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Incorporatmg biological regeneratmn !
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forest regions
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-Resource Economics Society
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Government agencies in Australia are often asked to assess the economic,
environmental and social consequences of either allowing mining to proceed
withinan area ordisallowing it in favour of environmental conservation, These
assessments have usually produced an estimate of the econpmic benefits that
mining in the area would generate, with possible environmental costs being
examined in physical rerms only. As a result, decision makers will inevitably

view the present value of econonic benefits from mining it a ‘threshold’
fashion =~ that is, it represents the minimum size of the environmental ¢ost of
mining required to make conservation the socially optimal choice,

- In this paper a theoretical framework for walculazing the threshold
environmental value of a defined area is developed, where both the potential
: mining benefits and the rate of bivlogical regrowth following mine
rehabilitation are known, Inclnamg the rate of biological regrowth allows, fm
the calculation of & more meaningful figure, as the bemﬂts generated by

, rehab;lzlatwn are ewlicztly considered.
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- Introduction

~ As community concern about enyironmental issues grows, there is an inctensing demand
for benefit-cost analysis of proposed mining operations to include environmental impacts.
In most studies of this type (see for example ABARE, AGSO and BRS 1993 and RAC
1991) the net economic benefits of mining are quantified, as the costs of mining and the
prices received for future mine outputs can be estimatzd. On the other hand, environmental
costs are often difficult to quamzfv, and are usually examined in physical terms only, When
non-market values of the ared in question are estim.ted (often through contingent
valuation), such values are often assumed to be CQmplntﬁ.ly ergone in the event of minin g
~ that is, regeneration of environmental damages is not considered.

When the net economic benefits of a proposed development can be estinated, bur the non-
market costs caanot, & ‘threshold” approach is often developed, or implicitly adopted?, In
these situntions the measured economic benefits of mining often have the interpretation:

‘unless the environmental costs (discussed qualitatively) are greater than the
bencﬁts, from mining (estimated quantitatively), then mining should proceed.”

This approach is often tha only optwn available, because of the difficulties associated with
valuing both the current level of environmental benefits and the physical damages that
" may result from mining, For certain types of mining activities, however (such as bauxite
mining, which covers wide areas and has minor offsite effects), the 'physical‘ relationship
between mmmg and enwronmcntal damages and subsequent revencratlon is often
measurable, RS

In this pdpet" a model is develuped to incorporate data on the biological rcgéheratian of
forest ecosystems following minesite rehabilitation (along with the estimated net
-economic benefits of mining) into the calculation of a threshold amenity value, Including

~ the benefits from bmlogxcal rcgen“ranoﬁ produces a more meuningful threshold amemay
value, which, unhke the mining benefits alone, may justifiably be compnred withestimates
of the non-mining value of the area in its initial condition,

1 rhe thresho(d appronch has been canded ina numbq.r of case szud;es to incorporate growing demand.
forenvironmental amenities (ind licnee geowth in environmental values) over tinie (see for example Krutifla
and Ciceheiti 1972), The approach adopted here differs {n that growth in envxmnmentai nmemty vaiues Is
tied to the bmfugzcal rcgcm.mum of the forcﬁt ccos}'slem‘
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The model

If the area {s mined, it is assumed thart benefits from mining (which are measurable and
known) and benefits from the environment after mining and rehabilitation (which are
unknown) will accrue If mining dees not oceur, it is assumed that only amenity benefits
from the environment witl acerue, which are unknown, Amenity benefits are taken to mean
all of the non-mining values which are derived from the area.

The threshold value is defined as the amenity value of the forest ecosystem in its initial
(premining) state that is required for the net t‘){:‘neﬁts from mining and rehabilitation to equal
the net benefits From vonservation. This value will be at least equai to the mining benefite
which represent the threshold value in the hmiting case of no rehubilitation benefits.

The condition required te solve the threshold value can he expressed as:

o ; M-X %f‘z‘,»“}n }'xzme Pdre AT
i} &

where
M = net economic benefits from msming tin pemd o ,

X = total rehabilitation costs follow mg mining \in pericd 0

= flow of amcmz;. values at time ¢ ~
a = the flow of amenty benefits from the forest in xts prmme {or mmai‘* state
(agsamed (o be constant over timel;
r = disconnt rate;
AT = threstold pres&:m value of amenity benefits.

