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Executive Summary

This report has been prepared for the CardwelleSRioodplain Program, coordinated by the Far
North Queensland Natural Resource Management HEN@-NRM Ltd) under Task 2.8, 2.12 and
3.5 of the Water Quality Improvement Plan (WQIP} the Tully-Murray catchment. This study
explores efficient water quality improvement tagjetassociated industry land management
arrangements and incentives for industry adoptibibest management practices for water quality
improvement by the sugarcane, horticulture, grazang forestry industries in the Tully-Murray
catchment.More specifically, the objectives of this study &o:

» Explore industry land management arrangementsntioat cost-effectively achieve specified fine
suspended sediment (FSS) and dissolved inorganagain (DIN) water quality targets.

« Explore efficient FSS and DIN water quality impravent targets in a linked terrestrial and
marine ecosystem.

« Assess the effectiveness of price policy instrumeant promoting industry adoption of best
management practices achieving FSS and DIN watditgimprovement.

We therefore apply and link the EESIP model (bamedRoebeling et al., 2006) and the CROWPA
model (based on Roebeling, 2006). The EnvironmeBtainomic Spatial Investment Prioritization
(EESIP) model integrates a land use and value anaidel (see Smith et al., 2005) with the water
quality model SedNet/ANNEX (see Bartley et al., 200t is not only used to explore cost-efficient
industry specific land management arrangementsnafater quality improvement and to assess the
effectiveness of price policy instruments in promgtindustry best management practice adoption,
but also to determine terrestrial (agriculturalnéi@ functions for use in the Catchment to Reef
Optimal Water Pollution Abatement (CROWPA) modeheTCROWPA model relates economic
benefits from terrestrial agricultural activitieadaassociated water pollution to changes in marine
based economic values in order to explore efficreater quality improvement targets (see Roebeling,
2006). Current industry best management practivglsded in this environmental-economic analysis
are taken from the financial-economic analysis fifiend in Task 3.3 b,c,d (Roebeling et al., 2007).
For sugarcane production they include tillage manant, fallow management, nitrogen application
rate and nitrogen application method. For hortigglt (banana) production they include interrow
management and fertilizer application rate. Forimg stocking rate and nitrogen application rate a
included as best management practices, where&sréstry interrow management is considered.

Based on the current industry best managementigeacand actual land use pattern in the Tully-
Murray catchment, this study shows that total F&&RIN delivery from the Tully-Murray catchment
can be reduced by about 10% and 15%, respectitrelyugh the adoption of current win-win best
management practices sugarcane production (reduced tillage, zetagiil, economic optimum rates
of fertilizer application, nitrogen replacement agsdlit nitrogen application). In case there are
beneficial spillovers from reduced water pollutibiat amount to, say, 200$/t FSS and 40,000%/t DIN,
this study shows that maximum welfare gains caoliieined by reducing total FSS and DIN delivery
from the Tully-Murray catchment by another 20% &@86, respectively, through a reduction in the
industry production area in combination with th@piibn of lose-win best management practicies
sugarcane production (further decrease in nitrogpplication), horticulture production (further
reduced fertilizer application rates) and grazingdpction (further decrease in stocking rate and
nitrogen application rates). In addition, it is smothat FSS delivery is most cost-effectively reshlic
on paddocks that are located on the steepest slopethe least productive soil types and furthest
away from Tully, while DIN delivery is most costfettively reduced on paddocks that are located on
the least productive soil types and furthest awasnfTully.

' The terms water quality, water pollution and wapeality improvement refer to water pollutant deliy to the coast.
" Win-win management practices provide a benefib&industry as well as to the wider community.
" Lose-win management practices incur a cost tintthestry though provide a benefit to the wider camity .



Incentives for industry adoption of best managenpeattices for water quality improvement can be
provided through various price policy instrumenfgater pollutant delivery taxes as well as water
pollutant delivery abatement subsidies provide -effstient incentives for water quality
improvement, though associated costs need to bieddny the involved industries or the government,
respectively. In contrast, water pollutant supglyets as well as a N-fertilizer tax provide non-cost
efficient incentives for water quality improvemdmtcause best management practices are adopted
throughout the catchment independent of their dattfactiveness in reducing water pollution (i.e.
water pollutant delivery to the coast). Althoughission based taxes and subsidies are cost-efficient
it is generally hard and costly to measure actu#ilusgk source emissions (i.e. water pollutant
deliveries) and, consequently, it may be more pralcto base taxes and subsidies on (non-cost-
efficient) diffuse source emission proxies (wateollygant supplies), inputs (N-fertilizers) or
management practices (Perman et al., 1999).

A number of caveats to this study need to be meatoFirst, it must be emphasized that industry
water pollution abatement costs are based on dupest management practices as well as the current
land use pattern in the Tully-Murray catchment andnsequently, do not include future best
management practices and inter-industry land usengdh It can be expected that industry water
pollution abatement costs are lower if future beahagement practices would be taken into account
and, similarly, that aggregate water pollution ab@nt costs are lower if land use change would be
taken into account. Second, less reliable welfaagimizing rates of water quality improvement have
been identified for the horticulture and forestngustries, as associated water pollution abatement
costs are most likely overestimated given that they based on: i) a limited number of best
management practices, and ii) a target-orientedymtion systems simulation model. Third, we have
not been able to identify the welfare maximizintgeraf water pollution control for the Tully-Murray
catchment, as there are no reliable estimates endthwnstream costs from water pollution.
Consequently, we evaluated the sensitivity of thaleh with respect to the downstream costs from
water pollution while assuming a fixed cost pertuof water pollution. Finally, the welfare
maximizing rates of water quality improvement prese in this study are most likely underestimated
as re-suspension of water pollutants and unceytannarine benefits from Great Barrier Reef (GBR)
conservation have not been taken into account. €epmstly and self-evidently, presented results
provide an indication of the gross direction angymtude of change — not an exact recipe for change.
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1. Introduction

The development of a water quality improvement gtanthe Tully-Murray catchment, which is co-
ordinated by the Far North Queensland Natural Resoanagement board (FNQ-NRM Ltd),
requires the integration of results from Tasks inad in the Water Quality Improvement Plan
(WQIP) for the Tully-Murray catchment. The objedivwf this project is to assess and identify
landscape management (i.e. the way in which langséxl and managed) and arrangement (i.e. the
spatial distribution of land use and managemertipop and pathways for water quality improvement
in the Tully-Murray catchment. To this end, thddeling Tasks described in the WQIP for the Tully-
Murray catchment will be developed simultaneously:

e Task2.8 Identify the specific locations where iweent in improved riparian,
wetland and instream conditions may deliver cofgetifve reductions in
pollutants.

+ Task2.12 Estimate WQIP targets for suspended ssdénnitrogen, phosphorus and

pesticides to the receiving water body, to be agptiuring the period of this
WQIP for the purpose of achieving the water quatibjectives and total
maximum load objectives.

e Task 2.15 Describe how the impacts of future groatid climate change will be
accounted for in proposed management measures anrblcactions, and
attainment and maintenance of the total maximunufaoit load for key
pollutants to the receiving water body.

e Tasks 3.3a,b,c,d Review of strengths and weaksesfsbest-management-practices in Wet
Tropics catchments, in particular as related teewgquality improvement.

» Task 3.5 Evaluate incentives for uptake and lomgrienplementation of BMPs.

This report addresses Task 2.8, 2.12 and 3.5,dhdozussing on land management change (rather
than land use change) for water quality improvemmntthe sugarcane, horticulture, grazing and
forestry industries in the Tully-Murray catchmei. particular, we will: i) explore industry land
management arrangements that most cost-effectimehjeve specified water quality targets, ii)
explore efficient water quality improvement targetsd iii) assess incentives for industry adoptbn
best management practices achieving water qualipravement. To explore industry specific land
management arrangements that most cost-effectagtlieve specified fine suspended sediment (FSS)
and dissolved inorganic nitrogen (DIN) water quatirgets, we use the Environmental Economic
Spatial Investment Prioritization (EESIP) model @¥his a spatial environmental-economic approach
that integrates a land use and value chain mod#l avihydrological model (see Roebeling et al.,
2006). To explore efficient FSS and DIN water gyalinprovement targets, we use the Catchment to
Reef Optimal Water Pollution Abatement (CROWPA) mloghich is a deterministic optimal control
approach that relates economic benefits from teraésgricultural activities and associated water
pollution to changes in marine based economic ga{gee Roebeling, 2006). Finally, we again use
the EESIP model to assess the effectiveness oé gradicy instruments in promoting industry
adoption of best management practices for FSS dNdMater quality improvement.

