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Economic Evaluation of Riparvian :LmidiiMa‘m‘\‘gfcmciltf‘Ql’iﬁo‘us

Exccutive Summary

This study looked at the benefits and costs of several riparian land management options. Itexploreda '
range of methods of economic evaluation and environmental evaluation-and then-applied some cvaluation
techniques to a case study in Wollondilly Shire, which is considering the effects of planning optionsto =~
protect riparian land along the Nepean River and 1ts tributaries.

The base case in {he benefit cost analysis assumed that water guality swould continue to'decline and
crosion along the riverbanks would continue unabated. Other scenarios consic’ red optionsisuch as
varymg widthis of riparian land, erosion control, partial orno stock access, land resumption and-provision
of a specific habitat area.

Quantification of costs is gencrally more straightforward thai quantification of benefits. Here benefits
were equated to recreational expenditure using the travel cost method of benefit evaluation. The study
assumed there was a direct rclauonslnp between riparian land management, water quali:y and recreational |
expenditure. Thus, different scenarios resulted in a change in regreational expenditure which:vas
interpreted as changes in benefits. As riparian lands reduce nutrient runoff, benefits were also calculated
as the avoided costs that would otherwise be incurred by a sewerage treatment plant in removing the
equivalent amount of phosphorus. Improved water quality was measured using avoided health COStS.

Extstence benefits from improved habitats and preservation of archacological and heritage sites were
discussed but not valued in s case study.

Costs were calculated as the direct costs of implementing the riparian land options, such asfenging, 1
revegetation and loss of income from agricultural land. The study calculated a benefit cost ratio aswelkas -

the net present value for seven scenarios. Neither of these indicators alone can decide whether a courseof |
| action should be followed, but both indicators should be considercd in the decision making p‘roccss

| The results of the Wollondilly case study indicated that several riparian land managcment options
could be economically justified i terins of benefit cost ratios and et presentvalues.

The evaluation methodology used in this case study can be applied to similar cvaluations in.other regions.
Variations inbenefits and costs will occur-due to site characteristics and major purposes o‘f !
land. While difficulties exist in determining and quantifving certain benefits and costs, i ] d
some quantification are necessary 1o establish the impact of proposed riparian fand: m'magcmem policics.




Abstract

Riparian land management can reduce rupoff, improve water quality and provide flora and fauna hab iat,
This applied study considered the methodology available to quantify benefits and costs of a range of
riparian land imanagement oplions.

A benefit cost analysis af riparion land manageitent aptions was undertaken in Wollondilly Shive. The
study assumed declining water quality, which influenced recreationists' behaviour, Costs assessed
included erosion control, bullding a public swimming pool, fencing, revegetation costs, the cosis of
providing alternative drinking water for stock, and land acquisition. Benefits inclided recreation
benefits, avoided costs of nutrient stripping and health benefits. The results indicated that from an
economic point of view, a 20 metre riparian land width is justifiable within Wollondilly Shire.

A further study was undertaken to wlentify the factors influencing visitor mambers 1o Bents Basin, a
recreation area in Wollonditly Shire. Regression analysis was used.

Keywords; riparian, benefit cost, recreation benefits,
This study was partly funded by the National Landcare Program State Component

1 Background

The riparian land is “the area made up of the bank and edge of river channels and other bodies of
water...The riparian-land forins a critical link between land and water environinents, It shares
characteristics with, and cantributes fo, both systems as well as holding unique characteristics of its
own.....". (New South Wales Water Resources Council 1993),

This area is instrumental in protecting water quality from nutrient runoff and bank crosion while healthy .
riparian vegetation maximises its effectiveness. ‘Runoff, particularly urban runoff, :_causcs:lh‘igh?turﬁidity
and high bacteriological levels in the water, mainly-afier heavy rain. High turbidity makes disinfection of
water less cffective. Rural land use contributes to svater pollution through nutriems,‘chenﬁcal':rcsivdpcs
and salinity as well as soil erosion. Riparian strips can minimise agriculiural runoff such as:phosphorus
and nitrogen (Riding and Carter 1992) and act as-a buffer between {li¢ water courses.and land use.

In many areas the riparian land is neglected and damaged. Poor 'nmnagemcnt4ha$.xcsul"1cclu;in loss'of
vegetation and bank destabilisation. Loss of riparian trees adversely affects the supply-of organic:matter 1o
aquatic ccosystems (Riding and Carter 1992).

The aims of improving riparian land management arc to;

s improve water quality for towns, riparian use, irrigation, recreation, fish habitat

« improve wildlife habitat. The ripatian land.provides shelter and habitat for fauna providing food and
encouraging faunal diversity

« improve aesthetic qualitics of the location

e reduce erosion

» preservearchaeological and heritage sites, Both Aboriginal-and European habuanon focussed on
“watercourses,




Developing a riparian bufler strip1s one strategy in cnvironmental proxeclmm s effccu
‘dependent on its width, condition and pollutants. Riparian vegetation dcts asa filler against
pollution. ;

The necessary width of bufler strips is influenced by their goal, soil type, slope, rainfall

vegetation type. A review of thie Iterature indicates that'bulfer strips 20-30 metres wide :

river are preferred for maintaining water quality (Riding and Carter 1992). Wider huffer: smps are
preferred tor wildlife corridois (Benson and Howell 1993).

mamgcmcm opuous It bncﬂy ouﬂincs the conccpt of usc :md nox\ us@ banul uts m alters
valuing these. The general direct costs of establishing riparian lands arc also discussed,

Some cvaluation methodologics were then applicd to-a benefit cost analysis of'a case study,
Shire. The economic analysis of various riparian land management scenarios highlighted )
lack of readily available data. The study explored the implications of assumplions used by a1¢ grcssi
analysis of recreatjon demand.

