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EXECUTIVE SUMMARY

The Water Corporation is undertaking a major toélforest thinning in an effort to
increase water yields into the Wungong Reservotrytdo offset the effects of a drying
climate and catchment management practices, andotieequent reduced inflows. The
trial is expected to have additional environmeritehefits (eg more mature trees;
improved aquatic environments) and may also resulimproved timber yields and
quality. However there are risks to biodiversityater quality, soil protection, forest
structure and disease spread associated with tiginthiat need to be understood and
managed.

As part of the trial the Corporation has suppor2@dresearch projects in the areas of
water, land and biodiversity Through reports and published commitments it &lae
undertaken to develop a series of Key Performamcicators (KPIs) to assess its
performance in these areas during the thinning tria

This report summarises how the 20 research progectgibute to meeting the KPIs and
identifies gaps in the programit also provides advice on reporting to the Covesion
Commission of Western Australia, Environmental €ctibn Authority and the Board of
the Water Corporation.

Detailed recommendations can be found in SectiorH®wever in summary it is
suggested that additional KPIs be made in the areasllable timber yields (or another
economic measure of woody biomass production) hedsocial acceptability and cost
effectiveness of thinning. Consideration should de given to developing a KPI on
overstorey composition (as there is for undersforeys also recommended that there be
a fourth grouping of KPIs entitled “Socio-economi&ll KPIs need to be fully defined
with the Technical Reference Group with severalKi¢eding to be based on those in
the Forest Management Plan 2004 — 2013.

The field operations program could be converted atesearch project so that KPIs for
the safe handling of herbicides, the efficacy abi@de treatment and soil protection are
also covered by the research program. CurrentlgethePls are addressed through
operational programs. This new project may alssbsseet those for the achievement of
retained basal areas and level of damage in retaieens. If new KPIs are developed for
millable timber / woody biomass and the social ataigility and cost effectiveness of
thinning then these will also require definition.

A constraint in all projects is the ability to exam thinning and other management
practices in stream and reservoir buffers. In andrglimate these areas are now drier
and any impacts of treating upslope areas may tsetddy a dense stream or reservoir
buffer which is usually prescribed for protectingter quality. If the thinning trial were

L A fourth area — Climate Change — with KPIs foragrieouse gas emissions and carbon storage has been
suggested by Jael Johnstone, TRG member

2 The use of the degraded, logged and burnt forigsinithe Wungong Catchment as the control for the
treatment has been questioned by some members ®R6. However the possibility of conducting the
trial in more pristine forest could raise otheuiss.

® Whether hydrological data could be collected upslof the buffers has been suggested as an aiternat
approach by Jael Johnstone, TRG member.
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to be extended into the buffers permission wouldrdeuired from the Conservation
Commission and the Water Source Protection Branidhinvthe Department of Water.

Additional measurements of the impacts on streatemguality may also be required as
well as on in-stream biodiversity.

Summary details are provided for all 20 projectsglwith the trial KPIs, FMP and EPA
recommendations they help to meet. From this aisaitysvas found that a number were
weakly aligned at present (fungi biodiversity; hgldgical processes; prescribed fire and
stream quantity and quality; monitoring the effettwildfire on water, vegetation and
biodiversity; and the monitoringockatoo, avifauna and ground vertebrates proj@as.
include some/more measurements in both the thianddunthinned treatments would be
required to improve several of these projects (& wildfire one however). The
information provided for the review is not detailiedl some projects and some may also
be out-of-date. Therefore the lack of alignment may be as bad as appears to be the
case. It is hoped that collating this project daigether will prove to be a useful
communication initiative.

A number of projects are measuring similar comptsen using related methods but
have little or no evidence of data and expertisisg. Meetings of groups involved in
remote sensing, hydrological modelling, leaf aredek work and systems modelling are
recommended to improve the linkages.

There are annual information sharing seminars pmrtethese projects but given that
there are 20 to cover in one day there is oftenfiitgent time to assimilate the overall

results. It is therefore suggested that a half daykshop be added to provide an
opportunity for synthesis between result areas, almb between researchers and
managers. This workshop would be smaller is siaa the full day of presentations.

Finally, while no report is required to be madethe EPA it is recommended that a
program of informal briefings be established andntained in case a formal assessment
is required in future. Reporting to the Conservat@ommission needs to address the
Forest Management Plan (FMP) KPIs identified farheproject and emphasise the likely
consequences of “doing nothing different” in a dgyiclimate on aquatic ecosystems.
Information prepared for the submission to thin 3ieMile Brook Catchment may assist
in this regard. If an alignment is made betweenWhegong and FMP KPI definitions
then reporting will be relatively straightforward.

The report to the Board of the Water Corporatiajuiees a detailed business case to be
made of costs and likely benefits over time andtnpogjects are not assembling these
data in a systematic way. The proposed new prégecteet the KPI on the cost efficacy
of thinning could be aligned to help meet this iegment.
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1 Introduction

In early 2008 CSIRO were contracted to provide ggeifonal independent advice to the
Water Corporation on its Wungong thinning trialesifically:

1 Advise whether the Wungong research and monitgoirmgram is able to meet the
publicly-stated commitments made by the Water Cafpan (especially the KPIs on
pages 73-74 of the Water Corporation’s respongbe@®005 public review); and if
not

2 Advise what additional work would need to be damélt any gaps.

This work entailed a high level audit of the 20 eaxh projects currently funded
(Appendix 1) and their relationship with these KPIs

In addition, high level advice was required on Hao®et to report on the Wungong project
to the Conservation Commission of Western Australavironmental Protection
Authority (EPA) and Water Corporation Board.

Deliverables were to produce a report for commenthle end of April 2008 and a final
report by the end of May 2008.

This report is the final deliverable. The deadhvees extended to enable input to be made
by members of the Wungong Technical Reference G{oR().

2 Review of publicly-stated commitments

2.1 Water Corporation Response to the 2005 Public Revie

In August 2005 the Water Corporation made commitsiemdevelop two stages of Key
Performance Indicators (KPIs).

A. Concurrent with silvicultural practices in each activity area the KPIs are to
target:

water quality and quantity criteria;

safe handling of herbicides;
achievements of retained basal areas;
efficacy of herbicide treatment;

level of damage in retained stems; and

o O~ WDN

efficacy of burn prescriptions.
B  Within 12 months of starting silvicultural work the KPIs are to target:
1 changes in stream invertebrates;
2 soil protection;
3 dieback;
4 changes in indicator fauna species;
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5 changes in understorey; and
6 consultation and communication.

Silvicultural work began in the last quarter of BQ@®/1. Loh pers. comm.)

In December 2007, the following Project Successe@a (PSC) and KPIs were circulated
to the Wungong Technical Reference Group for comniitichael Loh, pers. comm.
2007).

Project Success Criteria.The criteria that will be used to evaluate the allesuccess of
the Wungong Catchment Trial include:

Water: A 20% - 25% increase in runoff following the appedvsilviculture
treatment.

Land: Sustainable uses of the forest remain viable fafigwthe approved
silviculture treatment.

Biodiversity: No adverse impact on ecosystem functions follovtheyapproved
silviculture treatment.

Project KPIs

There were also 12 Key Performance Indicators (KiPdposed to be used to determine
the success of monitoring and research progranstadsd in theWVater Corporation’s
response to submissions from 2005 public revid@Q7 (Water Corporation project
commitments pp 73-74). They are listed in the t@lelew under the categories\Water,
Land and Biodiversity.