The structure of the report is as follows. Chatefescribes the methodology applied in this study,
which applies and links a spatial environmentalrernic modelling approach and a deterministic
optimal control approach to explore efficient watgrality improvement targets and associated
industry land management arrangements as wellcasfives for industry best management practice
adoption. In Chapter 3 results are presented aatysed, thereby focusing on FSS and DIN water
pollution in the sugarcane, horticulture, grazingd aforestry industries in the Tully-Murray
catchment. Finally, Chapter 4 provides key resghscluding remarks and observations.

! Throughout the document the terms water qualigtewpollution and water quality improvement refetthe delivery of
water pollutants to the coast.



2. Approach to environmental-economic analysis

Water quality targets can be met and set in a nuwibeays. In this report we use the Environmental
Economic Spatial Investment Prioritization (EESHApdel (based on Roebeling et al., 2006) to
explore industry land management arrangementsntioat cost-effectively achieve specified water
quality targets (see Section 2.1), the CatchmenRé&mf Optimal Water Pollution Abatement
(CROWPA) model (based on Roebeling, 2006) to expigatimal (i.e. efficient) rates of water quality
improvement in a linked terrestrial and marine gstem (see Section 2.2) and, in turn, the EESIP
model to assess the effectiveness of price incemtin promoting industry adoption of best
management practices for water quality improveniee¢ Section 2.1). Note that the notation used in
Section 2.1 and Section 2.2 is not interchangeable.

2.1 Spatial environmental-economic land use model

There are numerous spatially explicit exploratiygpraaches in agricultural and environmental
economics that relate land use location to econapjmortunities and environmental consequences
(Nelson, 2002; Khanna et al., 2003; Rounsevelll.et2803; Hajkowicz et al., 2005; Jansen et al.,
2005). These studies are, however, either relgtiwelak from an economic point of view (plot level
economic indicators aggregated to the regionallJererelatively weak from an environmental point
of view (plot level environmental indicators aggaegd to the regional level). In contrast, we use th
Environmental Economic Spatial Investment Prioaitian (EESIP) model (based on Smith et al.,
2005; Roebeling et al., 2006), which is a spatialimnmental-economic approach that integrates a
land use and value chain model with a hydrologicelddel to: i) explore land use and land
management arrangements that most cost-effectatlieve specified fine suspended sediment (FSS)
and dissolved inorganic nitrogen (DIN) water quatérgets, and ii) assess the effectiveness oé pric
policy instruments in promoting industry adoptiohb@st management practices for FSS and DIN
water quality improvement.

The developed approach recognizes that: i) bioiphlysharacteristics of the land vary widely

according to location and, in turn, determine agtizal production potentials, ii) climatic and

geomorphologic conditions differ according to lecat and, in combination with land use and

management practice, determine diffuse source vpatdutant delivery to the coast, and iii) farmers
make use of existing (non-straight line) infrastane to transport their produce to the processing
plant or market. Moreover, differences in fixed awariable costs and potential benefits from
alternative agri-industrial processing options @esidered.

Land use and land management are allocated aegfienal scale on the basis of which land use and
management practice on a particular land unit dmurties most to regional agricultural income, where

regional agricultural income is estimated as (pestére) production value (based on final products)
less corresponding fixed and variable producticemdport and processing costs. The mathematical
model, which is solved using GAMS 2.50 (BrookelgtE998), is structured as follows.

The total agricultural areain the region is divided into uniform blocks ohthL,;;x, where each block
of land is: i) geographically referenced by a sfeecific identification tagi), i) used to grow a
specific crop j), and iii) using a particular management practike Each land use sitk;; is
characterized by a specific distance to the primggsant or market by road[® or rail d/*' (in km),
specific soil characteristics and yielggy (in t/ha), and specific production cosggk (in $/ha) (based
on Roebeling et al., 2007). The region maximizgsoreal agricultural incomer, so that



I\L/Iax7T= Z(pjhj YiikLijx _qi,j,kLi,j,k)
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wherep; is the price of final produgt(market price in $/t)y is the fraction of final product per unit
of crop,v® andv® are the variable transport costs by road and(irais/t/km), and wherd®' and

f7"°° are total fixed costs associated to rail and msiog infrastructure (in $). Note that for each
productj the mode of transport is pre-defined to be eitlbad { = 1.n) or rail § = n+1.N). The
objective function is maximized subject to H» block size and regional area constraint, which are
respectively given by

ZLi,j,k g ()
K
DLk <a 3)
i

with & the maximum block size over all crops apthe maximum crop area over all blocks (in ha).

Fine suspended sediment (FSS) delivefy® (in t) and dissolved inorganic nitrogen (DIN) dreliy
D®' (in t) to the river mouth that originate from lanses and management practices at locatiare
estimated using SedNet/ANNEX (see Prosser et @01 2Bartley et al., 2004) in combination with
estimates for plot level FSS supmfy® and DIN supplyc®™ for land use$ and management practices
k (see Roebeling et al., 2007), such that

DF% = Z/“F$Cfﬁ Li ik 4)
i

DiDlN :Z)(iDlNCiF)jl,I,\iLi,j,k %)
jk
where x;7=° and "', respectively, the fraction of FSS and DIN supjpbm locationi ending up at
the river mouth. Total water pollutant deliveriesthe coast from all land uses in the catchment are
given by the sum of water pollutant deliveriesdtilocations in that catchment.

To explore land use and land management arrangsrtteatt most cost-effectively achieve specified
fine suspended sediment (FSS) and dissolved inmrgamogen (DIN) water quality targets, these
total water pollutant deliveries are constrainedgspgcified water quality targettsso that

Z DiFSS < tFSS (6)

ZDiDIN StDIN (7)

with t™° andt®™ the FSS and DIN water quality targets, respegtivel

2 The maximum crop are® corresponds to the total industry area in theorggie.: a; < ZalD .
ID



To assess the effectiveness of price policy instnish in promoting industry adoption of best
management practices to achieve FSS and DIN waiity]improvement, either parameter values
are changed (e.g. in the case of input price te@dditional lines are added to the objective fiomct
(e.g. in the case of water pollutant tax or wateltypant abatement subsidy) to reflect the changes
brought about by the price policy instrument. Piitgruments assessed in this study include a water
pollutant delivery tax, a water pollutant supply,ta water pollutant delivery abatement subsidy and
nitrogen (N) fertilizer tax. To this end we add flslowing lines to the objective function (regidna
agricultural incomer— see Egn 1) for the first three instruments

« water pollutant delivery tax - FSS: - pFSSZ(/YiFSSCfﬁ Li,j,k)
i,j,k
- DIN: . pDINi;((XiDlNCiI,DjI,I’\:Li,j,k)
« water pollutant supply tax - FSS: - pp$i(ci',:ﬁ|—i,j,k)
i,j,k
-DIN: - PN 3 (el )

i,jk

« water pollutant delivery abatement subsidy - FSSsFSSUD FSS]Base,me - Z(,“Fsscff?( Li'j'k)J
i,j,k

-DIN: + SD'N[[DDlN]Basdine - Z(/ﬁDINCiI,DjlmLi,j,k)]

ik

wherep™ andp®™ the water pollutant tax (in $/t), whese® ands™'™ the water pollutant abatement
subsidy (in $/t), and wher®[*]gasine and P°Meassine the baseline water pollutant deliveries (in t)
for FSS and DIN, respectively.

The N-fertilizer tax is simply reflected by adjusdithe specific production codlig (see Eqn 1) in
accordance with the fertilizer tax.

2.2 Environmental-economic optimal control model

There are a number of studies throughout the wibrdd relate economic benefits from terrestrial
water pollution to (indicators of) reef health asubsequent changes in marine based economic values
(Hodgson and Dixon, 1988; Ruitenbeek et al., 199%9tenbeek and Cartier, 1999; Gustavson and
Huber, 2000; Cesar et al., 2002; Wielgus et alg22Roebeling, 2006). We use the Catchment to
Reef Optimal Water Pollution Abatement (CROWPA) mio@dapted from Roebeling, 2006), which

is a deterministic optimal control approach use@xplore optimal rates of fine suspended sediment
(FSS) and dissolved inorganic nitrogen (DIN) waiaality improvement in a linked terrestrial and
marine ecosystem.