Note that for ﬂlmphm&y. the ne; mining beneﬁts and rchabdxt.mon »cms arg ﬁsaumw* o
oceur instantaneously in penod 0. ' ‘

Assume that the floral and faunal species affected by mining are re-¢stablished in a
standard logistic fachion following rehabilitation and that this function adequately
deseribes the environmental charactenistis that provide amenity benefits®

' 2 %:izt almas: :my ﬂam ﬁfw ;mpux:mons that increase o an nsvmpmnc fevel will fic the Iogmu: madel to
sorme ii»gme, % bem:r mwn be obained i nost cases wnh ahcmntwle models {thk i?’?ﬁ)
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where : I

= masimum enyivonmental index of forest in its ‘pristine” (initial) stage;

minimurm enviropmental index of forest (immediacely after mining);
envirommental mndex at time & |

= instantaneous rate of growth when [, is elose to zero: ‘

B = the *success’ of reh abilitation, w here 0 < f3 < 1. For example, }3 = () 8 im phcs the
index converges towards 80 per cent of the initial indes number at ¢ an exponential
rate as t u’ppmmuhca infinity. '

i
o g

=
it

Assume that the amenity values fron the forest can b& translated into dollar equivalents,
and that there exists a continuous and well defined cardinal money utility function which
relates dollar benefits to the fevel of the environmental index. It i eot necessary to speeify
a specific cardinal utility function, hcmwen a functional form for the mihw function will
~ he xmpmcd ‘ ‘

where 0 < < 1; and A is any positive number

In equation (3) a val lue for o will be assumed (which will alfect the ratu at wh ch utility
diminishies); however, a value for Awill not be specified, Note that qr< 1 implies dec.reasmg
margmal utility, while or= | implies constant marginal utility.

| Substituting (3) and (2) into (1) gi’vas:

x
M~ X%*Z}( : } '"”dt*lfl “e"dr=0
0

o B Yo 1,,,,“7
{l{(H Tree?) © 477 {=0
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Motice that equation (61 ¢an he solved and that it is possible to solve for a, and 4,

~ Substituting (2) into (312

. : ] {11
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Rearranging (61 and substiruting 1nto 134 in the case where @, =

"
o . : o, = 1‘!1”‘ X
8 ‘ #o ‘ = }tt}v

Equation (8) is the threshald value expressed as a per unit time flow (in period 0 terms)
Note that af!,‘is. not changed if the environmental index is rescaled by uny multiplicative
constant. In this case, therefore, , is only affected by the refative difference between L
and [, and not the choice of units. e s

In muny cases it will be more appropriate to present the threshold value as the present
- value of all future amenity benefits resulting from conservation, that is: 6
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' _‘ “between 450 and 500 hectares of Jarrah | foresns clenridina year, Since 1966 f\lcoahas ;ehabihmte& 7 120 7'

o hvmg soil fungi, bacteria and mictofauna’ (Horesiacy 1992).

‘ :;\w:m! and Koch 61996) rccently exnmined 3hé:' biomass amd numcntdlsttibd"lonm
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Case study baux:lte mining in jarrah forests

- Toprovide simpliﬁéd exampie of how this approach may be used, the 'foliawfingj case study

utilises some actual and approximated data and relationships to calewtate the threshold amenity
value of a hypothetical deposit that is overlain by jarrah forest, In box 1 the nature and history

of bauxite mining and rehabilitation in Western Australia’s jarrah forests is provided.

,Ecom)mlc aasumptmns

For the actual application of this method, it would be necessary to estimate the economic
value of the option to mine bauxite within the case study area. Uniike many types of mineral
deposits, there are usually good resource estimates available for bauxite because of its
surficial nature (see box 1, so thatestimating this value would be feasible. In this ease study,
however, a threshold multiplier, s, has been constructed which illustrates the factor by which
the net economic benefits (M - X) must be multiplied by to obtain the threshold value,

That is,

10, |  ap =M=

Whiere s is defined as the threshold multiplier.