The study developed and applied broad bioeconomic assumptions which can only benefit from further
rescarch and willingness by serentists to forecast future scenarios under varying conditions. These results
from bioeconomic modelling based on minimal data must bz treated with caution. Hewever, as non use:
values were ntot calculated, benefits in the case study were underestimated.

2 Valuing benefits and costs

Benefits of improved water quality and rchabilitation of riparian Jand are many. Riparian landshelp
‘minimise river bank crosion with benefits to the land holder and downstream users. R,lpma n lands
provide habitat for native birds and animals. Riparian lands act as a filter for runofl containing
agricultural and domestic fertilisers, which can lessen the frequency of toxic algal blooms and associated
health implications and also provide recreation benefits, .

The implications are that in the long term socicty benefits from well vegetated and maintained riparian
lands. However most of these benefits are diflicult to vatue, partly due to the complex retationship
between water quality, ecology, human behaviour and health risks and then problems+n quantifying these
relationships, o

2.1 Use and non use benefits

Several techniques can be applicd to establish use and non use values (Knapman and Stanley 19! ks
1990). Usevalues refer to-those valucs placcd on physzcal use of the good, such as swimmi ;
picnicking along its banks, fishing or enjoying the view. Non.use values are the psycl
obtained from environmental resources without direct use.of the resource, such as existen
based on the knowledge that good water quality exists in-the river or that the resource s well
even-though it is niot actually used by the réspondent.

(Smden 1990) Thelravel cost mcthod mvolves survc
establishing numbers of visits, frequency of
area is- calculalcd and i nxpmvlde the tot(




The method has been widely apmxcd {o-value n range Qf”uwix‘oxxmcnml issues smﬂi Ay mia
preservaton-of habitats, and valuing instream fows. Australinn cou(xnwm valuation studic 3
tocluded establishing values for the Nadgee Reserve, Kakadu National Park, canil reel managenient and
several wetlands (Hill 1993), : ‘ o S

2.2 Praperty vatues

The property value or hedonie pricing metlhiod can be used 1o value a natural resource {Sind
Utilising house values, 1t is assumed that the price paid for the house or similar p p \
valiie of its environment (David 1968). For example n house with pleasing riverviews: ,
thana similar house without river views. Thedifferential in values reflects peoples' wxllmgness 1o payf
that pleasing river view.

2.3 Alternative and replacement valies

The alternative cost approach 1o values is based on {he value of a-particular resonrcebeing (hecost of the
nextbest alternative way of providing that service. Riparian-Iands help control water pollutionfrom
diffuse sourecs by filtering sediment and nutrients, reducing theexport load to the river. An-alternative -
method of preventing the same load of nutrients from entering the water is through increased: m:mmcm of
cfMuent by sewerage treatment plants. Thus a.benefit of improved riparian land Ianagemen
avoiced costs of reducing phosphorous loads through sewerage treatment plants, The costs of losing
access o the river for watering stock can be established by caleutating the costs of ahematwe waler
supplies, such as pumps, stock waler access famps and bores.

The replacement cost approach is based on the replication of the resource. For example, tl\c replacement
cost of a natural wetland is the cost of creating an.arificial wetland.

2.4 Opportunity costs

The opponunity costs associated with preserving a natural resource are the benefits that society would
receive from the resources in-alternaiive uses and which therefore are foregone. Forexamp
opportunity cost of preserving riparian land is the income foregone from other uses such as agnculture or
timber harvesting. :

2.5 Health benefits

Benefits of improved environmental conditions, such as air pollution or water quality, can-be ¢s
through avoided health impacts. The vallug of improved water quahty can be measured as Ith
costs that would otherwise be incurred or as avoided Joss of: cammgs resulting from dccreased incid encc of
sickness-or disease. e

Health bcnef ts are not restsicted to human heallh and-canapply lo stock lOSSx.S from: poor W'ltcr qual t\%
(Hassall & Assoc 1993). : I

2.6 Direct costs




 purpose of e gey
- isrequired. Planti v

- preparation an maimc.nancm M'nw ‘costs are site
%nculzuml produchon,

3 Case study- Wollondilly Shire
3.1 Intreduction
Wollondilly Shire, situated south wcst QfS)’dﬂcy is: cdmnd" ring J!summgoptl

'almu, the Nepean River and its tibutaries. 'This study assessed the range and ¢
of riparian land management options. :

Water quality studies (Water Board 1992) mdlc,uc tlm Wi ucrqimlity deterioratesas thc
mvcls downs(rwn. Cumul'\m'uf rus-and nitrogen levels inerease s

ity 1 i
durmg r-nnfall gvents. Hmmver t:nndum Mty lcvels arewell below the' uppcr lumts f
sensitive crops.