Let Bi(R;) denote total terrestrial benefits from agricudtim a Great Barrier Reef (GBR) catchment
that are a function of the rate of (agriculturaBter pollutionR; (control variable), and |eB(P;)
denote total marine benefits from economic userammduse values of the GBR catchment lagoon that
are a function of the level of (GBR catchment lagowater pollutionP; (stock variable). The annual
flow of net benefitsfP,,R,) is given by the sum of terrestrial and marinedfigs, and is given by

(R, R) = B (R) + By (R)
- (0'1 +a2Rt _a3Rt2)+ (ﬁfse +,Blnon—use)_(ﬂ;se +ﬂ£10n—use)Pt

(8)

where a; is the value of agricultural production withouttesapollution, a, and as are the terrestrial
benefit coefficients (note there are decreasinggmat benefits from the rate of water pollutionjda
where g, reflects the economic value of the GBR catchmagbdn in the absence of water pollution



(B, > 0) andp; reflects the water pollution cost coefficie® & 0) corresponding to local usg*()
and global non-use8{®™"*) values of the GBR catchment lagoon. The optineaitl welfare (V)
maximizing problem now becomes

MaxW = [[(R, R)Je™"ot 9
0
subject to R =b+R -aR (10)
and P,>0 andR, >0

R>0 andR =0

wherer is the time discount rate is the equation of motion fd?, and where a dot over a variable

denotes the derivative of that variable with respedimet. The equation of motior®, for the level
of water pollutionP; is determined by the annual level of exogenougmaollution originating from
World Heritage and non-agricultural ared, the rate of water pollution associated to adtical
production R) and the fraction of total water pollution permathe lost from the system through
deposition, transport, uptake and other biophygicatessesaf).

Based on Roebeling (2006), it can now be showntttgabptimal rate of (agricultural) water pollution
R and the optimal level of water pollutiéh in the steady state are, respectively, given by

C_ap(ra) = (B + A

R 11
204(r + a) (11)
« _b+R
P’ = 12
- (12)

It can be observed that the rate of water poIIuRbis decreasing im; andf,, and increasing ia, r
anda (see Eqgn 11), while the level of water pollut®nis decreasing ia, and increasing ib andR’
(see Eqgn 12).

This model can now be used to determine the optiatalof water pollutiofR for each industry and
each water pollutant separately, because: i) we ta&rine benefitB..(P;) to be linearly decreasing
in the level of water pollutioP; (see Eqn 8) which implies that the cost per uhiwater pollution is
constant %) and thus independent of water pollution from othrdustries, and ii) there is no
significant correlation between the assessed vpathrtants FSS and DIN (Roebeling et al., 2007).



3. Resultsof the environmental-economic analysis

In this chapter we apply the EESIP and CROWPA ne(ligscribed in Chapter 2) to a case study in
the Tully-Murray catchment, to explore industry damanagement arrangements that most cost-
effectively achieve specified fine suspended sedtnfeSS) and dissolved inorganic nitrogen (DIN)
water quality targets (see Section 3.1), to expéffieient water quality improvement targets for§-S
and DIN water pollution in a linked terrestrial andirine ecosystem (see Section 3.2), and to assess
the effectiveness of price policy instruments irpoting industry adoption of best management
practices to achieve FSS and DIN water quality owpment (see Section 3.3). Note that as there is
no hydrological model available that accurately chibgs the relationship between plot level
persistent herbicide concentrations and persisteriticide delivery (see Roebeling et al., 2007), we
focus on FSS and DIN water pollution in the sugaegdorticulture, grazing and forestry industries.

3.1 Efficient industry land management arrangements

The EESIP model presented in Section 2.1 is usedptore industry land management arrangements
that most cost-effectively achieve specified wagenlity targets. To this end we constrain fine
suspended sediment (FSS) and dissolved inorgatrizgan (DIN) water pollutant delivery in the
sugarcane, horticulture, grazing and forestry itikss (using Eqns 6 and 7) in a stepwise fashion,
thereby relaxing the fixed land management constgger industry assumed in the base scenario (i.e.
reflecting current industry management practicegh@ Tully-Murray catchment) while not allowing
for land use change between industries (i.e. néfigccurrent land use in the Tully-Murray
catchment). These results are, in turn, used irtid®e8.2, to determine terrestrial (agricultural)
benefit functions for each industry and for eaclewgaollutant.

The model is parameterized and calibrated usingtaaoh 2005 input prices and average 2003 to 2005
output prices as well as detailed input-output égufor production systems and management
practices in sugarcane, horticulture, grazing amestry production (Roebeling et al., 2007), in
combination with digital elevation (QLUMP, 2004ilsclass (based on Murtha and Smith, 1994; see
Roebeling et al., 2007)and rail and road distance (see Roebeling e2@06) information (Figure 1).
Regarding the input-output figures for productigrstems and management practices, it should be
noted that 576 sugarcane, 54 horticulture, 660 iggaand 6 forestry management practice
combinations are included in the analysis (fromb&diag et al., 2007).

The following sections provide an overview of theséline, the fine suspended sediment reduction
and the dissolved inorganic nitrogen reduction ades, respectively.

3 The area distribution amongst the four soil clagk$o S4 is 27,377 ha of soil class S1, 18,886fsail class S2, 321 ha
of soil class S3 and 26,782 ha of soil class S4.



Figurel Contour (a), soil class (b), rail distance (c) and road distance (d) maps for the Tully-
Murray catchment
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3.1.1 Basdinescenario

Baseline model results per industry and associied management arrangements in the Tully-
Murray catchment are shown in Table 1 and Figunee@yectively. Total agricultural land use in the
Tully-Murray catchment equals just over 72,000 Wwih sugarcane and grazing the dominant land
uses covering, respectively, about 50% and 30%eftdtal agricultural land use area. Horticulture
and forestry only account for 12% and 8% of theécadpural land use area, respectively.

From an economic perspective, however, sugarcathdanticulture are the most important industries
in the Tully-Murray catchment. The sugarcane andidwdture industry account for, respectively,

about 50% and 40% of the regional agricultural mep while the grazing and forestry industry
account for, respectively, 7% and 3% of the agtizal income in the Tully-Murray catchment.

Regional agricultural income in the Tully-Murraytclament equals about 125 million $ per year.

Figure2 Baselineland management arrangementsin the Tully-Murray catchment

Tully Murray Fixed Management Practices

Timber
H R
Bananas
F10 R1
Catle Fattening
B 530 R17
Sugarcane

TL1.F1.N180.NA1 Au w7 14 Wilamaters
O

Notes: Timber: R1 = bare interrow; R2 = grassediate.

Bananas: F02 = 20% of fertilizer requirements;FE1Q = 100% of fertilizer requirements.
R1 = bare interrow; R2 = grassed interrow.

Cattle fattening: S20 = 0% nitrogen fertilizer raganents; ...; S30 = 0% nitrogen fertilizer requiretsen
R11 = 0.5 animal units per hectare; ...; R25 = Aifhal units per hectare.

Sugarcane: TL1 = actual tillage; TL2 = minimumagk; TL3 = zero tillage.
F1 = bare fallow; F2 = legume fallow.
NO60 = 60 kg N/ha; ...; N210 = 210 kg N/ha; N88Bitrogen replacement.
NA1 = single nitrogen application; NA2 = splitnagen application.

Rates of fine suspended sediment (FSS) and dissateeganic nitrogen (DIN) water pollution from
sugarcane, horticulture, grazing and forestry petida are, roughly, proportional to the relativada
use distribution for each of the industries in Thedly-Murray catchment. Total FSS delivery equals



about 55 kt/yr, while noting that sugarcane, hattiace and forestry production contribute about 10%
to 15% more to FSS delivery as compared to thédtive land share. Similarly, total DIN delivery
equals almost 650 t/yr, while noting that sugarcame horticulture production contribute up to 20%
more to DIN delivery as compared to their relateaved share.

3.1.2 Finesuspended sediment delivery scenarios

Reduced FSS delivery scenario results per indastdyassociated land management arrangements in
the Tully-Murray catchment are shown in Table 1 &iglre 3, respectively. From Table 1 it can be
observed that FSS water pollution control becomeeasingly expensive at larger rates of FSS water
pollution abatement, while there are large diffeemnbetween industries.