Table 1 KPIs grouped according to the three Project Success Criteria (Michael Loh, pers.
comm. December 2007)

WATER LAND BIODIVERSITY
1. water quality and 4. achievement of retained| 9. changes in stream
guantity criteria. basal areas. invertebrates.
2. safe handling of 5. level of damage in 10. changes in indicator fauna
herbicides. retained stems. species.
3. efficacy of herbicide | 6. efficacy of burn 11. changes in understorey
treatment prescriptions.
7. soil protection 12. consultation and
communication.
8. dieback
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Suggested changes

Following discussion of a first draft of this reporthe following changes were
recommended by the Wungong Project Team dhM&y 2008.

Project Success Criterid

The social acceptability and cost effectiveR@$shinning hills catchments to improve
water yields relative to the do nothing differease will be sufficiently well known to
enable a decision to be made whether to contineatiment of the Wungong
Catchment, and to extend it to other catchnfents

A 20% increase in runoff in the Wungong Catchment fahmwthe approved
silvicultural treatment relative to the “do nothirdifferent” case.

Stakeholder acceptarite the forest structure after the approved silvioral
treatment

No significant adverse impact on terrestrial andsineam ecosystem functions
following the approved silvicultural treatment rélee to the “do nothing different”
case.

Impact on ecosystems’ ability to adapt to climatange improved as a result of the
approved silvicultural treatment.

Project KPIs

At this meeting it was also suggested that ther@@Key Performance Indicators (KPIs)
to determine the success of monitoring and reseprograms as stated in tWater
Corporation’s response to submissions from 2005liputeview, 2007. These KPIs
(names only and headings may change when theyeasdaped in detail) are:

1. Stream water quality and quantity
Safe handling of herbicides

Efficacy of herbicide treatment
Achievement of retained basal areas

o bk~ DN

Level of damage in retained stems

* A sixth PSC has been proposed by Jael Johns@ineate Change contributionsAll greenhouse gas
contributions from the project including vehiclel@siassociated with thinning and research, lossvefrall
forest canopy and burning, etc be calculated, uded in all financial assessments of the project @
made publicly available.

® Suggested change to “Community awareness of aostdenefits” instead of “social acceptability and
cost-effectiveness” — Beth Schultz pers. comm.

® An alternative has been proposed by Jael Johnsatdic Opinion: The informed community response
and cost effectiveness of thinning hills catchmemisprove water yields relative to the ‘do nothin
different’ case will be sufficiently well knownedoable a decision to be made whether to contireegitnent
of the Wungong Catchment. It might also providduiskata to assist consideration of whether or not
future projects on catchment thinning in other éaents should proceed

" The earlier PSC had a range (20-25%) which is éuipe so a final figure needs to be decided

8 Suggested change to “Informed stakeholder respdmse Stakeholder acceptance” Beth Schulz pers.
comm.
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Efficacy of burn prescriptions

Soil protection

Growth rates of commercial species and timber gield
Dieback

10.Changes in stream invertebrates

© © N o

11.Changes in indicator fauna species
12.Changes in understorey

13.Changes in overstorey

14.Consultation and communications

15. Social acceptability of catchment thinning
16. Cost effectiveness of catchment thinning

It was suggested to consider a KPI on “forest héalhich may incorporate an element
of its ability to adapt to climate change (resitieh

The effect of forest thinning on stored carbon basn raised as an issue that may need
to be considered. Replacing many smaller trees ¥Yether but larger trees and the
associated root system may or may not increasalbearbon amounts and lability.

2.2 EPA Bulletin 1196

Under s16 of théenvironmental Protection Act 198fie EPA provided the following
main advice and recommendations in regards to tageMCorporation’s project proposal
as described in Water Corporation (March 2605)

1 Information collected from the project should:
a. aim to confirm predicted environmental benefits;
give priority to research projects that address$ogpeal uncertainties;
address concerns and questions raised in the peblaw;
be made readily available;

® a0 o

assist consideration of whether future projectsatchment thinning for water
production should proceed; and

f. contribute to policies and guidelines for catchntamtning in other catchments.

2 The Corporation needs to continue to work with Water Source Protection Branch
in the DoW on:

a. the standard and level of water quality monitorivefore, during and after on-

° The recommendations have been summarised and netinb@ that they can be more easily referenced
against the Wungong research projects. Items I arma summary of Recommendation 3a and b; Item 2
is a summary of Recommendation 3c; Item 3 sumnaRezommendation 3d and Item 4 summarises
Recommendation 3e.
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ground works; and

b. catchment management practices and strategiescialbpdhose in Reservoir
Protection Zones.

3 The project's first project review should be suliedt to the Conservation
Commission in 2008 so that the findings may be ripomated into the Commission’s
mid-term audit report of the Forest Management Rlaith is due at the end of 2008.

4 Consideration is given to testing a range of tmgnoptions in both native regrowth
forests and rehabilitated bauxite mined areas.

2.3 Forest Management Plan 2004 - 2013

The Forest Management Plan 2004 — 2013 (Consenv&mmmission of WA 2004)
includes 33 KPIs, some of which may be used as deimimr KPIs in the Wungong
Catchment as the Conservation Commission needsppooe any forest thinning
operations that are carried out. Not all of the KRlere considered relevant to the
Wungong catchment (eg those related to criticaligamgered species) and others are the
responsibility of agencies such as DEC, Forest lrsdCommission (FPC) and the
Commission itself. Some TRG members believed thatymmore, if not all of the FMP
recommendations are relevant to Wungong but it dexdded that the project should
concentrate on those twelve with most relevance

These KPIs are summarised In Table 2 below:
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Table 2 Summary of KPIs in the Forest Management P
relevance *° to the Wungong Catchment (in approximate decreasin

lan 2004 - 2013 which are of
g order of relevance)

KPI Indicator

Performance Measure

Performance Targe

Reporting / Response

22. Water production

Stream flow in selected fore
streams

xsBtreamflow to be

maintained

DEC and others to identify
reasons for any trend and repad
to CC and the Minister. The
Conservation Commission (CQ
to evaluate the need for revisio
of management practices in
consultation with DEC

=5 ~

20 Percentage of
water bodies with
significant variance
in biodiversity from
historic range of
variability

Diversity of aquatic macro-
invertebrate fauna at a
selected number of
monitoring sites

No sites with fauna
significantly different
from the reference
condition

DEC to investigate cause and
report to CC and Minister. CC
to evaluate the need for revisio
of management practices in
consultation with DEC

>

12 The achievement
of early thinning
schedules that
underpin future

Achieve thinning versus that
prescribed in silviculture
schedules

All stands thinned at
the prescribed stand
development stage

Two yearly reporting. FPC and
CC to investigate the cause an
report to CC. The CC to
evaluate the need to revise

yields management practices
28 Adaptive The number and topic of Within 5 years trials DEC to report to CC and the
Management formal adaptive management will have been held Minister for the Environment

trials (Stream zones in
informal reserves;
improvements to silviculture

into at least two
separate issues detaile
in the plan’s action

d

and fire management statement
practices)
31 Development of | Expenditure on R&D related | None Annually the CC to review the

scientific
understanding of
ecosystem
characteristics and
functions

to ecologically sustainable
forest management. Person
years of research. Number of
peer review articles publisheg
on ecologically sustainable
forest management

scientific effort in forests in
relation to total DEC effort and
discuss priorities with DEC

