of regions where old growth foresis are present to provide area maps of old
growth. Old growth forests may be defined subjectively on the basis of fulfilling several
eriteria. These include location, growth singe of forest, fire history, presence of forest
diseases and previous logging history. The fulfilment of all these criteria can best be
determined through visually interpreting aerial photographs and researching historic
records. In East Gippsland it is estimated that there are about 7 million cibic metres of
sawlogs and about 29 million cubic metres of pulpwood in old growth forest areas
{Streeting and Hamilton 1991),

Currently the old growth forests of East Gippsland and the Central Hightands are being
mapped. 1t is also planned to map the Central Gippsland, North Bast and Colac Regions
over coming years. Each region can take up to several person yeurs to complete.

Tdentifying and valning associated benefits

The main benefit of using the 1990 tree cover data set is that it reduces the time required
to map old growth areas. The wee cover information contained in the data set alfows for
the targeting of aerial photographs which require interpretation

One option to value the benefit was to determine how much more it may have cost 1o
complete the old growth forest project for East Gippsland in the absence of the 1990 tree
cover data set. The original application to the Departiment of Primary Industries and
Energy lor funding for the area was $325 000 based on the expectation that the tree cover
data set would be used. The costings in the application were then reworked assuning that
the data set was not available. Under this scenario the funding required was estimated to
be 5 pervent higher at $341 250(Peter Wondgate, DONR, personal communication, 1993y,
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in costs,

1T East Gippsland is a representative region and each of the other four Forest Management
Aren’s receive funding {not necessarily all by the Commonwealth), the discounted net
beaefit accruing to the ézsﬁ: of the tree cover data sets could be in the order of $60 075,
This is assuming that one area is completed each year from 1993-94 10 1996-97 and the
cost savings accruing from using tree cover data sets for these regions are similar to those
for East Gippsland.

There are potential social benefits aceruing from fpmmming ald growth forests, and the
associated conservation mf’biudivarsily. However, the amount of the benefit of preserving
this resource direetly attributable to the tree cover data set would be difficult to estimate
with any degree of accuracy.

Bushfire management

Background and description

Bushfires throughout Australia are a major source of risk o lives and prapety. For
example, the Ash Wednesday bushfires on 16 February 1983 burnt over 335 000 ha of
land, claimed 73 lives and caused property losses estimated at $450 million (Cheney
1993). This damage occurred in a period of less than 12 hours.

The Country Fire Authority of Victoria is responsible for the prevention and suppression
of fire and the provision of rescue services to the people of rural Victoria in the event of
fire. Under the Country Fire Authority Act of 1958, the agency is obliged to make
decisions related to lire prevention und suppression based on the best information
avaulable and to provide the best possible advice to rural Victorjans in bushfire prone areas
(Garvey, Stephenson and Whelan 1992),

In recent years the Authority has adopted GIS technology and related models to improve
its bushfire management capability. The overall GIS system used by the Authority is
known as the Operation Management System which can model and predict the likely
impact of fire. This system can also fucilitate the effective planning and responses o
bushfires by the Authority to minimise the Joss of life and property.




These are the Remme Aumxmuc Weather Statmn System. the curing index l‘m emps zmd
pastures, the Dynamic Fire Spread model, and bushfire threat mapping mmponmu.x
(Garvey et al. 1992), The 1990 tree cover daia setis an input into the curing index system,

Iden ti‘fyi‘n g and valuing associated henefils , ‘
Timely and more aceurate information (including tree cover information) has the potential
to improve management decisions, Improved bushfire management decisions, both
tactically in the field and strategicafly in plannine centres, have the potential ta save lives
and minimise damage to property.

In 1983 the Ash Wednesday bushfires destroyed $9.8 million an hour per fire on average
{Mark Garvey, personal communication, 1993). If the tree cover data set could contribute
to the more efficient control of bushfires then there are benefits which are attributable to
the data set, For example, better information may have reduced the damage estimate from
the Ash Wednesday bushfires to a figure somewhat below the $450 million as stated by
Cheney (1993). Unfortunately, there is no information on the value of potential savings
available and the potential benefits cannot be apportioned directly to the use of tree cover
data sets. The tree cover information is just one small segment/input into an intncate
system of bushfire manageme..t yste: s and Jeeision making processes.

The most direet use of the tree cover data set will be in the delineation of tree cover and
grasslands/cropping areas. The 1990 tree cover data set and subsequent updates will
provide more accurate delineation of these areas than the previous data set (Mark Garvey,
personal communication, 1993). It is importam that tree cover be excluded from a curing
index rating because this index is designed to measure fire fuel status of grassland and is
not relevant for areas of tree cover (Barber 1992).