Tablel Mode results per industry in the Tully-Murray catchment for the baseline and a
20%, 40% and 60% reduction in fine suspended sediment (FSS) delivery

Scenarid  Indicator Unit Sugarcane Horticulture  Grazing Fomes Total
Baseline Land use ha 36,548.0 8,064.0 22,964.0 4878  73,360.0
Regional agr. inc.  million $ 65.4 48.2 8.4 4.7 126.7
FSS delivery kt FSS 29.7 7.5 2.31 4.9 54.4
DIN delivery t DIN 371.0 85.7 176.5 10.5 643.8
FSS -20% Land use ha 36,542.9 8,064.0 17,408.0 4874 67,758.9
Regional agr. inc. million $ 66.2 47.9 7.2 4.6 125.9
FSS delivery kt FSS 20.0 6.0 8.6 3.9 38.6
DIN delivery t DIN 245.8 85.7 1111 10.3 452.9
FSS -40% Land use ha 36,501.1 8,064.0 17,401.1 4550 67,470.9
Regional agr. inc.  million $ 65.2 47.6 7.2 4.3 124.3
FSS delivery kt FSS 17.8 4.5 7.7 2.9 32.9
DIN delivery t DIN 242.9 85.7 1111 9.6 449.3
FSS -60% Land use ha 34,430.1 8,064.0 17,260.0 94,90 64,663.2
Regional agr. inc.  million $ 57.3 47.1 6.9 3.6 115.0
FSS delivery kt FSS 11.9 3.0 5.1 1.9 21.9
DIN delivery t DIN 217.7 85.7 1111 8.0 422.5

Note: ! Baseline scenario (Baseline), 20% reduction in Félvety (FSS -20%), 40% reduction in FSS delivef$$ -
40%) and 60% reduction in FSS delivery (FSS -6096}e: scenario steps are not always 20% for alisiries.

In sugarcane production, a 20% reduction in FS®&ealgl is expected to come at a benefit to the
industry due to the adoption of win-win managemanaictices (reduced tillage and zero tillage). A
further reduction in FSS delivery would, howevenme at a significant cost to the sugarcane industry
and is most cost-effectively achieved through aucddn in the sugarcane area, altered fertilizer
application rates and re-arrangement of land maneage across the landscape. In particular, for
‘FSS -40%' most cost-effective fertilizer applicatirates are used on each soil type (150 kg N/ha on
S1; 120 kg/ha on S2 and S4), while for ‘FSS -60%significant amount of sugarcane land (on
steepest slopes, on the least productive soil §4and furthest away from Tully) is taken out of
production and fertilizer application rates on swyjpe S2 are increased to minimize subsequent
foregone production returns.

In horticulture (banana) production, reduction&86 delivery are expected to come at a small cost t
the industry due to the gradual adoption of grasstafrows. The most cost-effective location for
grassed interrows is close to rivers and/or riveuths.



Figure3

Cost-efficient land management arrangementsin the Tully-Murray catchment for

20%, 40% and 60% reduction in fine suspended sediment (FSS) delivery
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In beef production, reductions in FSS deliveryexpected to come at a significant cost to the goazi
industry as a result of a reduction in the grazinga in combination with the adoption of reduced
stocking rates. Grazing land on the steepest slapethe least productive soil type (S4) and fusthe
away from Tully is taken out of production firsthike stocking rates (and subsequent nitrogen
fertilizer application rates) are most cost-effeely reduced on the most productive soil type (S1)
and, again, furthest away from Tully.

Finally, in forestry production reductions in FS8lidery are expected to come at a significant tmst
the industry as a result of a reduction in the doxearea. In effect, it is more cost-effectivetase
forestry land out of production than to adopt gedssiterrows. Once again we see that forestry land
on the steepest slopes, on the least productiVéypei (S4) and furthest away from Tully is takart o

of production first.

3.1.3 Dissolved inorganic nitrogen scenarios

Reduced DIN delivery scenario results per induatrgt associated land management arrangements in
the Tully-Murray catchment are shown in Table 2 &igure 4, respectively. Like with FSS water
pollution control, it can be observed from Tabletiat DIN water pollution control becomes
increasingly expensive at larger rates of DIN watdtution abatement and, again, that there agelar
differences between industries.

Table2  Modd results per industry in the Tully-Murray catchment for the baseline and a
20%, 40%, 60% and 80% reduction in dissolved inorganic nitrogen (DIN) delivery

Scenarid  Indicator Unit Sugarcane Horticulture Grazing Fames Total
Baseline Land use ha 36,548.0 8,064.0 22,964.0 784%) 73,360.0
Regional agr. inc.  million $ 65.4 48.2 8.4 4.7 126.7
FSS delivery kt FSS 29.7 7.5 2.31 4.9 54.4
DIN delivery t DIN 371.0 85.7 176.5 10.5 643.8
DIN -20% Land use ha 36,542.9 7,676.1 14,916.0 8840 64,019.0
Regional agr. inc.  million $ 66.2 41.0 6.1 4.1 117.4
FSS delivery kt FSS 20.0 6.5 6.9 4.2 37.5
DIN delivery t DIN 245.8 68.6 88.8 8.4 411.6
DIN -40% Land use ha 36,548.0 6,185.6 12,316.7 5280 58,570.3
Regional agr. inc.  million $ 66.1 335 4.8 3.4 107.8
FSS delivery kt FSS 20.0 55 4.8 3.1 335
DIN delivery t DIN 222.6 51.4 66.6 6.3 347.0
DIN -60% Land use ha 36,542.9 4,480.0 8,830.8 0B[® 53,057.6
Regional agr. inc.  million $ 65.1 24.5 3.3 2.4 95.3
FSS delivery kt FSS 20.4 3.8 3.0 25 29.8
DIN delivery t DIN 148.4 34.3 44.4 4.2 231.3
DIN -80% Land use ha 36,542.9 3,453.7 5,113.5 12M 47,122.1
Regional agr. inc.  million $ 59.7 14.4 1.8 1.2 77.1
FSS delivery kt FSS 24.3 2.2 1.7 15 29.8
DIN delivery t DIN 74.2 17.1 22.2 2.1 115.7

Note: ! Baseline scenario (Baseline), 20% reduction in Déivéry (DIN -20%), 40% reduction in DIN deliverp(N -
40%), 60% reduction in DIN delivery (DIN -60%) a®@% reduction in DIN delivery (DIN -80%). Note that
scenario steps are not always 20% for all industrie
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Figure4 Cost-efficient land management arrangements in the Tully-Murray catchment for

20%, 40%, 60% and 80% reduction in dissolved inorganic nitrogen (DIN) delivery
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In sugarcane production, a reduction in DIN deljvef up to 40% is expected to come at a benefit to
the industry due to the adoption of win-win managempractices (economic optimum rates of
fertilizer application, nitrogen replacement anditsptrogen application). A further reduction inli®
delivery would, however, come at a significant ctistthe sugarcane industry and is most cost-
effectively achieved through a further decreaseates of nitrogen application, in particular on the
least productive soil type (S4) and to a minor et the most productive soil types (S1 and S2) as
the yield response to nitrogen application is latgs these most productive soil types.

In horticulture (banana) production, reduction®il delivery are expected to come at a large amst t
the industry as a result of a reduction in theiboltlre area in combination with reduced rates of
fertilizer application. Horticulture land on theak productive soil type (S2 — note that thereds n
horticulture production on S4) and furthest awayrfrTully is taken out of production first, while
fertilizer application rates are proportionally veed on all soil types.

In beef production, reductions in DIN delivery amepected to come at a large cost to the grazing
industry as a result of a reduction in the graznga in combination with reduced rates of nitrogen
application. Grazing land on the least productiei type (S4) and furthest away from Tully is taken
out of production first, while nitrogen applicatioates (and subsequent stocking rates) are mast cos
effectively reduced on the most productive soiktyS1 and S2) furthest away from Tully.

Finally, in forestry production reductions in DINlivery are expected to come at a large cost to the
industry as a result of a reduction in the forestrgya. Forestry income losses are larger as comhpare
to those for the FSS scenarios, because DIN dgligeless location dependent as compared to FSS
delivery. Moreover, nitrogen application best maragnt practices in forestry production have not

been assessed and included in this study.