Wollondilly Shire has a diverse range-of land uses. Tt partly: cncompasscs ”me Wamgamb
catchment on its west side and the Nepean River eatcl 5t
residential, intensive livestock (prg,g,cncs)ﬁ intensive lmrﬁcullurc (market: gardens), c;st

(grazing), extensive horticulture (orchards) and some natural vegctauom ‘

vc llVCStQCk

Three different areas in Wollondilly Shire were studied to establish the costs and benefits of options in
creating and protecting the riparian buffer land;

» The flood plain scetion of the river near Theresa Park, from the upstreant edge of the Bems qum
recreational area (near Bringelly Creek) to-the Mount Hunter Rivulet

« The Nepean gorge country near Douglas Park between Elladale and Allen's Crecks

o The Stonequarry Creek section through Picton,

3.2 Benefit cost stirdy
A benefit cost study looks at the benefits and costs of implementing a range:of plans. In-this.casearange

of possible riparianmanagemient scenarios was cousxdcrcd and valued to cstablish theircconomic
viability.

taken to xmprove or alter nparnn lands 'l’hus c
river, mostly-in Theresa Park and Pwlon, and
calculated abencfit cost ratioas well as
calculated as: the difference betw




sumption was made tiat

and thus recreatior
3.2.7 General m‘gﬁ::,riipi?w;,s
The cconomric analysis applicd the following assumptions;

a time frame for benelits nud costs of 20 years ‘ -
annual population increase as per Department-of Planning: mpu lation forecasts for: Wollond ll)k Shire
discount rate of 7%

sensitivity aualysis, on discount rates (4%, 10%), on changes in gross margiis, rcvcbcmuon
sewerage treatment plant ¢osts, reereational benefits and health costs.

e © e ®

3.2.2 Valuing Benefits

Establishing values for benefits, particularly environmental benefits, can be costly and time:cor
Few market valyes are available; therefore methods such as travel cost and contingent valuation
used. This section outlines the methodology used in the Wollondilly Shire study. - :

Use valitesy Reereation benéfits
While the travel cost method can be applied in simple or sophisticated models, in this:study a basicset 6]7

assuinptions was used {o estimate the value-of changes in-water quality and thus fecreation values for
recreational visitors to the Douglas Park, Bents Basin-and Blaxland Crossing areas,

This application.of the travel cost method assumed that all visitors drove to the recreational areas, as they
are not situated close 1o public transport. The numbers of visitors per car were calculated and a value
established by multiplying car visits by distance travelled, cartravel costsand- cutrance fee paid (if
applicable).

The study assumed that recreational use and benefits were directly proportional:to populatian«growmujal?
populauou would increase at forecast rates (Dept of Planning 1992) and that base benefi :
increase with projecied population g owih. Howeverwhile benefit values would increasei
growth it \\as also assumcd that cln .xges in walcr quahty vmuld mﬂucncc; dema id for thc (o

ficw visitors or both, Thus ﬂ\c vqlue of’ the resourcu chang‘d wnh a change in lts quality i

The study assuned thatin-the 'do nothing' case water:qualitv continued-to-decline, measured asa 10% ‘
decrease frotn the current position and therefore a. 10% decline in recreational bcncf“ its, V ;
comibinations of factors as represented by the scenarios were assumed o result in-different effecis-on
recreational benefits. Forexample a 50 metre wide riparian stnp svas.assumed to resulb in.a’ 10% increase:
in benefits from the current position, while a 20 metre wide riparian strip was assumedto. result in-a 5%
mcrease

T he cconomic appraisal attempted to.quantify use values only, v which rcsulted inan unden:sumahon of
bcnef ts.as non usc benefits were not included.

Nutrient stripping

This study Jooked at.the cost of riparian buffer strips to-reduce phosphoms c\pon load ¢om
same load being extracted through sewerage treafment plants; “



Eﬁ’cctivcnc;s of "'lhc bumr smps d"apcuds on a nnm’ber oI‘ conditions such.a
renessof buffer strip:

'(Fxtzpalnck 1936 EI’A 19943, Omltcl, pcr;oml commun 'mcm) The study

widths of heavily vegetated riparian lands reduced potential phosphorus runofl”

metres hy 75%, 20 metres by 90% and 50 metres and-overby 100%, 1tvas assumec Mha,_ 2l

reachcd its full effectiveness rate after five yearsawhercby it was fully estabhshcdn '

These reductions in.phosphorus ranoff could be offset by costs incurred i m stripping pho homsvb‘
sewerage treatment plant, The marginal rate applied was:that of. rcducmg phosphorus from
perlitreina § Ml per day plant. This size plant was used as its capacity was smular tothen mcan flay of ‘
the projected treatment plants at Picton and Menangle (EPA 1994a).

Benefits of establishing a riparian buffer strip were calculated as the avoided: sewcrage trcatment piant
costs of extracting phosphorus.

Health benefits

Healthin the Wollondmy Shire could be adversely affected by swimming in polluted water or coming
contact with toxic blue-green algal blooms. Moteover the-health of people downstream:is also:infi
by the quality of water flowing from Wollondilly Shire. This is particularly significa
recreational areas of not-only Douglas Park but the immediate large areas of Bents Basin a
Crossing and further downstream, the recreational areas at Penrith, Sackville and Wiseriian's Fenv

Declining water quality was anticipated to result in future toxic blue-green algae blooms i m Wollondilly
Shire, Blooms form under several favourable environmental conditions such-as high nu levels,
especially phosphorus, and low nitrogen to phosphorus ratios. Blue-green algal blooms
frcqucncy in-the Nepean River system and can have detrimental uman, animal and aquatic :
impacts. Riparian land management that reduces soil crosion and water turbidity w;ll.:help‘rodu
incidence of toxic algal blooms. '

S ¢ 0y
and lost productmn, mcasurcd tl\roug,h los( cammgs. Qn {his basis Hassall & Assoc. calcul te
‘per chronic case from algal hepatotoxins at $414,000. With anincidence rate of about 2,5
risk population (defined by Hassall & Assoc. as the population of ihe major urban centre
total-costs of ill health could increase significantly over the 20 years of the benefit cost il
the cost-of acute illness was calculated as an-average of costs from ilinessdue to endotoxlns and
hepatotosins based-on their average incidence rate.