21 The level of sail
damage resulting
from timber
harvesting

Soil damage by risk category
as measured by survey

Soil damage not to
exceed prescribed
maximum levels

DEC to investigate the cause
and report to the CC and the

Minister for Environment. CC
to evaluate the need to revise
management practices

26 Number, range
and use of recreation
tourism activities
available by
proposed land

category in plan area

The number of visits to

selected recreational areas.
The satisfaction that visitors
express with their experience

Visitor satisfaction
maintained at high
levels

Annually. DEC to investigate
cause and report to CC and
Minister for Environment. CC
to evaluate the need to revise
management practices in

consultation with DEC

19 Other FMP KPIs that may be considered includére2status of (critically endangered, endangered,
vulnerable, conservation dependent) forest-dwelipgcies and ecological communities as determigied b
listing); 3 (the status of selected threatenedooiservation dependent) species that are the sudfject
management actions to protect them); 7 (the remmiviabn-sawlog timber); 11 (forecast strategic t&mb
yield versus actual timber yield); 17 (the sevestigtus of weeds and pests as determined by sivigject
survey); and 24 (consultation and involvement obAdiinal people in forest management)
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KPI Indicator Performance Measure Performance Targe Reporting / Response
18 The effectiveness| The number of sampled areas No uninfested Every 5 years. DEC to
of dieback hygiene | uninfested byPhytophthora protectable areas to investigate cause and report ta

cinnamomithat remain
uninfested following an
operation with an approved
hygiene management plan

become infested as a
result of management
actions

CC and Minister for
Environment. CC to evaluate
the need to revise managemer
practices in consultation with
DEC

19 The annual flow
weighted mean
salinity and the trend
for streams in fully
forested catchments

Annual flow weighted mean
salinity and the trend for
streams in fully forested
catchments

Salinity trends to be
neutral

Every 5 years (DoW). DEC to
investigate cause and report tq
the CC and Minister for
Environment. The Commission
to evaluate the need to revise
management practices in
consultation with DEC

5 Annual removal of
wood products
compared to the
sustained yield
determined by the
plan

Cumulative removals of
jarrah first and second grade
logs compared to average
annual sustainable yield;
annual removal of jarrah
sawlogs below first and
second grade; annual removs
of all logs

alspecies (see plan for

No more than 10%
average annual yield o
first and second grade
logs to be removed in
any one year

Volumes set for each

details)

FPC to advise CC how it will

f manage removals to be under
the end of plan target. CC to
evaluate the need to revise
harvesting levels in consultatio
with DEC.

10 Effectiveness of
regeneration of
native forest and

Proportion of sampled annua

regeneration release program the area regenerated
j requiring remedial

that doesn’t meet the stockin

No more than 5% of

Annually. FPC to notify DEC
how it will rectify the shortfall.
DEC to determine the need to

plantation standard action revise management practices i
consultation with CC
33 Operational The extent to which guidance All guidance DEC to investigate the cause

control

documents have been
prepared / reviewed and
management modified to
improve ecologically
sustainable forest

management

documents to be
prepared / reviewed by
mid term (2009)

and report to CC and the
Minister of the Environment.
CC to evaluate the need to
revise management practices i
consultation with DEC

3 Criteria used for reviewing the Research and Monitang Program

It is most important that the Research and Devetyjnprojects meet the Wungong
thinning project KPIs as reported in Water CorporatAugust 2005) as it is assumed
that these were developed in response to the adwviderecommendations within EPA
Bulletin 1196 and overall constraints and jointemssnent opportunities contained within
the Forest Management Plan 2004-2013.

As the project has developed a lot has been Isarog its initiation and care will need to
be taken not to focus too closely on earlier docuateon such that work essential to
meeting the project’s overall objective is not tarout. For time-dependent data it is
better to collect some that may subsequently pn@i¢o be needed

As at February 2008 the project KPIs are just heggdso there remains scope to ensure
that they do meet these earlier commitments.
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For reporting purposes the projects have beenssstagainst the:
16 project KPIs (P1, P2, etc);
EPA Advise and recommendations (1a, 1b.., 2a, @b atd
Forest Management Plan KPIs (F1, F2, etc).

The assessment will use the notation shown above.

The notation may be useful in reports to the EPA @wonservation Commission of
Western Australia.

After the project-by-project assessment, gaps gmpbrunities for further work are
considered (Section 5) and integration betweereptsjis considered (Section 6).

4 Brief assessment of each research / monitoring pregt

The 20 research projects are reviewed in the aldewn in Appendix 1 (Bishnu Devkota
pers. comm.). The first seven projects have a whtene, the next five a land theme, and
the last eight, a biodiversity theme, although manyjects have aspects of all themes
within them. The review was based on the inforrmapoovided and some analyses were
restricted by limited or out-of-date data.

1 Project Title: Hydrographic measurements

Project Researcher(s): Kelvin Baldock (Hydro-SMART); Department of Water,
hydrographic team Welshpool (Kim Richardson, Gl8mggens) Keith Barrett

Objectives: To monitor and report on rainfall, streamflow andter quality in the
Wungong (thinning), Mundaring (January 2005 wildfirand nearby control or
comparison catchments.

Methods:

Use hydrologic information being collected in thegion by the Department of Water,
Alcoa and Bureau of Meteorology and enhance theitoramy network as necessary to
ensure the needs of this project are covered.

Maintain and operate gauged catchments monitoaimgail, streamflow and water
quality at:

1. Mundaring Catchment — Little Darkin, Hairpin BerRickering Brook, Slavery
Lane;

2. Wungong Catchment — Cobiac, Vardi Road, ChandledRo

3. Canning River Catchment (comparison) — 31 Mile Brd@anning River at Glen
Eagle and Millar's Road

4. Serpentine Catchment - 39 Mile Brook Jack Rockspaict of more frequent
prescribed burning without thinning; and

5. North Dandalup, North Road - long record in thaa@ador comparison with
Wungong.
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For each gauged catchment a reliable streamflowrdes obtained by continuously
recording the water level at a control structure aeveloping a relationship between
water level and flow.

Four catchment rainfall pluviometers have beenbésteed and are operating at the
Hairpin Bend, Slavery Lane, Cobiac and Jack Rotleas gauging sites and at Mt Dale
(Mundaring), Hakea and Eagle Hill, adjacent to Wamgy and Millar's Road, Metro
Road and Omeo Road (in the Canning Catchment), ltHétaad in 39 Mile Brook
catchment and Rampe in the North Dandalup catchniémee pluviometers funded by
Alcoa for Bauxite research at Gardens, More Sel&aen and Waterfall Gully are within
the Wungong Catchment.

For evaporation, an automated Class A evaporimgitr recorder is currently being
installed near the boundary of the Wungong and 8& Brook catchments.

Maintain and operate six automatic pumping samméndairpin Bend, Vardi Road (2),
Chandler Road and Cobiac (2). The automatic pumgiagplers may be relocated
depending on the results obtained and new needsfidd as the project proceeds

To assist in identifying changes in groundwatemflfollowing silvicultural treatment,
continuous conductivity monitoring has been addetha Cobiac and 31 Mile Brook
gauging stations.