3.2 Efficient industry water quality improvement targets

The CROWPA model presented in Section 2.2 is usekétermine optimal rates of water pollutign

for each industry and each water pollutant seplgraleo this end we first determine parameter
estimates for the terrestrial (agricultural) benifinctionsB(R) per industry and per water pollutant
(using Egn 8) and, in turn, (based on these pamnedtimates) we determine optimal rates of
(agricultural) water pollutionR per industry and per water pollutant (using Eqn. 1As the
guantitative relationship between water pollutiow andicators of reef health is not well establghe
and, thus, neither is the relationship between mptdlution and marine based economic values
(Roebeling et al, 2006), we perform a sensitivitalgsis with respect to water pollution cogqsee
Eqn 8). Again, we focus on fine suspended sedir(fé86) and dissolved inorganic nitrogen (DIN)
water pollution in the sugarcane, horticulture zimg and forestry industries.

Table3 Parameter estimates for terrestrial benefit functions B (R) per industry and per
water pollutant

FSS DIN
Sugarcane Horticulture  Grazing Forestry SugarcaHerticulture  Grazing Forestry
o) 28.4010 23.8100 3.6853 1.4097 54.4810 3.4770-0.2035 -0.1982
a, 3.2408 0.5682 0.3745 1.4330 0.0900 6456 0.0876 0.7222
as -0.0672 -0.0315 -0.0142 -0.1564 -0.0002 -0.0017 -0.0002 -0.0246

Based on the EESIP model results presented in dblend 2 (see Section 3.1), we estimate the
terrestrial (agricultural) benefit functions foroaindustry and each water pollutant by plotting th
rate of water pollutiorR, against the terrestrial benefi,(R) and fitting the quadratic terrestrial
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agricultural benefit functions (see Eqgn 8). Par@mestimates are given in Table 3 and corresponding
total water pollution abatement cost functionssirewn in Figure 8.

To put the total abatement cost functions (Figyre perspective, we need to bear in mind the bas
rates of water pollutiofR, per industry (given in Tables 1 and 2, and forvemrience repeated in
Table 4) which are to a large extent determinedthi®/ land use area covered by each of these
industries. Some of the total abatement cost fanstirise sharply in the rate of water quality
improvement (particularly for FSS in the forestnglistry and for DIN in the horticulture and forgstr
industries), as the potential for these industitesontribute to water quality improvement is liedt
due to their relatively small land use area witthie catchment and/or the limited availability oesv
absence of (assessed) industry best managemetit@sdfor water quality improvement. This is not
to say, however, that water quality improvementusthmot be considered in these industries.

Figure5 Total water pollution abatement cost functions per industry and per water pollutant
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Furthermore, it can be observed from Figure 5ithabme industries water quality improvements can
be obtained at a negative cost and, thus, a befpetiticularly for FSS and DIN in the sugarcane
industry). These are the so-called win-win managerpeactices that provide economic benefits to
the industries as well as environmental benefithéowider community (see also Section 3.1).

Table4  Optimal rates of water pollution R* per industry and per water pollutant for water
pollution costs £

5 R (kt FSS) B R (t DIN)
($/t FSS)  Sugarcane Horticulture Grazing Foresti§$/t DIN) Sugarcane Horticulture Grazing Forestry
0 24.1 9.0 13.2 4.6 0 281.3 195.5 390. 14.7
100 234 7.5 9.9 4.3 20,000 221.7 189.9 149.0 314
200 22.7 6.0 6.5 4.0 40,000 162.2 184.3 107.6 913
300 22.0 4.5 3.1 3.7 60,000 102.7 178.7 66.2 513.
400 21.3 3.0 -0.2 34 80,000 43.2 173.1 24.8 13.1
Ro (kt) 29.7 7.5 12.3 49 Ryt 371.0 85.7 1765  10.5

Based on the parameter estimates for the terre@gecultural) benefit functionB(R) per industry
and per water pollutant presented in Table 3, werdene optimal rates of (agricultural) water
pollution R per industry and per water pollutant (using Egh Glven a time discount rateof 5%/yr
and ignoring re-suspension of water pollutants. @@e= 1), results are given in Table 4 and
corresponding marginal water pollution abatemerst donctions are shown in Figure’ &ote that

“ Total water pollution abatement costs refer to thtal costs associated with a particular rate giroswement in water
quality (as compared to the current rate of watdupon).

® Marginal water pollution abatement costs refertie marginal costs associated with a marginal imgmeant in water
quality at a particular rate of improvement in wagaality (as compared to the current rate of watdiution).
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some of the industry marginal abatement cost fanstidon’t show up in Figure 6 (particularly for
DIN in the horticulture and forestry industriesy #he marginal abatement costs are (well) above
those provided on the scale in the figure.

In case we ignore the downstream costs from watlutpn (5 = 0), we see that maximum welfare
gains are expected to be obtained through a redudti FSS and DIN water pollution by the
sugarcane industry of about 20% and 25%, respégtiMete that these welfare gains purely accrue
to the sugarcane industry. No welfare gains areeg to be obtained from a reduction in FSS and
DIN water pollution by the other industries.

In case we do take into account the downstreans dosin water pollution £ > 0), we see that
welfare gains are likely to be obtained througheduction in water pollution not only by the
sugarcane industry but also through a reductiomnater pollution by some of the other industries. If
the downstream costs from FSS water pollution wddd200$/t FSS, maximum welfare gains are
likely to be obtained through a reduction in FSSewngollution by the sugarcane, horticulture,
grazing and forestry industries of about 25%, 2@%%6 and 17%, respectively. Alternatively, if the
downstream costs from DIN water pollution are 4000DIN, maximum welfare gains are expected
to be obtained through a reduction in DIN watedyian by the sugarcane and grazing industries of
about 55% and 40%, respectively.

Figure6 Marginal water pollution abatement cost functions per industry and per water
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The way in which these efficient, welfare maximigwater quality improvement targets for FSS and
DIN can be achieved most cost-effectively withie tandscape through adoption of best management
practices by the industries in the Tully-Murray atahent, can be observed in Section 3.1 from
Figures 3 and 4, respectively.

A number of observations should be made. First, (tbtal and marginal) DIN water pollution
abatement costs for the horticulture and forestdystries are most likely overestimated because the
are based on a limited number of best managemaantiges (see Roebeling et al., 2007) and because
they are based on a target-oriented productioresystsimulation model (LUCTOR) that ignores
inefficiencies in input application (Hengsdijk dt,&al998). As a consequence, it is not likely that
reliable welfare maximizing rates of water qualityprovement have been identified for the
horticulture and forestry industries. Second, tia¢a{ and marginal) water pollution abatement costs
are based on the current best management praegsessed in Roebeling et al. (2007), and thus do
not include any future best management practicegsvéber quality improvement. It can be expected
that (total and marginal) water pollution abatemerdts would decrease if future best management
practices would be taken into account, thus achgewuilarger water quality outcome at the same cost.
Finally, re-suspension of water pollution has neer taken into account and, as a consequence,
welfare maximizing rates of water quality improverhare underestimated (see Roebeling, 2006).
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3.3 Incentives for industry adoption of best management practices

The EESIP model (see Section 2.1) is now used gesasthe effectiveness of various price policy
instruments (taxes and subsidies) in promotingatt@ption of best management practices to achieve
FSS and DIN water quality improvement. Price instents include a water pollutant delivery tax (i.e.
a price on the net delivery of water pollutantshe coast), a water pollutant supply tax (i.e.iagon

the gross supply of water pollutants to waterwagsjater pollutant delivery abatement subsidy (i.e.
a payment for the achieved reduction in net dejividrwater pollutants to the coast) and a nitrogen
fertilizer tax (i.e. an increase in the price oftifezer). To this end parameter values are changed
(nitrogen fertilizer tax) or additional lines ardded to the objective, regional agricultural income
function (water pollutant delivery tax, water padat supply tax and water pollutant abatement
subsidy) to reflect the changes brought about byptite policy instrument (see Section 2.1).

The following sections provide an overview of theodal simulation results assessing the
effectiveness of policy instruments promoting tdetion of best management practices for FSS and
DIN water quality improvement, respectively.

3.3.1 Finesuspended sediment policy instruments

Baseline and price policy instrument simulationutess for FSS water quality improvement by
industries in the Tully-Murray catchment are shownTable 5, assessed price policy instruments
including a FSS delivery tax, a FSS supply taxafES delivery abatement subsidy.

The FSS delivery tax as well as the FSS delivergtaabent subsidy of 200$/t FSS are chosen
equivalent to the downstream costs from FSS waitutpn used in Section 3.2, to show that both
the delivery tax and the delivery abatement subsidy likely to lead to industry adoption of best
management practices at locations in the catchmmentresult in welfare maximizing rates of FSS
water pollution (i.e. cost-efficient). Consequenthnd in line with environmental-economic theory
(see for example Perman et al., 1999), both thealgltax as well as the delivery abatement subsidy
can be used to achieve the optimal rates of watkwtjpn in the Tully-Murray catchment identified
in Section 3.2 (Table 4), implying a reduction i8%delivery of about 30%.