As the study assumed that the'do noﬂung sccnano W 1d result in.d

a,cuggheaw‘\ costswere.includéd:in thc .ncﬁbx:osuaﬁgmu‘rc. n.scenario
impact on reduced incidences of foxic blooms would be from:
metres widih, The at risk population was the. numbc:s of visitors to the (hr
study

Ammal heam\ cosxs Werc not mcluded in ﬂus smdy as mcre werc generally




- 3,23 Benefits not valued
Hubirar values

Develaping riparian lands can improve habitat for native fauna, The qmmkf‘ c'uuon of this bcnu‘ t canbe
troublesome.  As waler quality improves, the antisipated nuprovcmenl in h.xbn.n and pative .
numbers can be partly measnred through incredses in recreation visits o the reercation areqs: iu :
Waollondilly Shire.

Otherwise the contingent valuation metliod can be applied swhere respondents are asked (heirwillingne:
to-pay (o preserve for example, a particular species or native habitat, In the USA this technique has been
applied to a wide range of specics, such as (he whooping crane, eagle and various fish (Hill 1993). In
Austrafia the method hag been applied particularly to valning habitat preservation, asdin
Park, Fraser Island (Witks 1990) and Vigtorian wetlands studies. (Hill 1993), and natural bu
Brisbane (Windle and Cramb 1993).

shland near

In Wollondilly Shire there are a number of rarc and vulnerable species-of fauna such as the Koala,
Turquoise Parrot, several bats and the Glossy Black Cockatoo (Ardill 1994). Benson and Howell (1993)
outline a comprehensive ligt of significant flora spef'“cs in the Shire. Remnant riparian forgsts containing
rare and vulnerable plant communitics are also in the study arca {Benson and Howell 1993).

Given time and cost constraints habitat values were not quantified in this study, thus benefits of any action
that resulied in improvement in habitats were underestimated.

Timber harvesting

IF appropriate trees are planted in riparian Jands there is the potential for future harvesting of the native
forests. However this would defeat the purpose of developing natural habitat and was not considered a
viable option for this region. As well, there are considerable time lags before logging could ‘begin, and
restrictions on logging activities along prescribed watercourses. It would be unfortunate if a source of
income was considered when. in reality there would be unsurmountable restrictions on the activity, “While
vegetation is alrcady established in the Douglas Park area, it was not considered particularly suitable for
logging and therefore no benefits accrmed from {imber harvesting. '

3.2.4 Valuing Costs
Erosion control

Some areas of riverbank are prone-to crosion, particularly along the-alluvial flats, ‘Without erosion.control -
measures undertaken, estiinates were that half the length of the Theresa Park riverbank wo ode:at

the rate of one metre in width per year, while the annual erosion rate in the Picton area was ated at
approximately half a metre for one tenth of the length through the.Picton arca (Quthet personal
communication). ‘Costs were based on using rocks for erosion conirol,

Swimming pool

For this study the building of 2 communuy swimining pool was prcposed in five years"time. when ater
quality was assumed 1o have deteriorated to-the point where swimming was no. Ionger' feasit :
Nepean River recreational areas of Douglas Park, Bents Basin and Blaxla ¢ :
the assumption that the additional recreauoml swiniming pool:was a pcrrccl subsuluﬂ,,«
the river at these sttes. :




: Feneing

- Fencing of riparian land prevents livestock from grazing along the. river: bmk’ and UICI Acees:
from the river, This reduces bank destabilisation and soil eonipaction, resillin
Some areas could be-suilable for restricted prazing and restricled access (o4 'alcr, stcha using, ¥
the water's edge.  Electric fencing costs were itsed.

: ‘rsimp“;:b

Revegetation

Revegetation and regencration costs are very site specific, depending on climate, sml topogmphy,
Iiydrology and purpose. The thrce case studies provided three different scenarios for revegetati ‘ ‘m;s
of planting, weeding, regeneration and maintenance requircments, Thesewere rcncctcd” 1 C S
assumption was made that the revegetation program was aimed at-rehabilitating the-area rather umxuus(
arresting eurrent decline

" Costs used in the study were based on loeal practice (Wollondilly council), an average of a number of
quotes obtained and the literature (Benson and Howell 1993, Dept Water Resources Vie 1992),

Stock aceess to the river and riparian land

Stock dceess to riparian Jand creates several problems for botli the vegetation and riverbank:-crosion.
Access to the river for drinking water can be a major source of bank crosion. I some arcas-(ota)
restriction on stock access to the riparian land was proposed. Inother areas restricted acacss would bea
viable alternative.

Alternative walering options were:

. to provide alternative water supply by pumping water to stock away from river banks
. fo sink bores, or spearpoints or

. to provide hardstands or ramps for walering access at river,

Grossanargins

The value of foregone land productivity due to the establishment of a.riparian strip-was established using
gross margins, Wollondilly Shire fand use maps were used to détermine the type and extent of activity on
land-adjacent to the Nepean River and Stonequarry Creck in the three case studies. Then gross margms
were calculated based on information obtained from the Department of Agriculture, Gross margin is the
difference between gross income of the activity and variable costs incurred, Therefore it excludes fixed -
costs and return (o non paid labour but was considered an appropriate measure where only a portion of the
enterprise's productivity was affected by the proposed riparian land management option.
£
Land acquisition

along lhc nvcr In Pncton most land ‘&Iung lhc cise sludy secuon is either used for gmnng or housmg,