Manual sampling and in-situ observations of temijpeea pH and electrical conductivity
are made at all sites.

Validation, processing and management are alsortake® of all data collected. Hydstra
is the software that will primarily be used.

Results / status:

The hydrographic data have already been used tgsanaends in streamflows and the
effect of the Mundaring Catchment fire on streamficand water quality (Barrett 2007).
There has also been an Honours thesis that hasthsethta, and analyses have been
made by Frank Batini and other researchers.

Steamflow and rainfall records are available fawing on the Department of Water web
page as monthly data at;

http://kumina.water.wa.gov.au/waterinformation/wiedardata.cfm

Daily and more detailed data can be requested frmrDepartment of Water (see Web
page for instructions).

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI 1 (streater quality and quantity), 7 (soil
protection) and 14 (social acceptability and céfgtotiveness of catchment thinning). It

is also important for KPI 10 (change in stream itefarates) in that it provides overall
information on the stream habitat under differeatthment practices and climate change.

Relationship with EPA Bulletin 1196
The project is essential for assessing advice acdmmmendations la (confirm predicted
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environmental benefits), 1c (address issues raisdtie public review), 1d (be made
publicly available) 1le (enable an assessment afrédutatchment thinning), 2a (DOW
standards of water quality monitoring, and catchmemanagement practices and
strategies) and 4 (testing a range of thinningomgtiin native forest and bauxite mined
areas).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 22 (water producti@®),(adaptive management) and 19
(stream salinity trends)

Hydrographic activity for the Wungong Project isrgecarried out by Hydro-SMART
and Department of Water staff based at Welshpool.

Other hydrological measurements are made in theheents funded by the Department
of Water and Alcoa.

Overall assessment

The project provides essential data that underpuchmof the other work in the
catchments. Measurements from the Mundaring, Canni®erpentine and North
Dandalup Catchments allow the Wungong streamflaulite to be compared and placed
in context. Other measurements in Darling Rangel®a¢nts, particular work supported
by Alcoa, will also be of value in interpreting thesults of forest thinning.

2 Project Title: Hydrological analysis and modelling

Project Researcher(s): Dr. Bishnu Devkota (Water Corporation) and Dr. Mohammad
Bari (Department of Water)

Objectives:
To analyse streamflow data and to validate the IQCKJI model for hydrological simulation.

Methods:

Application of the Land Use Change Integrated Qataft (LUCICAT) model for long
term hydrological simulation and improved underdtag of the hydrologic impacts
(particularly changes in streamflow and salinitgused by thinning. The model will also
be used to extend the result to other selected IW&8r supply catchments.

The LUCICAT model was developed by Dr Mohammad EBoW). It comprises three
main modules —LUCICAT_Geopro (satellite, DEM, soismd photographic data);
LUCICAT_Rain (response units, rain and ET) and LOEBT_Main (observed
streamflow and salinity data). As such it has tbeeptial to share data with other research
projects (eg 1, 4, 7 and 20). This model has ayrdaeen applied to Collie, Warren,
Denmark and Stirling Catchments.

The model subdivides catchments into a number gfiarese units and the hydrologic
responses of each unit can be examined. The madsllLeaf Area Index (LAI) as input

data that relates to impacts causes by thinninglamdiuse changes. The groundwater
component in the model is conceptual only. The athge of this model is that it can

handle both land-use and climate change impact# @ad simulate catchment hydrology
over the long term.
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Results / status:

The initial calibration and validation of the modgling the observed rainfall and constant
LAI data has given encouraging results. The modétation using the updated rainfall
and LAI data and addition of more response unitpragressing to validate the model
against the measured stream flow, salinity and ripasater levels.

Relationship with the (new, proposed) Project KPIs:
The project is essential for assessing KPI 1 (streater quality and quantity) and 14
(social acceptability and cost effectiveness oflwaent thinning).

Relationship with EPA Bulletin 1196

The project is important for assessing advice @esdmmendations la (confirm predicted
environmental benefits), 1c (address issues raisdtie public review), 1d (be made
publically available), 1e (enable an assessmentutfre catchment thinning) and 4
(testing a range of thinning options in native &trand bauxite mined areas).

Relationship with Forest Management Plan 2004 — 231
The project helps meet KPIs 22 (water producti@8),(adaptive management) and 19
(stream salinity trends).

Overall assessment

The project has strong links with Project 7 (Vegetadynamics and hydrology) and
needs to have links with project 3 (Hydrologicabgesses) especially to understand the
hydrological processes in bauxite mining pits vitithe Wungong.

3 Project Title: Hydrological processes
Project Researcher(s): Amanda ReedAlcoa)
Objectives:

To collect field data and to validate WEC-C modwl fredicting of interflow in bauxite
mining pits. It will provide an improved understamgl of the impacts of bauxite mining
and rehabilitation on runoff generation.

Methods:

Application of the WEC-C model to better understasub-surface runoff generation
processes in bauxite mining pits. The work is ledatutside the Wungong Catchment but
still relevant.

Results / status:

Bauxite mining rehabilitation impacts on 19% oflsan the Wungong Catchment and has
been implicated in reducing streamflow because @fsd vegetation in rehabilitation

areas, bunding to reduce the possible spread badkeand the removal of the lateritic

caprock that may assist in interflow mechanisms.

Relationship with the (new, proposed) Project KPIs:

The project is important for assessing KPI 1 (stre@ater quality and quantity) as it will
elucidate processes in rehabilitated mined areas.

Page 16 of 47



Relationship with EPA Bulletin 1196:

The project is important for assessing advice ambmmendation 4 (testing a range of
thinning options in native forest and bauxite miaeeas) as it concentrates on the 19% of
the catchment that has been mined.

Relationship with Forest Management Plan 2004 — 231
The project helps meet KPIs 22 (water production).
Overall assessment

It is hard to assess this project without any detait if it can elucidate the important
hydrological processes that occur in the 19% ofcdtehment that has been mined then
this will be important. How these areas will respai@ catchment thinning is being
addressed by Alcoa’s thin/burn research within Warren and Bennett's research
catchments (Amanda Reed, pers. comm.).

4 Project Title: Groundwater monitoring and analysis

Project Researcher(s)Dr. Bishnu DevkotgWater Corporation) anND Mining
Services (contractor)

Objectives:

To measure seasonal groundwater levels and antdigsigends to better understand the
impacts of a drying climate and land-use chandesr{ing and forest structure) on levels.

Methods:
Field measurements of groundwater levels are takea every three months.

Alcoa has installed approx 180 bores in Wungongb{&) and has monitored monthly
groundwater levels from 1992 to 1998 and some t062(Bince late 2006, Water
Corporation commissioned N.D Mining services totoare monitoring the levels on a
seasonal basis.

This project will analyse the data to see the tsead spatial and temporal variation of
groundwater levels. Alcoa has calibrated the WEG@walel for the Cobiac Catchment.
This groundwater level monitoring data will be used calibrate the WEC-C and

LUCICAT models.

Results / status:

Analyses have shown that groundwater level in Gobiave declined by an average of
4m over the last 10 years. The near-stream grouredwevels have fallen by up to 2 m
and the upslope levels has fallen by up to 6 m kbgy 2008). As 2007 was a relatively
wet year, the rate of fall in groundwater levels dacreased.