;‘ch I B:xmx'iié m’in’iug '

il

Baumtemnmng invnlves lhc rcmoval of an enum ]atenua soil pmﬁle whnch is ﬂch m iron and alunumum :
- ‘oxides, Mostof Alcon Australia Limited's bauxite reserves lie within 44200 square kilometre area of state
forest to the south east of Perth, With cutrent pmducnon of around 20 million tofies a year of bauxite, |

Pué)r to mining, Dvedyfng vegemuon is
. stripped and stockpiled ot immediately {rans| ;
, hndetlymg clay is deeply ripped and the mpsoﬂ replaced If the topsoi i

replaced quickly i still contains -
Australia, initially exotic pine
However since 1988 species

‘species and cucalyptus spécies native 1o, the éastemfatws wc:ré pianied,,
- which are indigenous to the areas being mined h h
- sustaining jarrah forcst ecosystem (Ellxor, etal ; 99@)

.

growing on a rehabilitated bauxite minesite, The: 9,85 hectaré site had beert
. mixture of eastern state Acacia understorey and L“ucaiyplus ows ey !
Kilograms per hectar¢ mono-ammonium phosp ate, Ward :
_ biomass on the site had increased to 23
“polesstand jarrah, compared to 4 biomass of aro
5 3‘2»43) (ﬁshoumbc noted, howevc fore
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Substituing (8) into (10):

;;”/3“}’(0 ; ”
In this example it is assumed that the social discount rate is 6 per cent, and that as the
ecosystem regenerates the rate at which social benefits increase is constant. That is, the
soeial value function for the amenity benefits produced from the area displays constant
mar gmal utility, so that & (equation 'ﬂ is set equal to one,

Biological assumptions

For simplicity, it is assumed that growth in environtental quamy (on which nun—market

values are based) can be represented by an index of above ground cellulose biomass, using

a logssm function as shown in equation 2. The growth l‘unctmn index is bcalud such that
= 100 and I, = 1. :

As mentioned in box 1, Ward and Koeh (1996) recently measured the growth in above
ground cellulose biomass on a rehabilitated minesite and compared this to the biomass
ina nc‘atby 60 year old pole-stand of jarrah. The Ward and Koch result of 23 per cent
biomass regrowth within 15.5 years would be consistent with a growth rate of 0,22 for
equation 2. However, because the Ward and Koch data were based on castern state
species (which grow somewhat faster than jarrah) and corp ired with enly a 60 year old
stand of trees, a growth rate of 0.12 i5 used in this example (implying 23 per cent
regeneration after around 29 years und 80 per cent regeneration after around 50 years),

In addition it is assumed that rehabxhtation is completely successful, so that Bis set
equal to 1.

Resulls and sensitivities
Using the above base case assumptions, it was fmmd that the threshold muluplmr was
1,17, Hence, the effect of including biological regeneration is to raise the threshold
amenity value of the forest area by 17 per cent of the estimated net mining benefits, In
figure 1 the present value of each of the annual amenity benefits (as an index with ¢, =
100) from rehabilitation and preservation are shown from f, to #,,, Equation (8) is
essentially setting the area in this diagram between the two curves equal to the net
benefits of mining. It can be séen from ihis diagram that given a discount rate of 6 per
cent, the mmal mgrowth is the most impon.mt, and that which oceurs past 60 ycaxs does
not nffect the results sigmhcantly. ‘
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The following sensitivity analyses were run using the base case assumptions of the case
study, whilst varying the key variables over a relevant range.

, Smmhwty oo

Under the current assumption abont me funetional form m‘the ufility function (given by
equation 3), the threshold multiplier becomes less sensitive to o:as ot inereases (figure 2),
Setting orto 1, as was done in the case study, is the most conservative choice available
under the current assumptions about the functional form of the utility. function, as this
produces the lowest threshold multiplier. The intuition behind this result is that
diminishing marginal utility implies that initial increases in urility from unit increases in
biomass are worth more than biomass growth in 5ub*«‘equcnt yeats, Thia effect is
compounded by the positive discount rate,
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Sensitivity to the success of rehabilitation | f

"The threshold multiplier inereases with f from a value of 1 when B0 (no rehabilitation)
to 1,17 when = | (completely successtul rehabiliiation), As ca: be seen from figure 3,
the threshold multiplier is relatively insensitive to changes in fffor a large range of possible
values of ff (the threshold multiplier lies between 1.08 and 1.17 for values of ff ranging
from 0.3 [0 1). However, as can be seen from equation (83, the sensitivity of the threshold -
to /3 would increase if @ is set to a value less than 1.