Strategic monitoring of tree cover change

Background and description

Perhaps the most important use of tree cover mapping is the role that the tree cover data
sets will play in monitoring tree cover change. This potential monitoring role was one of
the principal reasons for the mapping project being originally undertaken. Consequently,
the DCNR - Office of the Environment were the major sponsors of the original project
and are continuing with significant financial support.
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The DCNR has information on the applications Tor permit clearing since the introduction
~of clearing conirols in late 1989, However, it is perceived that there also s a.certain amount
of illegal (non-permit) clearing taking place as well as those with permits failing to clear.
The DCNR requires a relatively inexpensive, aceurate and readily repeatable means of
monitoring the change in statewide tree cover over time. The tree cover data sets have the
poteatial to provide this information under the given constraints,

The 1990 tree cover data set provides the baseline data on tree cover s at the introduction
of the tree clearing controls in 1989, Production of a 1993 tree cover data set and the
subsequent identification of changes in tree cover has the potential (o provide the DCNR
with key information required for strategic monitoring of tree cover changes over time,
and consequently measure the effectiveness of current approaches to native vegetation
refention as well as pmi;itling a basis for assessing alternative approaches.

 Identifying and valuing associated benefits
The tree cover data sets and associated tree cover change datn set provide the initial
targeting and monitoring upon which the DCNR can take appropriate action,

Tree cover data sets have the potential (especially when combined with on the ground
information} to provide information on the {ollowing issues relevant 1o DCNR.

* Determining whether or not clearing is taking place within the prescribed time after
permits have been issued,

* The extent of illegal clearing.

* The amount of revegetation taking place. This could he where clearing had occurred
but the area has since been left to revegetate.

Monitoring of vegetation cover change will allow appropriate advice to be presented Lo
the government and will facilitate the targeted allocation of resources for education.
replanting and habitat protection effort to those areas of greatest need and where greatest
benefit will result.

The Victorian government is currently developing draft Catchment and Land Protection
Legislation. Monitoring of change and the setting of clear statewide and regional targets

1
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will be an essential requirement in formulating effective integrated catchment
management arrangements in Vietoria,

Details of the actal valuation of monitoring tree cover change is presented in the
[ollowing section in conjunction with information on the valuation of monitoring
revegetation.

Strategic monitoring of revegetation

Backgrownd and deseription

While the Office of the Environment is primarily interested in monitoring tree cover which
is being lost, Tree Victoria is interested in detersiuning where tree cover is being restored,
especially on private land.

Tree Victoria is the state agency, established in 1989, principally involved with
revegetation, Its goal is to plant 100 million trees by the year 2010 (Department of
Conservation and Environment 1990). It coordinates work with other government bodies
undertaking revegetation (such as the Victorian Roads Department) and also works closely
with Landcare.

Tree Victoria is mainly interested in tree cover changes since 1990, ‘Therefore. the tree
cover change data set of 1993 will be particularly relevant. This highlights the strategic
~nature of the potential use of the tree cover data sets by Tree Victoria. Tree Victoria has
a mandate to monitor areas of revegelation on a statewide basis and it is proposed to do
this via remote sensing (Department of Conservation and Environment 1990).

This use is very similar to monitoring tree cover losses as outlined in the previous
subsection. However. there are some interesting differences as compared with the former
application which relate mainly to the definition of tree cover. Because of the definition
of tree cover, it can take up to eight years for revegetation 1o appear as tree cover on the
data sets. Therefore, the 1993 data set may only be able to identify areas ol revegetation
planted pre- 1985, This lag has implications for the use of the tree cover data sets by Tree
Victoria. As with most other cases. it would have to be linked in with other sources of
mformation to maxinuse its effectiveness.

The major use for the tree cover data sets will be in monitoring the amount of revegetation
ocearring on private fand. This will be especially important for monitoring tree planting

12




rt%mm:mmm ui‘ areas of mwg&mmu will be able to sum%lmlmx viirious surveys of
revegetation which have taken place (for examiple. the Natural Resourees Conservation
League recently surveyed revegetation in Victoria).