The study made several assumptions regardingurban land acquxsmon Where 2 10 metre wide ripatian
strip mcludcd land acquisllnon it was assumed that councll rcachcd an 1grcement wxlh a dcvclo’ rin 'th.

acqmrcd ifa 5() metre nparmn land scenario with tand 1cqms:lxon h‘xd bccn cons.:d,‘,ﬂ,..;



Alternative habitat

Finally the study fooked at the costs of providing altcroative flora and fauna habitats. Here the riparian
fand could be narrower than otherwise, such as 10 or 20 mefres rather than 50 metres. To-compensate for
the narrower riparian tand a large area of land could be purchas -d and developed as wildlife habitat, Tlis
was a very generdl scenario ns the coneept is site and species specific. However it was assum I
lotof land of 200 hectares was purchased. 1t was assumed that the land did not require planting, merely
the allowance of regeneration. 1 was further assumed there were costs in fencing this specific habifat land
with clectric fenciig and ongoing fence and land maintenanee costs.

3.3 Base case and scenarios

This section looks at specific scenarios, their benefit cost ratios and net present values, Thetange in
scenarios and {he costs and benefits appraised hopelully addressed the broad range-of issues associated
with riparian lands. The topic is complex beeause of the multi purpeses served by riparian lands,
Therefore the range of riparian land management options covered by the foltowing scenarios is eant (o
be indicative rather than all inclusive

Base Case; Do nothing

Under the base case or *do nathing' scenario ripartan land use would continuc as now; no further action
would be implemented to protect, or rehabilitate the riparian land. The water guality would continue to
deteriorate both within the Shire and noticeably downstream as fertilisers and nutrients from agricultural
land and residential land usc continued to pollute the waters. Erosion of river banks would continue,
partly as livestock accessed their river drinking water and instability of banks continued due to
agricultural use and lack of vegetation,

This erosion and continued decling of water quality due to wban and agricultural runoff were assumed fo
result in a decline in recreational benefits (from Douglas Park gorge, Bents Basin and Blaxland Crossing)
of 10% from the current position.

To summarise the base case;

Base case

« deteriorating water quality caleulated as a decline in recreation benefits by 10% from current situation
» loss of income from crosion of riverbanks

« phosphorus removal by sewerage treatment plant

o licalth costs incurred due to deteriorating water quality

Scenarios

Scenario 1; Swimming pool
Scenario 1 addressed the issues of water quality and recreational use

costs

. community swimming pool built in year 5

. loss of income from erosion of riverbanks

° phosphorus removal by sewerage treatment plant

benefits

. avoided loss of recreational benefits from base case to current situation
. avoided health costs




Scenario 2; ¢rosion control
Scenario 2 addressed the issue of erosion control in riparian land

costs

. cost of erosion coritrol works

. phosphorus removal by sewerage treatment plant

. health costs incurred due to deteriorating water quality
benefits

. avoided loss of recreational benefits of 5% from base case
. avoided loss of income from erosion of riverbanks

Scenario 3; 10 metre riparian land, no stock access, no-fand acquisition
Scenario 3 addressed the riparian land issues of revegetation, stock access and ensuing water quality.
CoSts

. revegetation and planting

° electric fencing

. toss in income from 10 metre wide riparian land

. pump costs for supplying river water to stock

. health costs incurred due to deteriorating water quality

e some phosphorus removal costs by sewerage treatment plant
benefits

. avoided loss of income from erosion of riverbanks

) avoided loss of recreational benefits of 5% from base case

o some avoided cost of phosphorus removal

Scenario 4; 20 metres riparian land, no stock access

This scenario addressed similar issues as scenario 3, with a stronger positive effect assumed on watcer
quality and nutrient removal due to the wider riparian land, reflected by increased recreation and health
benefits. :

cosls

. revegetation and planting

o electric fencing

. loss in income from 20 metre wide riparian land

. land acquisition in Picton

L3 pump costs for supplying river water to stock

. some phosphorus removal costs by sewerage treatment,plant
benefits

o avoided loss of income from erosion of riverbanks

. increase of 5% in recreational benefits from current sitvation
. some avoided cost of phosphorus removal

. avoided health costs

Scenario 5; 20 metres plus partial stock access.

Scenario 5 addressed similar issues as the previous scenario except in the treatment of stock access to the
river.

costs

. revegetation and planting

o electric fencing

. ‘partial loss in grazing income from 20 metre wide riparian land
. land acquisition in Picton '

° ramp costs for stock access 10 river water




. some phosphorus removal costs by sewerage treatment plant

benefits

. avoided loss of income from eroston of riverbanks

. increase of 5% in recreational benefits from current situation
. some avoided cost of phosphorus removal

. avoided health costs

Scenario 6; S0 meires viparian lund, except for 10 metres in Picton, no stock access.