Sensitivity to the growth rate of the environmental index

It is apparent that the choice of growth rate has a significant affect on the threshold
multiplier (figure 4), However, as this growth rate will generally be estimated from
available data it will be possible to report the range of values of the threshold multiplier

| 4 Sensitivity to growth rate e m
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associnted with the variance in the estimiite of the growth rate. Inthis example, fora growth

rate of 0.1 (which implies 50 per cent regencration after 46 years and 90 per cent
regeneration after almost 70 years) the threshold multiptiez is 1,12, while for a growth
rate of 0,15 (which implies 50 per cent regeneration after 30 years ang full rcgcxwmucn
amr around 70 years) the threshold muluplxcr is 1, 6

- Sensitivity to the dis; count rate

- Ttis apparent that the choice of disvount rute has an xmpormm bearing on the threshold
multiplier. At r = 0.05 the threshold multiplier is 1.23; however, as r is increased to 0,1
and 0,15 the threshold multiplier falls t. 1.05 and 1,03 respectively (figure 5), Tt can be
seen that for mast values of r (in this case r > 0,003), the threshold multipliet decreases
a5 rincreases. o

Some issues in apphcatwn

The preceding analysis demonstrated that, under cectain csryumstances, including
regeneration can have o sighificant effect on the threshold amenity value required for
mining to be considered suboptimal. Despite the potential importance of including this
 effecs, there are some issues concerning the practical application of this concept which

need to be considered, Many of these issues, however, such as the choice of discount rate,

~ are endemic to environmental benefit-cost analysis and will not be detailed here,

~ The eritical relationships underlying the model are the environmental quality regeneration
function and the environmental value function. Although the issues concerning these two
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where g, = ‘irrx:vcrsnble annual benefits which do not graw bick following mining, A«s
such, the anpual thresheld value, @, may now be written as:

A’j X bl M!w

“r
) Lw!j(l)»(”

It should be noted that including the effects of environmen v ; apeneration will still be
an important factor in the overall analysis, even if the% types of values cannot be
-~ estimated. ‘

Aside from these aggregation issues, there is also the issue of the actual form of the

ageregale environmental utility function. In the model presented it was assumed that the
cardinal tility function took a particular functional form (equation 3), with the only
parameter requiring specification being e which determines the rate at which marginal
utility diminishes. However, it could be expected that the wtility function could take a
variety of functional forms, depending on the nature of benefits associated with the forest,

- For example, it may be the case that at least initially aesthetic and recreational values

exhibit inereasing marginal utility with respect to ingreases in environmental quality, In

the long run, however, it could b expected that as the forest matures, marginal utility for

most types of direct use and non-use amenity benefits would decline, This would imply

a functional form similar to the logistic function assumed for the environmental index.

Despite these uncertainties, it could be expected that there will be Jess restrictions in
e\‘:timaﬁng the general functional form of environmental valuation funetions (as required

in the threshold approach), than in estimating an exact point on such a schudulcz fora
specific level of environmental quality (as required in a full beneht»mst analysis),
Further work on the nature of cardinal environmental value functional forms, perhaps
derived from revealed preference and contingent rating studies, may shed more light on

this issue. The applicability of the contingent ranking approach has not yet been fully

established; however, it could be useful for this purpose and appears theoretically valid

(Department of Environment, Sport and Territorics, the Commonwealth Department of
Finance and the Resource Assessment Commission 1995), In addition, Mackenzie
(1993) found the contingent rating mathod wag mmrmatmnaly more cfﬁmcnt ﬂmn
standard contingent vaiumiom




a%umptmm are clmuy mlated they are deult w;th s,qeparmely below in ordex o
differentiate problems of physical mensurement from problems of economic valuation,

The choice of environmental index

In the preceding model it was assumed that the environmenial mdax efl fectnvdy captured all
or' the relevant use and non-use benetits. As o first orderapproximation, the index was derived
from data on the regrowth of above ground cellulose biomass on rehabilitated minesites. Tt
must be noted, however, that this type of index is unlikely to successfully aggrepate those
ch‘u acteristies of the forest from which all benefits are derived. Some physical benefits, such
as the water generative capacity of the area, may notbe related in a positive and linear fashion
to an index based on biomass regrowth, Where these effects are likely to be significant,
separate indexes which account for divergent growth rates of different aspects of
environmental quality shoulid be used. Correspondingly, separute value functions will be
required; however, they need not take a different form to those used with other indexes,

The chmm of the utility mn«:fmn s form

As with the environmental index, i in nportant issue coacerning the., va!uv function is what
sortof amenity benefits the spwﬂed formis likely to capture ~-and not capture. Aithough
acsthetic and recreational values could be expected to display # reasonably linear
refationship to some index ofenwmnmmal quality, it is possible to think of some values
which may well be discontinuous with respect to such an index, For example, there may
be some use and non-use valm‘; attached to a forest simply beeause people are aware that
the trees predate l:umpe.an smtlunent {see Randal 1991 for & taxonomy of resourcs
values), ~