Industries in the Tully-Murray catchment responéfedently to the FSS delivery tax and the FSS
delivery abatement subsidy of 200$/t FSS. In swage@roduction FSS delivery is reduced by about
30% due to industry adoption of win-win managenpactices (reduced tillage and zero tillage), in
horticulture (banana) production FSS delivery gueed by about 20% through industry adoption of
grassed interrows, in beef production FSS delivengduced by over 40% through a reduction in the
grazing area as well as a reduction in stockingsranhd, finally, in forestry production FSS deliver
reduced by almost 25% through a reduction in tmestoy area. For further details on the location of
land use and land management change in the larelgulaase refer to Section 3.1.2.

The costs involved in the FSS delivery tax andRB& delivery abatement subsidy are either carried
by the involved industries (delivery tax) or by thevernment (delivery abatement subsidy), and
amount to about 7.3 m$/yr and 3.6 m$/yr, respelgtivé/hile the costs associated with the FSS

delivery tax may be relatively small at the catchtrlevel (regional agricultural income decreases by
about 5%), they can be relatively large for sonuugtries in the Tully-Murray catchment (about 20%

decrease in agricultural income from grazing anddtry production, respectively).

® The small differences in CROWPA and EESIP model ouafor optimal rates of FSS and DIN water poliutare
explained by the fact that EESIP model simulatiesutts are used to determine parameter estimatdarfctional forms
used in the CROWPA model (see Section 3.2).
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Table5 Policy simulation results per industry in the Tully-Murray catchment for the
baseline and incentives for fine suspended sediment (FSS) delivery abatement

Scenarid Indicator Unit Sugarcane  Horticulture Grazing Fones  Total
Baseline Land use ha 36,548.0 8,064.0 22,964.0 4978  73,360.0
Regional agr. inc.  million $ 65.4 48.2 8.4 4.7 126.7
FSS delivery kt FSS 29.7 7.5 2.31 4.9 54.4
DIN delivery t DIN 371.0 85.7 176.5 10.5 643.8
FSS Land use ha 36,548.0 8,064.0 21,304.0 5,620.0 1,536.0
delivery tax  Regional agr. inc.  million $ B2. 46.8 6.6 3.8 119.4
($200/t FSS) FSS delivery kt FSS 20.0 6.0 7.0 3.7 36.8
DIN delivery t DIN 245.8 85.7 165.7 10.3 507.5
FSS Land use ha 36,168.0 8,064.0 18,404.0 5,264.0 8,26@.0
supply tax Regional agr. inc. million $ 56.3 44.6 4.9 2.8 108.7
($200/t FSS) FSS delivery kt FSS 18.0 5.2 4.2 2.9 30.3
DIN delivery t DIN 243.1 85.7 142.8 9.6 481.3
FSS delivery Land use ha 36,548.0 8,064.0 21,304.0 5,620.0 81053
abatement Regional agr. inc. million $ 68.1 48.3 9.0 4.8 128.4
subsidy FSS delivery kt FSS 20.0 6.0 7.0 3.7 36.8
($200/t FSS) DIN delivery t DIN 245.8 85. 165.7 10.3 507.5

The FSS supply tax differs from the FSS delivery itathe sense that it is charged on the (gross)
supply of FSS to waterways rather than on the (@eliyery of FSS to the coast — thus ignoring that
FSS delivery is time and spatially dependent (seeexample Prosser et al., 20014n FSS supply
tax of 200%/t FSS is likely to lead to industry ptlon of best management practices that result in
rates of FSS water pollution that are below thefavelmaximizing rates of FSS water pollution in the
Tully-Murray catchment identified in Section 3.2afile 4), implying a reduction in FSS delivery of
about 45% as best management practices are adbptedhout the catchment independent of their
actual effectiveness in reducing FSS delivery (iat.cost-efficientf.

Industry response to the FSS supply tax of 200$8 ks as follows. In addition to the management
practices adopted under the FSS delivery tax aad=8S delivery abatement subsidy (see above),
FSS delivery in sugarcane production is reducedrmther 10% through a reduction in the sugarcane
area and altered fertilizer application rates, [E8Bvery in horticulture production is reduced hy a
additional 10% through further adoption of grasss@rrows, FSS delivery in beef production is
reduced by another 25% through a further redudtiograzing area as well as stocking rates and,
finally, FSS delivery in forestry production is remkd by an additional 15% through a further
reduction in the forestry area.

The costs associated with the FSS supply tax agvely large (18 m$/yr or about 15% of regional
agricultural income) and carried by the involvedlustries. Costs are (relatively) largest for the
grazing, forestry and sugarcane industry (41%, 40fb 15% decrease in agricultural income from
grazing, forestry and sugarcane production, regmdyg). Finally note that, at an average FSS

7 Although the same land use in two particular lamati may be characterized by the same supply of 6fSSIN to
waterways, the associated net delivery of FSS bf Ithe coast may differ significantly.

8 This result is in line with environmental-econorttieory, which states that a uniform tax will ongatl to cost-efficient
(i.e. most cost-effective) reduction in pollutidntlhe impact of pollution emission is independehtime and place (see
Perman et al., 1999). As FSS and DIN water poltutstivery are time and spatially dependent (Prossel., 2001), a
water pollutant delivery tax will but a water padmt supply tax will not lead to cost-efficiente(i.most cost-effective)
reduction in water pollutant delivery.
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delivery reduction cost of 0.75 m$/kt FSS for tlpy tax versus 0.41 m$/kt FSS for the delivery
tax, the FSS supply tax is far less cost-effedtiveeducing FSS delivery to the coast.

3.3.2 Dissolved inorganic nitrogen policy instruments

Baseline and price policy instrument simulationutess for DIN water quality improvement by
industries in the Tully-Murray catchment are shawTable 6. Assessed instruments include a DIN
delivery tax, a DIN supply tax, a DIN delivery abatent subsidy and a nitrogen (N) fertilizer tax.

Analogous to the FSS delivery tax and the FSS eéslimbatement subsidy, we see that both the DIN
delivery tax and the DIN delivery abatement subsifiy0$/kg DIN are likely to lead to industry
adoption of best management practices at locatiotige catchment that result in welfare maximizing
rates of DIN water pollution in the Tully-Murraytchment (i.e. cost-efficient) — implying a reductio

in DIN delivery of about 45% (see Table 4, Sectod)’

Industries in the Tully-Murray catchment respondaimumber of ways to the DIN delivery tax and
the DIN delivery abatement subsidy of 40$/kg DIN sugarcane production DIN delivery is reduced
by almost 60% due to industry adoption of win-wiamagement practices (economic optimum rates
of fertilizer application, nitrogen replacement asplit nitrogen application) as well as adoption of
some lose-win management practices (rates ofientibpplication below the economic optimum rate
of application). In beef production DIN deliveryrsduced by about 35% through a reduction in the
grazing area as well as a reduction in the nitrogggplication rate. Finally, in horticulture (bangna
and forestry production, DIN delivery is not reddcas neither the DIN delivery tax nor the DIN
delivery abatement subsidy provide a sufficientlygk incentive to change land use and/or land
management. For further details on the locatiodanfl use and land management change in the
landscape, please refer to Section 3.1.3.

The costs involved in the DIN delivery tax and N delivery abatement subsidy, carried by the
involved industries or government, amount to abba6 m$/yr and 10.1 m$/yr, respectively. The
costs associated with the DIN delivery tax areafretly) largest for the grazing, sugarcane and
forestry industry, leading to a decrease in agtical income from grazing, sugarcane and forestry
production of about 65%, 10% and 10%, respectively.

The DIN supply tax is, like the FSS supply tax, rgea on the supply of DIN to waterways and thus
ignores that DIN delivery is time and spatially degent (Prosser et al., 2061 DIN supply tax of
40%/kg DIN is likely to lead to industry adoptiof lmest management practices that result in rates of
DIN water pollution that are well below the welfareximizing rates of DIN water pollution in the
Tully-Murray catchment (see Table 4, Section 3i2plying a reduction in DIN delivery of almost
90% as, again, best management practices are ddbpteighout the catchment independent of their
actual effectiveness in reducing DIN delivery (het cost-efficient)?