Scenario 6 addressed the issues of providing flora and fauna habitat along with the practical consideration
of established urban development near the river banks in Picton,

costs

revegetation and planung

eleetric fencing

loss in income from 50 metre wide riparian land

land acquisition in Picton and in the new residential development

pump costs for supplying river water {o stock

some phiosphorus removal costs by sewerage treatment plant

® o e° o o @

benefits
. avorded loss of income from erosion of riverbanks

. increase of 10% in recreational benefits from current sitvation
e some avoided cost of phosphorus removal

. avorded health costs

Scenario 7; 10 metre riparian land, no stock access, habitat purchase.
Scenario 7 addressed the issue of providing flora and fauna habitat while minimising the impact of
rchabilitating riparian land 10 riparian landholders.

costs

* revegetation and planting

. electric fencing

. loss in income from 10 metre wide riparian land

. land acquisition in Picton

. pump costs for supplying river water to stock

. health costs incurred due to deteriorating water quality

. some phosphorus removal costs by sewerage treatment plant
. acquisition, fencing and regeneration of 200 hectares
benefits

. avoided loss of income from erosion of riverbanks

. avoided loss of recreational benefits frombase case to current situation
] some avoided cost of phosphorus removal

3.4 Results

The results of the benefit cost analysis are summarised in Table 1, which shows the benefit cost ratios and
net present values for cach scenario. Scenarios 1, 4, 5 and 6 produced positive benefit cost ratios ata 7%
discount rate. The greatest positive net present value of $7.5 million was given by scenario 1.




Table 1 ‘ ’
Ripariandand management scenarios
Benefit cost ratios and net présent-values

Discount rate 7%
scenario ' bencefit cost ratio ‘xiéi'prcéén’t‘ir’zilde ]
1 swimming pool 3.6 B 7,508,901 |
2 eroston control 0.1 (9,160,521)
3 10 metres, no stock access, no land acquisition 0.2 (8’,233‘,47(5)
4 20 metres, no stock access 2.0 6,791,108
5 20 metres, partial stock access 2.1 6,866,187
6 50 metres, 10 metres in Picton 1.3 3,771,700
17 10 metres, no stock access, habitat purchase 0.2 (17,017,202)

These results must be considered in perspective given the assumptions-on water quality and recreationists'
behaviour, Note that non use and habitat values (as possibly obtained by the.contingent valuation method)
were not included. It would be reasonable to expect these benefits would move the benefif cost ratios
upwards, particularly for scenario 7.

The benefit cost ratio and net present value for scenario 1 were the highest. However tliis scenario did not
address the underlying problems of declining water quality, bank erosion, reduced wildlife habitat and loss
of archaeological and heritage sites.

Scenario 2 only addressed the erosion problem in riparian lands and excluded the costs of fencing,
revegelation and foss of income. Scenario 3 was assumed 1o have little impact on benefits from:improved
water quality, Scenarios 4, 5 and 6 reflected benefits from improved waler quality on recreational-use and
the health benefits of improved water quality.

In contrast scenario 7 appeared to have a low benefit cost ratio but did not include the non use benefits
that would presumably have occurred through im'provcmem in habitat for endangered species, Asfor
scenario 3, it was assumed that 10 metre riparian width did not have sufficient positive impact on water
quality to influence health costs. This could have been a conservative approach with benefits: understated

3.5 Sensitivity Analysis

Sensitivity analysis indicated the effect of a change in a significant variable on the results, Table 2 shows
the effects of altering discount rates to 4% and 10 % on. the benefit cost ratios, Appendix 1 indicates: the
effects of increases and decreases in gross margins, recreation benefits, changes in revegetation
cstablishment costs, sewerage treatment plant costs and hicalth-costs, Scenarios 4, 5 and-6 maintained
their positive net present values throughout these variations.




" Fable 2

Riparian land management seen arios
Benelit cost-ratios
Discount rates 4%, 7% and 10%

scenario benefit cost ratio '
4% %, _10%:
1 swimming pool 37 W6 35
2 erosion control 0.1 0.1 0.1
3 10 metres, no stock aceess, no land acquisition 0.3 0.2 0.2
4 20 metres, no stock access 23 2.0 1.8
5 20 melres, partial stock access 24 2.1 1.8
6 50 metres, 10 metres in Picton 1.5 L3 1.2
7 10 metres, no stock access, habitat purchase 02 0.2 0.2

With respect to changes in discount rates, scenarios 4, 5 and 6 appeared sensitive. Changes of +50%and

- 50% in gross margins had little impact on benefit cost ratios while similarchanges in revegetation cogts.
hiad a small iropact on final benefit cost ratios. This scale of change in sewerage treatment:plant costs had
a significant impact on the benefit cost ratios of scenario 1 only. The ratios were sensitiveto similar
changes in recreation benefits as shown in Table 3.

Table 3
Change in recreation henefits
Benelit cost ratios at 7% discount rate
 scenario benefit cost ratio  50% 0%
7% increase - decrease

K swimming pool ' 3.6 a1 32

2 erosion.control 0.1 0.2 0.1

3 10 metres, no stock access, no land acquisition 02 0.3 0.2

4 20 metres, no stock access 2.0 2.4 19

5 20 metres, partial stock access 2.1 24 18

6 50 mefres, 10 metres in Picton 1.3 16 v i

Vi 10 mictres, no stock access, habitat purchase 0.2 0.3 S0

3.6 Sumimary

ThlS bcnef’ 1 cost ana!ysxs of. npanan hnd management optlons in Wollond:l]y Slure mdxcated'thal

habltats were to be obtained: usmg lhc commgem valuatmn mcthodology, (he e\pcctau ,,m ul I be« ‘ ? g
stronger benefit cost ratios, particularly for scenario 7.

However there must be caution in mtcrprc(mg mc results given both | lhc sensxuvmcs ;
recreation benefits and health costs, and the broad assumptions undcrlymg this:
The smdy was useful in xdentxfymg and quanufymg the

-----




To summarise, m\plemcu\‘umn of the riparian [a" d éhmmgemcnt

(ions cnnsxderf-d
(given the anticipated habitat existenee benefits) ju:thi ;

his study would benefit th
the broader community as Wollondilly becomes 2t Jeader in- recopnising the L
riparian fands

3.7 Regrussion Analysis

Water quality of oceans, beaches and rivers is of major concern (o the gencral public (EPA 1994¢, Hill
1994, Imber et al 1991, David 1971). The riparianJand management options study assunied thappeopl
responded to a pereeived change in water gquality, so thaty dectine in water guality sas reflected in a
change in the nwmber of visitors (o the recreation.areas.