Anesample of what could happenonce the 1993 change datasetis completed is.as follows.
Tree Victoria may be able to identfy areas of revegetation which it or other agencies have
funded on public auﬂpsm:w fand, Tt may also be possible 1o wentify argas wheie tree
plan-ing bas oceurred on private land without public funding and of which Tree Victoria
was not previowsly aware. This information could provide the basts for reallocating
eduvation, extension, and revegetation funds m onder 1o maxinnse efhiciency #a manner
similar 1o tiat outhned for the tree perms mongoring sysiem,

Identifving and valuing associated benefits

Diirectly valwng the benetits which wifl potentially accrue from stralegic momtoring 15
not possible. Hence. in order to obtain some indication as o the possible extent of benefits
accrumng to groups like Tree Victora and the Office of the Environment, & i necessary
to undertake fess dipeet means of valuation.

One way of vahang the benefit of uang Landsat TM migeny for producimg tree cover
datta sets s based on thie concept of opportuniy cost. This mvalves assessmg the cost of
the mest hest allernative wlhach i this case was acoad photography. This assumes that
willingness (o pay s at least egual o the cost of the pext best aliernatn e Acomprehensie
assessiment of using sersal photographby has been estimated 10 cost 52 564 947 (ABARE
work m progresst

Therefore, the beaetit of pot having had towe aerial photography s the deference betw cen
the vosts of that and ssng Landsat TM. This benefit eguates 10 52 171067 The actual
cost incurred by the funding organisations, Tree Victona and Ofhee of the Eavironment,
(333 0501 of suppertimg the project is subtzacted from this figure e obtam 2 resultant net
benetit of 21 8258 017, Thes i oone way of atienphing to vahue the benety! o orgamisations
whivh ase the tree cover data sebs,

Results and conclusions

Thas pregect dud not set ot © assess the ments of revegetation programs or the pera
syatem. The decsion o create atree cover data set for Victori had already been made

13



a political level. Hence. this project has only determined that there are pet henefits to the
funding agencies in undertaking to-create a tree cover dan set wsing Landsat TM data.

Table 3 grves o summuary of the benefits wentified as acening to the funding agencies for
the old growth forest project and feom using the data set for stratepic monnoring, The
vombmation of these benefis at a real discount rate of 8 per cent s estimated to be ahont
$1.89 muthon

Despite only valumg benelits trom a few applications and heing i the early stages of it
development, using Landsat TM tree cover data sets has a positine pet present value of
aronttud S1.49 muliion and a besefi-cost ratre of 479 at a discount sate of B per cent. The
key assmmption made n the study was that the cost savings realised through the use of
satellite imagery versus the pext best technology vields a dieat benefin to soctety, On this
basss the use of the data sets appear 1o have a substantnid net posst ve benetit to sogiety,

Sensivity fests were carnied out on key parameters such as the discount rate, amd major
costs und benetits. For example. from table 3. alternutive discount rates of 4 per cent and
12 per vent were wsed. From the magnitude of the et present vabes and the benetit cos
ratios, these values were msensstive to changes 1o the mam paraeters,

Only the tour main uses of the data sets were identified and deseribed 1 this paper There
are many other current and potential uses of the tree cover dava seis hut an analysis of
these was outside the scope of this paper.

Table ¥ Sutymary of resulis

Diseonnt rate

4% 8% 12%%
Present vatue of benefits of data sets S % b
Ond growh forest prigect ¥4 Saf MrTa S
SUale e e miioing AEHIER ] N S 67T 06
Teval IR ER ] bOuRN ) § M AAT
Present value of costs of data sets 312 A% EUE RS 37T M)
Net present valuy (R RS M LR 7 Shg P AR an%
Benefit—cost ratin A4r3 37 4 5%
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No atempt was made to value the benefits aceruing from off wdsat T™M
imagery acguired for e tree cover project. These nses were wentified :zsgfiming potentially
important and therefore could influence the opportunily cost pmxy which was vsed 1o
vatue the use of the tree cover duta sets for strafegic monitoring. Similarly. ne attempt was
made at valuing alternative uses of the mapping technigque which has been developed and
is highly Tikely to be a major input into other mappng applications such as that for the
Mutray~Darling Basin vegelation muapping exercise iRitman 1993y,

If 11 was possible to value these and other uses it is Gughly hikely that the net present value
s bepelit-cost ratios would be significantly more favourable. One of the man reasons
the valuution of the tree cover datasets was sodiflicudt was the Tact thag the data sets are
only an inenmediate good and theretore an soput into other decision making systems, As
methods of valng environmental and information resous os are smproved and refined,
i may he possible to provide more accurate extimates of the  lue of ee cover data seis
and samular goods It may also be passible to provide @ more comprohensive assessiment
of the uses and users of these datisets 1 the Tuture as use of thie tree cover data set expands.
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