Industry response to the DIN supply tax of 40$/Kf\ s, as a consequence, fairly extreme. While
grazing and forestry production are abandoned, @hNvery in sugarcane production is reduced by
almost 90% due to further industry adoption of {age management practices (fertilizer application
rates below the economic optimum application rared DIN delivery in horticulture production is
reduced by about 60% through a reduction in thdidudture area in combination with reduced
fertilizer application rates.

The costs associated with the DIN supply tax anmy V&rge (95 m$/yr or about 75% of regional
agricultural income) and carried by the involvediustries, thereby noting that the grazing and

9 See footnote 6.
10 5ee footnote 7.
15ee footnote 8.
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forestry industry would have to close down as asegunence of the DIN supply tax of 40$/kg DIN.
Also here we see that, at an average DIN delivedyction cost of 0.17 m$/t DIN for the supply tax
versus 0.06 m$/t DIN for the delivery tax, the DdMpply tax is less cost-effective in reducing DIN
delivery to the coast.

Table6  Policy simulation results per industry in the Tully-Murray catchment for the
baseline and incentives for dissolved inorganic nitrogen (DIN) delivery abatement

Scenarid Indicator Unit Sugarcane  HorticultureGrazing Forestry Total
Baseline Land use ha 36,548.0 8,064.0 22,964.0 784%) 73,360.0
Regional agr. inc. million $ 65.4 48.2 8.4 4.7 126.7
FSS delivery kt FSS 29.7 7.5 231 4.9 54.4
DIN delivery t DIN 371.0 85.7 176.5 10.5 643.8
DIN Land use ha 36,548.0 8,064.0 17,576.0 5,784.0 7,9®.0
delivery tax ~ Regional agr. inc. million $ .89 44.7 2.8 4.3 1111
($40/kg DIN) FSS delivery kt FSS 20.4 7.5 9.5 4.9 42.3
DIN delivery t DIN 155.9 85.7 116.0 10.5 368.1
DIN Land use ha 36,548.0 3,252.0 0.0 0.8 39,800.8
supply tax Regional agr. inc. million $ 28.8 2.9 0.0 0.0 317
($40/kg DIN) FSS delivery kt FSS 245 4.1 0.0 0.0 28.7
DIN delivery t DIN 43.1 33.2 .00 0.0 76.3
DIN delivery Land use ha 36,548.0 8,064.0 17,576.0 5,784.0 67,972.0
abatement Regional agr. inc. million $ 74.1 48.2 9.9 4.7 136.8
subsidy FSS delivery kt FSS 20.4 7.5 9.5 4.9 42.3
($40/kg DIN) DIN delivery t DIN 155.9 85.7 116.0 10.5 368.1
N-fertilizer Land use ha 36,548.0 8,064.0 18,532.0 5,784.0 68,928.0
tax Regional agr. inc. million $ 59.4 2.8 4.5 3.9 110.6
(+150%) FSS delivery kt FSS 20.0 7.5 10.1 4.9 42.6
DIN delivery t DIN 159.6 85.7 131.6 10.5 387.4

The nitrogen (N) fertilizer tax of 150% is likelp tead to industry adoption of best management
practices that result in rates of DIN water potlatthat are just above the welfare maximizing rafes
DIN water pollution in the Tully-Murray catchmerdentified in Section 3.2 (Table 4), implying a
reduction in DIN delivery of about 40%. Like witha DIN supply tax, we see that best management
practices are adopted throughout the catchmenpardient of their actual effectiveness in reducing
DIN delivery (i.e. not cost-efficient}

Industry response to the N-fertilizer tax of 150%rigs widely across industries. While the
horticulture (banana) and forestry industry arelikaly to respond to the fertilizer tax, in sugane
production DIN delivery is reduced by almost 60% da industry adoption of win-win management
practices (economic optimum rates of fertilizer laggion, nitrogen replacement and split nitrogen
application) and in beef production DIN deliveryreduced by about 25% due to a reduction the
grazing area as well as a reduction in the nitragsilication rate.

The costs involved in the N-fertilizer tax are ¢drby the involved industries, and amount to about
16.1 m$/yr (~ 15% of regional agricultural incom&he costs associated with the N-fertilizer tax are
likely to be (relatively) largest for the grazingdaforestry industries in the Tully-Murray catchrhen

125ee footnote 8.
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(about 45% and 15% decrease in agricultural incfvora beef and forestry production, respectively)
and about equally large for the sugarcane and duttdie industry (about 10% decrease in
agricultural income from sugarcane and horticultpreduction, respectively). At an average DIN
delivery reduction cost of 0.07 m$/t DIN for theféHilizer tax versus 0.06 m$/t DIN for the deliyer
tax, we see that the N-fertilizer tax is less agfgtctive in reducing DIN delivery to the coast.
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4. Discussion and conclusions

In this report we apply and link the EESIP models@d on Roebeling et al., 2006) and the CROWPA
model (based on Roebeling, 2006) to: i) exploret-efficient industry land management
arrangements for water quality improvement, ii) lexg efficient water quality improvement targets,
and iii) assess incentives for industry adoptionbest management practices for water quality
improvement® The Environmental Economic Spatial Investment fimtion (EESIP) model
integrates a land use and value chain model (sath ®tnal., 2005) with the water quality model
SedNet/ANNEX (see Bartley et al., 2004). It is motly used to explore cost-efficient industry
specific land management arrangements for watditgjiraprovement and to assess the effectiveness
of price policy instruments in promoting industrgsh management practice adoption, but also to
determine terrestrial (agricultural) benefit fuocts for use in the Catchment to Reef Optimal Water
Pollution Abatement (CROWPA) model. The CROWPA nloddates economic benefits from
terrestrial agricultural activities and associatester pollution to changes in marine based economic
values in order to explore efficient water qualityprovement targets (see Roebeling, 2006). Based
on preceding program and project reports, liteeaturd expert knowledge, this approach allows us to
assess incentives for industry best managementiggaadoption that lead to efficient water quality
improvement targets and corresponding cost-effedawnd use and land management arrangements
for fine suspended sediment (FSS) and dissolvedgamic nitrogen (DIN) water pollution in
sugarcane, horticulture, grazing and forestry pctido in the Tully-Murray catchment.

Results from the explorative industry land manag#naerangement analysis (based on EESIP) show
that FSS and DIN water pollution control becomeaseéasingly expensive at larger rates of FSS and
DIN water pollution abatement. It is important tot®, however, that there are large differences
between industries:

* In sugarcane production, a 20% reduction in FS&elgl is expected to come at benefit to the
industry due to the adoption of reduced tillage aer tillage, while a reduction in DIN delivery
of up to 40% is expected to come at benefit toitltristry due to the adoption of economic
optimum rates of fertilizer application, nitrogeepfacement and split nitrogen application. A
further reduction in FSS and DIN delivery would @it a significant cost to the industry as a
result of a reduction in the sugarcane area andtlaghr decrease in nitrogen application rates.

* In horticulture (banana) production, reductiond=BS delivery are expected to come at a small
cost to the industry due to the adoption of grassttrows, while reductions in DIN delivery are
expected to come at a large cost to the industeyrasult of a reduction in the horticulture amea i
combination with reduced rates of fertilizer apation.

» In beef production, reductions in FSS delivery expected to come at a significant cost to the
grazing industry as a result of a reduction indgrezing area in combination with the adoption of
reduced stocking rates, while reductions in DIN@gl/ are expected to come at a large cost to
the grazing industry as a result of a reductionthi}m grazing area in combination with reduced
rates of nitrogen application.

* In forestry production, reductions in FSS as wallRIN delivery are expected to come at a
significant/large cost to the industry as a restiti reduction in the forestry area.

Furthermore, it is shown that FSS delivery is moss$t-effectively reduced on paddocks that are
located on the steepest slopes, on the least predwoil types and furthest away from Tully, while
DIN delivery is most cost-effectively reduced ordgacks that are located on the least productivie soi
types and furthest away from Tully.

Results from the explorative water quality improwsmtarget analysis (based on CROWPA) have
been generated for a range of water pollution castshe quantitative relationship between water

13 The terms water quality, water pollution and wafeality improvement refer to water pollutant dely to the coast.
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pollution and indicators of reef health and, inntumarine based economic values, is not well
established (Roebeling et al, 2006). It is shovat:th

* If we ignore the downstream costs from water pmhut welfare gains are only likely to be
obtained through a reduction in water pollution thg sugarcane industry. Maximum welfare
gains are expected to be gained through a reduatidiSS and DIN water pollution by the
sugarcane industry of about 20% and 25%, respégtiidote that these welfare gains purely
accrue to the sugarcane industry.