Hawever, there are othier factors influencing the visitor ixnnxtibcrs‘lo‘;(}xc area; entry fees ta the site, weather
conditions, seasonality (summer or winter), distaiice (o the recreational area and income level of visitors.
The major factors influencing visitor numbers to Bents Basin reereational area were stidied.

Data

The study was based on data from secondary sources. Numberof visitors 1o the Bents Basin State
Recreation Area and entry fees were obtained from:tlic Bents-Basin office. ‘This information was.available
for the period from December 1986 1o June 1994, Number of rainy days in the region was obtained from
the Bureau of Metcorology  Information regarding perceived-water quality was ebtained from local press
articles. Average weekly earnings and petrol prices were obtained from the ABS publications.

Method

A regression model was developed to examine the factors influencing the number of visitors {o the
recreation site. The factors considered in the model were; water quality in the Hawkesbury-Nepean river,
number of rainy days in the region, average weekly carnings, entry fees to the recreation area, petrol
prices, seasonality (summer or winier), and school holidays.

It was hypothesised that visitor numbers to Bents Basin State Recreationat Area.depend on the-above
factors as follows;

WN = o - RD -WQ +AWE +EF -PP +8 +SH

Where VN = Number of Visitors
RD  =Rainy Days
WQ = Water Quality
AWE = Average Weekly Eamings
EF = Entry Fees 1o Bems Basin
PP = Petral Prices
S = Seasonality
SH = School Holidays

SAS computer package was used 10 analyse the regression-model,

Visitor nimbers were repressed against (heammber of raing days, wafe
weekly carnings, entry fees to the recreational site, seaso il
All the dollar values (average weekly carnings, entry fees an [ pétre
1994 values).

Visitorsnmmbers (MN} - monthity visitor numbers+1o-Bents: B’iﬁtt A
1994 werg used as the dependent variablo,



Number of Fainpdays (RO,
dunng the period:
number of visiors,

Water quaitty (WQ) - Water quality was e 'dcd :
of visiors, especially those who visit 10 Act
depend on the water quality in a recreational site. Deteri
pumber af visitors.

mnuenca rcadcrs or wsi(m adw;rscly -md Alig
variable Yor water quality (WO} was incliude
an micjc higmig,lmug tl\cz delcrmmﬁan nr \\mcr ,q;

the ABS were used for m 5 vamum *Ihms,c tfgu:,rcs sucd cm!y mr r‘cbnmy v
Navember monthis so for the other months this variable was includ
AWE 1n the model, it was assumied that the higherthe gross income levelsthe great

people visiting Bents Basin: Hence, AWE was-expeeted fo pogitively influence the: visitor mxmbcrg

Entry fees (BF) - Entry fees to the Bents Basin recreational site were also included in the model asa
variable. It was assunied that higher entry fees would lower the number of visitors to the recreational site,
reflecting the negative influence of entry fees on the visitor numbers,

Petrol prices (PP) - In order to-examine thecost of travel on the visitor numbers, peirol priceswere
included in the model. Higher pelrol prices w e expected to negatively influence the number of visitors.

Seasonality {8) ~ Seasonality, considered to have two major seasons, summer and swinter, was. gardcd as
an influential factor imv determining the number of people visitinga regreational site.. Hencee,
variable (S) was inctuded in the model to-represent the seasonality, Swas set equal to-one
a suminier month, otherwise equal to zero. Variable S was assumed to bea positiveinfluence: on vxsuor
numibers.

£3 L

School Holidays (SH) - Generally, it was considered that.more visitors go 1o recreationalsites:d ng
school holiday periods than other-periods. In order to-¢xamine the effect of school holidays ly
variable (SH) was included inthe model: SH was set equal 1o-one (SH=1) for a schiool holiday montl,

otherwise equal to zero. Variable SH was assumed tobe positively related to visitor numbers.

Results

The results of the analysis showed that the variable school holidays (SH) is a linear.combination her
variables, Hence, a sub set (without variable SH) of the original model whiclyis. of full ran kavis:chosen:
automatically for further ana!ys:s by the SAS program, :

The estimated rcgn:ssmn,mte is.as follows;

(20();9) (( ,.3)

) ; (46 6}
0SCS axre s;,andard errors,




an‘Resquared value of 0.6
: ers is explained by the varinbles |
210,001, Thercfore thiejoint liypothesis (the
the number of visitors dues depend-on e iy
regression modet has hyporhesised o relationship be
!hé model. However, only three variables; mul}* days, entry fees

1% significance level {Table 4)

Table 4.

| Variable { Parameter | Standard Error

: Estimite i b
| Intercept 1637.77 3659.55 ;
RD S8 2409

AWE 0.8 16.28

EF -127.46 | 46.59

pp -8.23 15.58
18 826,79 177.02

WaQ .98 1 20088

The stepwise regression analysis also revealed that of the mdepcndcm variables, onfyR]
contributed significantly to an explanation of the dependent variable, visttor numbers. T
0.66 and the estimated T value of 13.67 is significant at 0. 5001 level. The-resulting func{m

VN = 1534 - 7IRD - 129EF +8078
(2534) (2L1) @30) (1376)

* The figures given in parentheses are standard crrors.