Howevyer, the interpretation of the threshold value charges in such circumstances where
these types of values are likely to be significant and eannot be estimated, The minimum
environmental cost required for mining to be suboptimal it this case will be equal to the
threshold value (45 deseribed here) less the values not accounted for in the specified utility
function and environmental index. IF the existence value of preEuropean forest could be
estimated however, this could then be subtracted from the estimated threshold and iscluded

in the amlyms,. In this case, the threshold expression (equation 1) may now be written;

A M‘wX%*fzz,t:””zlmfrzi,ef""dtdffzi‘ewz”"fl i
e




Dlsaggregatmg the thres'hold analysn and othc:l extensions

The issues identified above are to a large extent problems associated with the aggregation
 of non-nsining benefits into one index of environmental quality and one function of
environimantal value, In the threshold model presented, the only benefits which were
~assumed to be able to be measured were the potential mining benefits, In some cases,
~ however, it may be possible to measure certain non-market benefits associated with forest
use, For example, it may be possible to estimate the value of recreational demand for the
forest in its current state using the travel Lost'mcthud, and then this could be used to
c.»l«.ulaw the net redvetivn in recreational benefits associated with mining,

The effeet of separately identifying the recreational benefi ts and netting them out would
be to lower the threshold value, as some of the environmental costs would now be
- quantified, Itis expec cted that this would make the nﬂmpremttcm of the resultant threshold
value easier for two reasons. First, the value would now pertain to a smiller subset of the
non-market values (pnssn,b!y only non-use values), and therefore have greater decision
- making practicability, Second, the index function and valuation functions would be less
aggreguted, and therefore potentinlly more accurate as some of the aggregation pmblems :
memmmd carlier wmﬂd be mitigated to some extent, CEoE

Another possible extension to the model pr’cscntedhem is to incorporate some uncertainty
into the whole valuation procedure, This could be achieved by making'ﬂ(the rehabilitation

success rate) a random variable, The distribution for feould be obtained from data on the

successfulness of rehabilitation of ecosystems elsewhere following mining, |

Conclusion
Whisg considering the economic benefits of 4 proposed mining activity against the
environmental costs of that acmy a threshold approach is often adopted, where the net
ecoromic beuefits of mining are taken to represent the minitaum environmental costs that
are required for mining to be suboptimal, It has been shown that for mining operations
which cover large areas of lgnd, and therefore have environmental impacts which are
largely contained onsite, éncluding the level of environmental regenemtwn I‘ollowmg
minesite rehabilitation can have a significant 1mpact: on the threshold value,

The examplé of’bauxite mining and rehabili‘tation developed here found that the threshold -
value is 17 per cent higher (under base case assumptions) when environmental
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regener ‘on is included in the analysis, The results are sensitive to the rate of -
‘environmental regrawth, the discount rate and the functional form of the utility function
for non-market forest g godils*. The dynamics of regencration has a crucial bearing on the
~economic value of regrowth, with the benefits from re&,ancmhon after sixty years not
 affecting the threshold value significantly,

The threshold approach was used as the vehicle to incorporate environmental regeneration
for two main reasons. First, it is often the case that non-market values are unavailable. i
Second, the threshold approach enables environmental regrowth to be incorporated inio
the analysis without having to estimate actual dollar values for different levels of amenity.
The importance of including regenerative effects discussed here also applies in situations
where non-market benefits are estimated, |

As with all environmental valuation techniques there are a number of issues whichemerge
in the practical application of this method, most notably the aggregation of environmental
values. Certain types of benefits (stch as the preservation of old growth forest) would not
be captured in this analysis because they will not grow back in proportion to biological
regeneration of the forest, The inclusion of these types of benefits changes the
interprétation of the threshold value czft’[éulmgad‘ here. However, the inclusion of environ-
mental regeneration is still an important aspect of the analysis,

If un area s expected to provide benefits for aesthetic and recreational use purposes which
can be related to the enﬁimmnénml quality of the forest, then it is important that the benefit
of these values increasing as the forest regenerates is considered when examining land use
alternatives. A valuation of mining benefits alone is misleading when viewed as a
threshold, because it is often compared (direetly or by implication) with the percsived
current non-market value of the resource, and not the change in non-market value of the

resource that would occur following mining and rehabil itation, Including the regeneration
of environmental values results in a threshold value which is direetly comparable to what
the perceived or estimated current non-market value of the resource in QUES»thﬂ is, and
therefore has the potential to enable better land use decisions,

T 14
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