Relationship with the (new, proposed) Project KPIs:
The project is essential for assessing KPI 1 (streeater quality and quantity), 15
(informed community response) and 16 (cost effect@ss of catchment thinning).
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Relationship with EPA Bulletin 1196

The project is important for assessing advice awdmmendations 1d (be made publicly
available) and le (enable an assessment of fuatohiroent thinning) and 4 (testing a
range of thinning options in native regrowth fosesind rehabilitated bauxite mined
areas).

Relationship with Forest Management Plan 2004 — 231
The project helps meet KPIs 22 (water productiom) 89 (stream salinity trends).

Overall assessment

Given the importance of groundwater in determimaigfall - runoff responses these data
are crucial to understanding the likelihood of thimg being effective and will also
provide data for a number of the other projectsZeg and 20). More monitoring may be
required to assess the impacts of non-commerdratitig, FORESTCHECK sites where the
watertable is close to the ground surface andgtesssthe impact of treatments on buffers
(eg if the additional water generated by thinnieguits in increased buffer vegetation
growth and a subsequent loss of water yield).

5 Project Title: Prescribed fire and stream quantity and quality
Project Researcher(s): Rick Sneeuwjagt, DEC
Objectives:

To evaluate the effect of frequent prescribed mgmin stream water quantity and
quality.

Methods:

Apply 4 to 6 yearly prescribed burning in the 39éviBrook Catchment (5,500 ha gauged
at Jack Rocks) which is part of the Serpentine i@atmt and monitor the resultant
streamflow, water quality and some ecology. Thguency of burning is about twice that
of normal practice and the trial may take 20 ydargield the required results. Earlier
work in a wetter jarrah-marri catchment has showr28% increase in runoff for two
years after each burn.

Gauging station and two pluviometers were re-eistiagdl in 2006 after a gap of 8 years.
Stream fauna monitoring is being done in the redigrDr Andrew Storey (UWA) and
guokka monitoring is being undertaken at FrolletaByw. Burn and fuel load statistics
will also be collected.

Results / status:
Draft agreement prepared in August 2007.
Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI1 6 (Béfycof burn prescriptions) and is
important for KP1 10 (Change in stream invertelsate

Relationship with EPA Bulletin 1196

The project is important for assessing advice @sdmmendations la (confirm predicted
environmental benefits), 1c (address issues raisétk public review), and 1d (be made
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publicly available — data will be stored on the Bement of Water's WIN database) and
le (assist consideration of whether future projemtscatchment thinning for water
production should proceed).

Relationship with Forest Management Plan 2004 — 261

The project helps meet KPIs 22 (water productiorg 28 (adaptive management) with
the latter requiring formal adaptive managemenaldrion improvements to fire
management practices.

Overall assessment

This project will help answer the questions of vieetclimate change impacts on runoff
can be partly offset by increased fire frequencagg] whether some of the reduction in
streamflows in recent years has been the resuthahged fire management practices.
However, determining the combined impacts of “wguesscription” forest thinning and
increased fire frequency on runoff and ecology wilt be able to be precisely estimated,
or the management implications of increased burmhghese thinned forests, unless
some of these trials are in thinned catchments.fatest will receive the standard pre-fire
monitoring carried out by DEC (eg quokka habitai) fvhich there is an operations
checklist.

The project may need to also look at the effecburining on groundwater levels to be
able to better understand runoff mechanisms (etewptofile versus an increase in soll
water repellence) if realistic control sites cands¢ablished. Concerns have been raised
by some TRG members about:

public acceptance, the apparent lack of a conted and its links to the thinning trial
(Jan Starr).

There are other Project KPIs that are relevantety ¥requent prescribed burning: 7
Soil protection; 9 Phytophthora dieback and otheathpgens; 12 Changes in
understorey; 13 Changes in overstorey; and 14 Qatismm and communication
(Beth Schultz pers. comm.).

™ According to Beth Schulz (pers. comm.) the projscalso relevant to FMP KPIs: 2 (the status of
(critically endangered, endangered, vulnerable,sepmtion dependent) forest-dwelling species and
ecological communities adetermined by listing); 3 (the status of seledfeetatened or conservation
dependent) species that are the subject of managesmstons to protect them); 9 (time to regenerate
harvested areas); 10 (effectiveness of regeneraifonative forest and plantations); 16 (the risk to
conservation, life, property and other forest valpesed by wildfire); 17 (the severity status ofde and
pests as determined by subjective survey); 18 didffeness of dieback hygiene); 19 (the annual plow
weighted mean salinity and the trend for streamfully forested catchments); 20 (percentage of wate
bodies with significant variance in biodiversityofin historic range of variability); 21 (the level sbil
damage resulting from timber harvesting); 26 (numbange and use of recreation/ tourism activities
available by proposed land category in plan arg){d&velopment of scientific understanding of estsmy
characteristics and functions). The current stmectif the project doesn’t address many of thesgegss
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6 Project Title: Monitoring the effects of wildfire on water, vegeta and
biodiversity

Project Researcher(s): Frank Batini (forester) and Keith Barrett (hydralst)y
Objectives:

To monitor streamflow, water quality and vegetatiorliittle Darkin Catchment (burnt)
in comparison with the adjacent Pickering Brookd@atent (unburnt)

Methods:

The project monitors the hydrological and vegetatigsponses to an intense wildfire in
the Little Darkin Catchment in January 2005. Stregauges were recommissioned
following the fire and recorded rainfall, runoffdamvater quality. Monitoring is expected
to continue for 5 to 8 years.

Results / status:

Very large quantities of soil, silt and ash werpamted within stream beds and pools in
2005 but soils were stable by 2006. Water yieldsevadout 2.2 times expected amounts
(when compared with Pickering Brook flows) in 20@hd 2006 (an exceptionally dry
year with little runoff). In 2007 the increase wasly 40% and runoff is expected to
become less than the “no wildfire” state within tiext couple of years (due to regrowth).
Many habitat trees were killed and others were dgtdaThe terrestrial ecosystem is
more simplistic and less diverse. More detailslmamfound in Jackson (2006).

Relationship with the (new, proposed) Project KPIs:

The project will provide useful information for assing KPI 6 (efficacy of burn
prescriptions) and assist with catchment modellofgthe impacts of wildfires on
hydrology and forest structure if this is a futask in thinned catchments.

Relationship with EPA Bulletin 1196

The project is not related to thinned catchmentstharefore there has limited connection
with the bulletin.

Relationship with Forest Management Plan 2004 — 231
The project helps meet KPIs 22 (water production).
Overall assessment

This project will help assess the long term impaétwildfire on stream yields in a drying

climate. It is illustrative that the complete rembwf vegetative cover resulted in just a
2.2 fold increase in water yield compared with Hyfwegetated state. This reflects the
lower groundwater levels in recent years and tlability to develop a wetted area near
the streamlines to yield water. Reducing LAls tlylodorest thinning is another way to
reduce evapotranspiration rates but this eventphagided a measure of the impact of
complete removal over the entire catchment. It rti@srefore be useful for model

calibrations (Projects 2 and 7).
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7

Project Title: Vegetation dynamics and water yield under changimgate and

management
Project Researcher(s): Dr Richard Silberstein, Dr Eddy Campbell (CSIRO)
Objectives:

a.

f.

Derive broad-scale relationships between streamftiwwate and vegetation change,
using multi-variate statistical analyses on tempagexjuences of Landsat- derived
vegetation indices, catchment digital elevation aiedlong-term climate and stream
flow records.