Discussion

characteristics of 1hc samplc of wsuors used in the dcpcndcnt variablc‘ Aycmgc* 'u:
were of NSW population averages and not of {he visitors considered in-the model.
been more realistic if information on the income levels of visitors was available,

Pelrol pnces were used asa varmble fo rcpresm( mve! cost 1o thc recreauonal 5

lte ’I‘o ocal*rcsidcntsrthc

acmal mvcl cost of vxsitors inthe amlysls would produce more accumlc rcsu'(ls S " :
squared.

Most visitors to Bents Basin lived i the Penrith- Clw Coungil area, follm}cd by (h
Faificld local government areas. Hence, local newspaper 3 article
Ncpc'm River were nsed to. reprcsenl the:visitors* percepuon hie water
Even ll\ough swmmung wis: lhc ma;or acuvuy of yisitors to chits Ba




loss of agncultuml mcamc Iloncvcx mns;demblc Loxm,mmny béncff is citn'be re
wildlife habitats and reduced health costs dueto the consequent improved wa
showed that positive net present values can be expected Lwcn withont quantification.o

The methodology used in the Wollondilly case study can be applied to similar cvaly
Variations in benefits and costs will occur dug to site characteristics and major pury
land, and with data availability. ‘While difficulties exist in.dejermi : §
and costs, identification snd some quantification are necessary 1o cslablish thei xmpact of propased:riparian
" land management policies. ‘

‘This.information provides the basis for poliey development and implementation, The study clearly

supports the concept of riparian fand management while demonstrating. thewide range of optiops involved
and the complexity of valuation. The methodology is transportable and can be readily applied (o other
case studies.
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Appendix T Wollondilly Ripavian Land Case:'Stody

Sensitivity Analysis

Table A indigates that changes tn gross margins had little impact on overall ratios for e combined three
arcas within the case study. However, in some local areas changes in gross morging may live significant
LNPIacts. ;

Table A
Change in gross mavging
benelit cost ratios at 7% discount rate
scenario ‘ benelit cost ratio 50% - 50%
e grease  decrease

1 swimming pool 36 36 56
2 erosion control 0.1 0.1 0.1
3 10 metres, no stock aceess, no land acquisition 0.2 02 0.2
4 20 metres, no stoek access 2.0 1.9 2.2
5 20 metres, partinl stock access 2.1 2.0 2.2
G 50 metres, 10 metres in Picton 1.3 1.2 . )
7 10 metres, no stock access, habitat purchase 0.2 0.2 0.2

Table B indicates that changes in revegetation ¢stablishment costs had a small impact on benefit cost
ratios.

Table B
Change in revegetation establishment costs
benefit cost ratios at 7% discount rate
scenario - benefit cost ratio  50%  50%
% increase decrease

1 swimming pool 3.6 36 36 4
2 erosion control 0.1 0.1 0.1

3 10 metres, no stock access, no land acquisition 0.2 0.2 0.3
4 20 metres, no stock access 2.0 1.9 2.2
§ 20 metres, partial stock access 2.1 1.9 23

6 50 metres, 10 metres in Picton 1.3 1.2 1.5

7 10 metres, no stock access, habitat purchasc 0.2 0.2 0.2




Table C indicates that a 50 % change in'sewerage trcalmcnt plant cosis lmd a sngm{‘ cant: 1mpact on thc
benefit cost ratios of scenarios 1, but litle iinpacton the rest-of the scenarios.

Table C v
Chinge in sewerage treatment plant ¢osts
benefit cost ratios at 7% discount.rate
scenario benefit costratio 50%  50%
i increase - decrease
] swimming pool ‘ 36 2.6 59
2 erosion control 0.1 0.1 0.1
3 10 metres, no stock access, no land acquisition 0.2 0.3 0.2
4 20 metres, no stock access 20 2.1 2.1
5 20 metres, partial stock access 2.1 21 2.1
6 50 metres, 10 metres in Picton 13 1.4 13
7 10 metres, no stock access, habitat purchase 0.2 0.2 02

Table D indicates that the benefit cost ratios weve sensitive 1o changes in recredtion benefits, which were
treated in the study as a benefit of improved water quality.

Table D
Change in recreation benefits
benefit cost ratios at 7% discount rate
scenario benefit cost ralio 50% 50%
T% increase  decrease
I swimming pook 3.6 41 3{2 '
2 erosion control 0.1 0.2 0.1
3 10 metres, no stock access, no land acquisition 0.2 0.3 02 :
14 20 metres, no stock access 2.0 24 S
5 20-metres, partial stock access 21 2.4 1.8
6 50 metres, 10 metres in Picton 1.3 1.6 L1
7 10 metres, no stock access, habitat purchase 0.2 0.3 0.1




Table E indicates.that the benefit cost ratios are sensitive:
were included as an avoided cost in scenarios 1, 4, §¢

the calculated Tevel of health bencfiis, which
‘ s 6” ‘ : ! ‘ : " - ‘ ‘ .

Table E ‘
: Changein heafth'benefits
benefit cost ratios-at 7% discount rate
scenario benefitcostratio - 0%  S0%

% increase  decrease
1 swimming pool 36 50 23
2 erosion control 0.1 0.1 0.2
3 10 metres, no stock access, no land acquisition 0:2 0.2 0
4 20 metres, no stock access 2.0 2,7 1.5
5 20 metres, partial stock access 2.1 2.7 Ls
6 50 metres, 10 metres in Picton 1.3 1.7 1.0
7 10 metres, no stock access, habitat purchase 02 0.2 0.2