« If we account for the downstream costs from wateltution, welfare gains are likely to be
obtained through a reduction in water pollutiontbg sugarcane industry as well as by some of
the other industries. If downstream costs from R&$er pollution equal 200$/t FSS, maximum
welfare gains are likely to be obtained througheduction in FSS delivery by the sugarcane,
horticulture, grazing and forestry industries obab25%, 20%, 45% and 17%, respectively. If
downstream costs from DIN water pollution total GID$/t DIN, maximum welfare gains are
expected to be obtained through a reduction in OWivery by the sugarcane and grazing
industries of about 55% and 40%, respectively

Results from the price policy instrument assessrfising EESIP), which have been generated for a
water pollutant delivery tax, a water pollutant glyptax, a water pollutant delivery abatement
subsidy and a nitrogen (N) fertilizer tax, showttha

* A water pollutant delivery tax as well as a watellygant delivery abatement subsidy are likely to
lead to industry adoption of best management mestiat locations in the Tully-Murray
catchment that result in welfare maximizing ratewater pollution (i.e. cost-efficient). The costs
involved in the delivery tax and the delivery alpa¢mt subsidy are carried by the involved
industries and the government, respectively, asdlréo be between 50% (DIN) and 100% (FSS)
larger for the delivery tax. Relatively largest iagltural income losses from a water pollutant
delivery tax can be observed in the grazing anesfoy industries.

* A water pollutant supply tax (which is charged ba gross supply of water pollutants rather than
on the net delivery of water pollutants to the ¢p&snot likely to lead to industry adoption of
best management practices at locations in the wetichthat result in welfare maximizing rates of
water pollution, as best management practicesdoptad throughout the catchment independent
of their actual effectiveness in reducing waterlyiaht delivery to the coast (i.e. not cost-
efficient). As compared to the water pollutant detiy tax, an equivalent water pollutant supply
tax comes at a three (FSS) to six (DIN) times lagest to the involved industries (agricultural
income losses again being relatively largest amiaingsgrazing and forestry industries) and is on
average between two (FSS) and three (DIN) times dest-effective in reducing water pollutant
delivery to the coast.

* A nitrogen (N) fertilizer tax is, similarly, notKely to lead to industry adoption of best
management practices at locations in the catchtattresult in welfare maximizing rates of
water pollution, as best management practicesdoptad throughout the catchment independent
of their actual effectiveness in reducing waterlytaht delivery to the coast (i.e. not cost-
efficient). Agricultural income losses are relativdargest amongst the grazing and forestry
industries and, as compared to the DIN delivery @&ald-fertilizer tax results to be about 10% less
cost-effective in reducing water pollutant delivéoythe coast.

Summarizing, based on the assessed current beageraent practices and actual land use pattern in
the Tully-Murray catchment, this study shows tldalt FSS and DIN delivery from the Tully-Murray
catchment can be reduced by about 10% and 15%geatdagly, through the adoption of current win-
win best management practices — i.e. managemeatiges that benefit the industry as well as the
wider community. In case there are beneficial spérs from reduced water pollution, further welfare
gains can be obtained through a reduction in thiigtry production area in combination with
industry adoption of current lose-win best manag#rpeactices — i.e. management practices that cost
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the industry though benefit the wider communitycéise beneficial spillovers from reduced FSS and
DIN delivery from the Tully-Murray catchment amount200$/t FSS and 40,000%$/t DIN, this study

shows that maximum welfare gains can be obtainecktycing total FSS and DIN delivery from the

Tully-Murray catchment by another 20% and 30%, eetipely.

Incentives for industry adoption of best managenpeattices for water quality improvement can be
provided through various price policy instrumentgater pollutant delivery taxes as well as water
pollutant delivery abatement subsidies provide -effitient incentives for water quality
improvement, though associated costs need to beeaaby the involved industries or the
government, respectively. In contrast, water pattisupply taxes as well as a N-fertilizer tax julev
non-cost-efficient incentives for water quality irmpement because best management practices are
adopted throughout the catchment independent df #etual effectiveness in reducing water
pollution (i.e. water pollutant delivery to the stja Although emission based taxes and subsides ar
cost-efficient, it is generally hard and costlyn®asure actual diffuse source emissions (i.e. water
pollutant deliveries) and, consequently, it maynre practical to base taxes and subsidies on (non-
cost-efficient) diffuse source emission proxies tewapollutant supplies), inputs (N-fertilizers) or
management practices (Perman et al., 1999).

Future research needs to address a number oftimnisaassociated with this study. First, the indust
(total and marginal) water pollution abatement €oste based on the current best management
practices assessed in Roebeling et al. (2007) tand, do not include any future best management
practices for water quality improvement. It can dgected that the industry (total and marginal)
water pollution abatement costs are lower if futbest management practices would be taken into
account, thus achieving a larger water quality ome at the same cost. To this end industry future
best management practices for water quality imprere need to be identifiéd assessed and trailed,
which requires investment from the correspondirtygtry R&D organizations.

Second, and related to the previous point, thestrgi{total and marginal) water pollution abatement
costs are based on the current land use patterncandequently, do not include land use change
between industries. It can be expected that thaeggte (total and marginal) water pollution
abatement costs are lower if land use change woelthken into account, thus achieving a larger
water quality outcome at the same cost. This mahithowever, that for some industries (total and
marginal) water pollution abatement costs increaseto allow for a decrease in the (total and
marginal) water pollution abatement costs for ofngore cost-effective) industries.

Third, the (total and marginal) DIN water pollutiabatement costs for the horticulture and forestry
industries are most likely overestimated becausy thre based on a limited number of best
management practices (see Roebeling et al., 20@¥bacause they are based on a target-oriented
production systems simulation model (LUCTOR) thgmdres inefficiencies in input application
(Hengsdijk et al., 1998}, As a consequence, less reliable welfare maximizitgs of water quality
improvement have been identified for the hortiadtand forestry industries.

Fourth, we evaluated the sensitivity of the mod@&hwespect to the downstream costs from water
pollution as the quantitative relationship betweeter pollution and indicators of reef health it no
well established and, thus, neither is the relatigm between water pollution and marine based

14 For a review of current and future best managerpeattices for water quality improvement in the Webpics of
Australia, please refer to Roebeling and Websted {20

15Roebeling et al. (2007) argue that as comparecetprbduction system simulation models LUCTOR (fotticatture and
forestry production; Hengsdijk et al., 1998) andSH/®R (for beef production; Bouman et al., 1998), ARHbr sugarcane
production; Keating et al., 1999) resulted to bstIsaited for best management practice cost-effEniss assessment as it
contains the most sophisticated routines for tHeutation of C-factors and DIN concentrations (whiare used in the
calculation of water pollutant supply and deliveising SedNet/ANNEX — see Bartley et al., 2004) wiiilalso allows for
the assessment of the largest range of currenfutung best management practices.
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economic values (Roebeling et al, 2006). Moreoves, assumed marine benefits to be linearly
decreasing in the level of water pollution, whichpiies that the cost per unit of downstream water
pollution is constant. If we desire to aim for eiincy in water pollution control through the
development of policies and incentives, we needend®tailed and quantitative estimates for the
marginal downstream costs from water pollution.

Fifth, re-suspension of water pollutants has nenbimaken into account. Roebeling (2006) shows that
the optimal (welfare maximizing) rate of water paibn is sensitive to and decreasing in the rate of
water pollutant re-suspension and, as a consequdreavelfare maximizing rates of water quality
improvement presented in this study are most liklglerestimated.

Finally, the used approach is deterministic an@sgsa result, likely to lead in biased outcomeseklvh
marine benefits from Great Barrier Reef (GBR) cowvston are uncertain while GBR degradation is
to a certain extent irreversible, deterministictdmsnefit analyses result in biased outcomes as the
don’t take the quasi-option value of the GBR into@unt (Dixit and Pindyck, 1994). Accounting for
uncertainty in marine benefits from GBR conservatiwill lead to lower optimal rates of
(agricultural) water pollution and, consequentigproved levels of water quality in the GBR lagoon.

Consequently and self-evidently, care should bertakhen using the figures presented in this study

for policy and planning purposes. Presented regutigide an indication of the gross direction and
magnitude of change — not an exact recipe for ahang
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