Measure the relationship between water balancedansity and structure of managed
jarrah forest stands, undertaken in two climatesgon

Develop or adapt a predictive model coupling foresticture and water yield in
response to climate and management (fire and thggniand test it on hillslope,
catchment and regional datasets.

Forecast the water yield and forest structure tcsed catchments under a range of
future climate and forest management scenarios.

Encapsulate the learning in the Final Report thatlwe updated as better information
becomes available in future.

Scope a whole of system catchment modeling framleveorater development.

Methods:

1.

3.
4.

Assemble spatial and temporal datasets for forestedhments and seek statistically
sound relationships between catchment propertigsliton and response

Select three Experimental Catchments, based onalysss of gauging and

experimental history and continuity of record
Control — a catchment where no logging or forestrtimg has occurred for
more than 10 years prior to the commencement gbtbject, and is not
undertaken during the course of the project (B&ashment)
Previously Thinned — a catchment treated with loggir thinning at least five
years prior to the project commencement (Cobiacl@agnt within
Wungong)
Treated — a catchment that will be treated (byrodiet! thinning) in year 2 of
the project, and whose previous history is sintibathe control catchment (31
Mile Brook Catchment)

Select appropriate techniques for experimentalgtesind purchase instruments

Instrument catchments and establish monitoring $deforest structure and density
measurements, groundwater and stream flow and shgrmmonitoring.

Results / status:

The Premier's Water Foundation and partners haeepaed the project proposal and a
detailed plan is being developed. Drilling has bearried out in the Cobiac Catchment.
Permission to thin the 31 Mile Brook Catchment waanted by the Conservation

Commission in March 2008 subject to ecological raimg.
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Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI 1 (streeater quality and quantity), 12
(changes in understorey) and 15 (social acceptgbidind 15 (cost effectiveness of
catchment thinning). This project could establishmadel that would enable other
manipulation options to be simulated in Wungongd do extend results to other
catchments.

Relationship with EPA Bulletin 1196

The project is essential for assessing advice asdmmendations la aim to confirm
predicted environmental benefits), 1b (give prioridb research projects that address
ecological uncertainties),1c (address issues raisettie public review), 1d (be made
publicly available), 1e (enable an assessmenttafducatchment thinning) and 4 (testing
a range of thinning options in native regrowth &rand rehabilitated bauxite mined
areas).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 22 (water productidg, (adaptive management), 31
(development of scientific understanding of ecamystharacteristics and functions), 33
(operational control) and 19 (stream salinity tr€nd

Overall assessment

This project will establish a model that would eleabther manipulation options to be
simulated in Wungong, and to extend results torotiaéchments. A major limitation is
that the PWF funding needs to be expended by Judy 2vhich will not enable the full
impacts of thinning the 31 Mile Brook Catchmentifrdeing evaluated unless monitoring
continues after this data (assuming that the Cgatien Commission of WA approve this
treatment).

8 Project Title: Remote sensing to monitor changes in forested cednts

Project Researcher(s): Frank Batini, Consultant),Mike Canci, Water Corporation;
Andrew Malcolm and Frank HoneySpecTerra

Objectives:

Monitor changes in vegetation structure and hesdth result of catchment operations and
compare field-based estimates of crown cover itis¢ derived from the imagery.

Methods:

Initial baseline (spring 2005) capture of the entivungong catchment has been followed
by annual acquisition of digital multi-spectral I¢&nd) imagery (Digital Multi Spectral
Video or DMSI) at a spatial resolution is 0.5m ownall selected sub-areas of the
catchment. SpecTerra delivers ortho-rectified iemggalong with processed change
detection products.

Results / status:

High level of correlation between the crown covetireates. Field verification confirmed
change in vegetation health as indicated by corsparmf multi-date imagery.
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Relationship with the (new, proposed) Project KPIs:
The project is relevant to Project KPIs 3 (efficaoy herbicide treatments); 4
(achievement of retained basal areas); 6 (efficddyurn prescriptions); 9 (dieback); 12
(changes in understorey); and 13 (changes in @resgt

Relationship with EPA Bulletin 1196

The project is important for assessing advice ambmmendationga (aim to confirm
predicted environmental benefits); 1b (give priorib research projects that address
ecological uncertainties),c (address concerns and questions raised in thie paview);

1d (be made readily available); le (assist conatoter of whether future projects on
catchment thinning for water production should pext); and 1f (contribute to policies
and guidelines for catchment thinning in other katents).

Relationship with Forest Management Plan 2004 — 231

The project helps meet FMP KPIs: 6 (area of focestannually); 9 (time to regenerate
harvested areas); 10 (effectiveness of regeneratiarative forest and plantations); 12
(the achievement of early thinning schedules thaderpin future yields); 18
(effectiveness of dieback hygiene); 21 (the leviebail damage resulting from timber
harvesting); and 31 (development of scientific ustdnding of ecosystem characteristics
and functions).

Overall assessment

Digital aerial photography is also being capturédmngong with a spatial resolution of
0.3m (red-blue-green-infrared) and 0.1m (black aite) as part of the Urban Monitor
consortium. Images have been collected in autud®7 2nd autumn 2008.

Significant processing is required by the data jgtens before the information is suitable
for analysis. As at July 2008 this processingr@seen completed.

Hyper-spectral data (2.4m pixel) have also beerecidd in part of the Wungong
Catchment and compared with the SpecTerra DMSW{(pkel) by Dr lan Lau (2008).
The draft report is inconclusive on their appliddpibut it is likely that the images are
not of sufficient quality to be of use (swaths gtthan overlapping vertical images; low
sun angles).

In summary the SpecTerra data have been showrotedprquality information that can
be used to monitor both the effectiveness of thehcaent operations along with change
in vegetation health and structure. SpecTerraigesvfast mobilisation of equipment and
quick turn-around in delivery of data products.

Dr Peter Hick has developed a biodiversity decisaopport system for the Peel Harvey
Catchment Councilwww.peel-harvey.org.guased on collaboration with Land Monitor
(Jan Starr pers. comm.).
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9 Project Title: Leaf Area Index (LAI)

Project Researcher(s): Dr. Bishnu Devkota (Water Corporation) and Geoff Mauger
(Consultant)

Objectives:

To analyse Landsat data to map annual changes limt.A result of catchment thinning,
dieback and vegetation stress.

Methods:

Application of GIS methods will be used to examgpatial and temporal variations in
LAl in the catchment. Excel will be used to caltel the LAI of each response units and
gauged catchments. Correlation analyses will aseglationships between LAl data,
runoff and groundwater levels.

Results / status:

A spatial LAl variation map of Wungong has beenaleped using LAI data from 2005.
It was found that the rehab area had higher LAueslthan other areas. It is also found
that the higher the LAI, the less the runoff caséint (Devkota, 2008). Vardi Road,
which encompasses 80% of the Wungong catchment laaelathe highest LAl value of
2.2 and the smallest runoff coefficient.

Relationship with the (new, proposed) Project KPIs:

This project supports other projects by mappingdhanges in vegetation. The project
may provide some insights help to explain KPI 1Bafges in understorey) and 13
(changes in overstorey).

Relationship with EPA Bulletin 1196

The project can provide essential information fer (Enable an assessment of future
catchment thinning) and 4 (testing a range of tinipoptions in native forest and bauxite
mined areas).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPI 31 ((development ofrgdie understanding of ecosystem
characteristics and functions).

Overall assessment

This will provide knowledge on the temporal andtsdavariation of LAl and is an input
data set to LUCICAT modelling and may help expletvanges in groundwater levels and
streamflows.
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10 Project Title: The impact of forest thinning techniques on perioggtof
recreational value and ecosystem health

Project Researcher(s):Jo Ann Beckwith (Beckwith Environmental Planning Ptd)
and Susan Moore (Murdoch University)

Objectives:

What is the impact of the different forest thinniterhniques tested in the Wungong
Catchment on perceptions of (a) recreation valuke(Bpecosystem health ?

Do social values and affiliations affect peoplecseptance of tree thinning options ?

What is the relationship between scenic beautymardeptions of ecosystem health
and management ?

What is the relationship between perceptions ofha#is value and satisfaction with
nature-based recreational activities ?

What impact does providing information and the emugnces of the thinning
technigues have on the acceptability of the optidns

Methods:

Photo simulations of forests after 1, 5, 25, 50 @dgears of five thinning treatments will
be shown to three target populations — off-roadistg; bushwalkers and forest managers.

Their perceptions of the recreational value andystem health of each treatment will be
recorded and analysed.

Results / status:

A detailed proposal has been developed (March 2808)h is based on an initial July /
November 2006 proposal.

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing 15 (Socie@ability) and 16 (cost effectiveness
of catchment thinning) and important for KPl 14 (Saltation and communication)
because it will help establishment how differemefi users view the altered forest.

Relationship with EPA Bulletin 1196

The project is essential for assessing advice asdmmendations 1c (address issues
raised in the public review), 1d (be made publ@aWailable), 1e (assist consideration of
future projects on catchment thinning), 1f (conité to policies and guidelines for
catchment thinning in other catchments and 4 (tgsé range of thinning options in
native regrowth forest and rehabilitated bauxiteediareas).

Relationship with Forest Management Plan 2004 — 231
The project helps meet KPIs 26 (recreation / tonagtivities).
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Overall assessment

This is the only social science study and as stghovides essential information as to
public perceptions and ultimate response to fat@shing. It is possible that the public

will like the end result but show some antipathyttie interim stages. It has been noted
that the impact of the treatments may not be appdoe hundreds of years (Beth Schulz
pers. comm.).

Keith Barrett (pers. comm. 2008) has raised an napb perspective in that any antipathy
may be offset were the public also to be asked taheir preference to streams that were
dry (unthinned) or flowing (thinned) assuming th@hning will help return streams more
like their previous wet condition. This limitatioreeds to be mentioned when results are
discussed if it is not feasible to include siméasessments.

11 Project Title: Demonstration / Information sites
Project Researcher(s): Marg Wilke, Frank Batini an&ichard Boykett, DEC, Bentley

Objectives: To establish demonstration / information areasaitive regrowth forest and
in a post 1998 rehabilitation bauxite mine pit @@arrahdale Road to provide accessible
examples of thinned forest types.

Methods:

Establish a forest site of eight plots each attl&aka (native forest) and another eight
plots each at least 0.5 ha (mine rehabilitatiohipiaiccessible sites along Jarrahdale Road
to act as demonstration / information sites of aasi treatment options for the larger
catchment.

Results / status:
The plots have been established.

Relationship with the (new, proposed) Project KPIs:

The project is essential for KPI 14 (Consultationd @ommunication) and important for
assessing KPI 15 (Social acceptability) and 16t(efiectiveness of catchment thinning)
because it will help establishment how differeme&t users view the altered forest.

Relationship with EPA Bulletin 1196:

The project is essential for assessing advice andmmmendation numbers 1c (address
concerns and questions raised in the public reviéd)(be made readily available), 1e
(assist consideration of whether future projects @aichment thinning for water
production should proceed), and 1f (contribute eticges and guidelines for catchment
thinning in other catchments).

Relationship with Forest Management Plan 2004 — 231
The project helps meet KPIs 26 (recreation / toniagtivities).

Overall assessment
Such demonstration sites may be effective in iringacommunity understanding of the
concept as people become familiar with the varfousst forms.

Page 26 of 47



12 Project Title: Sapflow measurements to answer tree water useigpgst

Project Researcher(s): Richard Silberstein, Craig Macfarlane and Don WHZ8IRO,
Floreat

Objectives:
To determine whether:

stands of large, old jarrah trees transpire lessytbunger stands containing smaller
trees, and quantify the differences; and

transpiration by other species, including marri &ull Banksia is a significant
component of the stand water balance in regrowthhaorest. Currently not funded
but strong interest in these measurements hasexgeassed by partners.

Methods:

The work will involve sapflow measurements of seddgarrah, marri and Banksia trees
as well as water potential measurements using Bygmometers. It will supplement other
stand and catchment scale measurements made imReEt 7.

Results / status:

Details of the work on old jarrah trees are stiltlar discussion. A decision needs to be
made as to whether the additional measurementgatbwhile.

Relationship with the (new, proposed) Project KPIs:

The project is important for assessing KPI 1 (stremater quality and quantity), 12
(changes in understorey), 15 (social acceptabidihg 16 (cost effectiveness of catchment
thinning).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice aodnmmendations 1la (confirm predicted
environmental benefits), 1d (be made publicly aldé) and 1e (enable an assessment of
future catchment thinning).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 22 (water productidg, (adaptive management), 31
(development of scientific understanding of ecomystharacteristics and functions) and
33 (operational control).

Overall assessment:

This work will provide direct measurements of teduction in transpiration on old jarrah
trees that have been inferred from streamflow nreasents, in addition to assessing the
relative importance of other forest species. Sgespecific measurements are required to
understand what each forest species contributdsetoverall water balance components.
She-oak should be included in the measurementsdingdo Jan Starr (pers. comm.)
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13 Project Title: Vegetation monitoring program
Project Researcher(s): Libby Mattiske,Mattiske Consulting Pty Ltd
Objectives:

To establish a vegetation monitoring program to suea the effect of the proposed
thinning trials on the botanical biodiversity vadua the catchment.

Methods:

Stage 1A Transects across the creeklings monitor the indirect impacts of logging in
the sub-catchments in the botanical biodiversityea

Stage 1B Plots and quadrats in Stage 1 logging rege to monitor the indirect impacts
of logging in the sub-catchments in the botanicadliversity value

Stage 1C Design longer-term monitoring program 20060 2015 for assessing the
potential impacts of the proposed thinning of timelerstorey species in the Wungong
Catchment.

Results / status:

Baseline monitoring for four flora transects arx giots overlapping with fauna plots is
completed. A draft report has been received.

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI 12 (gasnn understorey) and important for
assessing KPI1 5 (level of damage in retained stebasfsocial acceptability) and 16 (cost
effectiveness of catchment thinning). It is alsevant to Project KPIs 5 (dieback) and 15
(changes in overstorey).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice aodmmendations 1la (confirm predicted
environmental benefits), 1c (address concerns aegtmpns raised in the public review),
1d (be made publicly available), 1e (enable anssssent of future catchment thinning),
1f (contribute to policies and guidelines for cabemt thinning) and 2b (catchment
management practices and strategies, especiaig ihdReservoir Protection Zones).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 31 (development ofngifie understanding of ecosystem
characteristics and functions), 33 (operationaltr@d) 10 (effectiveness of regeneration
of native forest and plantations) and 28 (adaptmamagement). It is also relevant to FMP
KPIs 2 (the status of (critically endangered, emgaed, vulnerable, conservation
dependent) forest-dwelling species and ecologalmunities as determined by listing);

3 (the status of selected threatened or conservdapendent) species that are the subject
of management actions to protect them); 9 (timerdgenerate harvested areas); 10
(effectiveness of regeneration of native forest plashtations); 17 (the severity status of
weeds and pests as determined by subjective suraag)l8 (effectiveness of dieback
hygiene).
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Overall assessment

This project will provide essential data for a nenbf KPIs and help meet the reporting
requirements. It builds on extensive monitoringrrother catchments and therefore the
relatively modest budget will be well worthwhile g results will be able to be put into

a wide context. If the BRESTCHECK work is reduced or omitted altogether then this
monitoring may need to be expanded.

14 Project Title: Fauna monitoring plots and fauna monitoring program
Project Researcher(s): Dave Kabay — Kabay Consultants Pty Ltd
Objectives:

To establish an additional six fauna monitoringtplon the Wungong Catchment (to
complement the Alcoa World Alumina plots) and coetdiauna monitoring programs at
these plots so as to assess the effect of thirprangiices on defined fauna.

Methods:
Two plots will be established each in:

Non-commercial thinning area;
Commercial logging followed by non-commercial thimm (higher impact); and
Control plots in the SE (proposed National Park).

Fauna monitoring will be carried out at establishtvend at four yearly intervals — ie in
years 1,5 and 9

Results / status:

Early design and data are reported in Kabay (202@@7b). It is too early to define any
trends in the data. Spring and summer measurenagktsthe final report on baseline
monitoring have been completed.

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI 11 (gearin indicator fauna species) and
important for assessing KPI 15 (social acceptabiland 16 (cost effectiveness of
catchment thinning).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice acdmmmendations la (confirm predicted
environmental benefits), 1 ¢ (address concernsgaedtions raised in the public review),
1d (be made publicly available), 1e (enable anssssent of future catchment thinning),
1f (contribute to policies and guidelines for cabemt thinning) and 2b (catchment
management practices and strategies, especialg ihdReservoir Protection Zones).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 2 (the status of ¢aity endangered, endangered,
vulnerable, conservation dependent) forest-dweBlingcies and ecological communities
as determined by listing), 3 (the status of setetheeatened or conservation dependent)
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species that are the subject of management ac¢bgmstect them), 31 (development of
scientific understanding of ecosystem charactedsind functions), 33 (operational
control) and 28 (adaptive management).

Overall assessment:

Like Project 13, this project will provide essehtiata for biological KPIs and help meet
the reporting requirements. It builds on monitorfrgm other catchments (DEC, mining
companies) and therefore the Wungong results wikilile to be put into a wide context.

15 Project Title: Community-based study of fungi biodiversity in eingong
Region

Project Researcher(s):Roz Hart (Perth Urban Bushland Fungi Project), BaN
Bougher (Mycologist, DEC) and Margaret Larke (West&ustralian Naturalist Club
Inc).

Objectives:

To foster public participation, awareness and etiloicabout fungal biodiversity and
the role of fungi for the long-term health of WumgoCatchment.

Methods:

An initial one-season study is proposed betweeril &md December 2008 involving a
weekend fungi workshop followed up by processinghaf fungi collected and a report.
At least five years of survey is recommended tal#igth the main fungi in an area. It is
understood that both thinned and unthinned catchras¥as will be surveyed (Frank
Batini per. comm.) although the initial submissthd not indicate this.

Results / status:

One field survey of fungi in the Wungong Catchmkeas been completed. This did not
compare treated and non-treated parts of the fams$tthe members are uneasy about
their measurements being used for thinning decigioposes.

Relationship with the (new, proposed) Project KPIs:

The project may be useful for KPIs 9 (dieback),(ddanges in indicator fautfaspecies)
and 12 (changes in understorey).

Relationship with EPA Bulletin 1196

If the work does survey thinned and unthinned artb&s project may be useful for
assessing advice and recommendations la (confedigbed environmental benefits), 1 ¢
(address concerns and questions raised in thecpubliew), 1d (be made publicly
available), 1le (enable an assessment of futurehmatat thinning), 1f (contribute to
policies and guidelines for catchment thinning) &bd(catchment management practices
and strategies, especially those in Reservoir BlioteZones).

Relationship with Forest Management Plan 2004 — 231

2 The fungi are more closely related to animals thlants yet the discipline of mycology often falilsder
a branch of botany
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If the work covers both treated and untreated arbasproject could help meet KPIs 31
(development of scientific understanding of ecamystharacteristics and functions), 33
(operational control), 10 (effectiveness of regatien of native forest and plantations)
and 28 (adaptive management). It is also relevaRMP KPIs 17 (the severity status of
weeds and pests as determined by subjective suarey)18 (effectiveness of dieback
hygiene). This project may also help meet KPI 28\mwe for public involvement
activities and public education, awareness andnsida programs and make available
forest-related information).

Overall assessment:

Currently this project is not aligned with the fsr¢hinning work unless both treated and
non-treated areas are covered in a sufficientlpildet way to be able to feel confident
that any changes in fungal occurrence and amouets significant enough as to be due
to the treatment. The surveys may need to be lo(@ere than a single weekend),
targeted to treatment and non-treatment areas gptdre data over a long period (given
the variability in longitudinal data from other dtas) for it to be definitive.

16 Project Title: FORESTCHECK— monitoring biodiversity in jarrah forest managed
for sustainable forestry

Project Researcher(s): Dr Richard Robinson and Dr Lachie McCaw, DEC
Objectives:

Use FORESTCHECKtO monitor changes and trends in key elementsrektdiodiversity
associated with forest management activities in §éag and compare with other
FORESTCHECKsSites in the forest.

Methods:

Depending on resources, establish sites in botMtireay 1 vegetation type and in the
Dwellingup 2 vegetation type (Mattiske and HaveB8pPwithin Treatment Area 3.

Results / status:
The initial timetable was:
Site to be chosen in July 2007
Site establishment and pre-treatment monitoring3200
Treatment in autumn / winter 2009
Report in 2009
Sites are monitored on a 5 year rotation.

Currently (July 2008) the project has been defed®gending upon resource availability
and may not proceed until 2012.

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI 11 (gkarin indicator fauna species) and 12
changes in understorey) and important for asses&tdl5 (social acceptability) and 16
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(cost effectiveness of catchment thinning). ItIsaelevant to Project KPIs 9 (dieback)
and 10 (changes in stream invertebrates).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice aodnmmendations 1la (confirm predicted
environmental benefits), 1b (give priority to prdge that address ecological
uncertainties), 1 ¢ (address concerns and questasad in the public review), 1d (be
made publically available), 1e (enable an assedsspofefuture catchment thinning), 1f
(contribute to policies and guidelines for catchméhinning) and 2b (catchment
management practices and strategies, especialg ihdReservoir Protection Zones).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 2 (the status of (aily endangered, endangered,
vulnerable, conservation dependent) forest-dwellipgcies and ecological communities
as determined by listing), 3 (the status of setbtheeatened or conservation dependent)
species that are the subject of management adtbgm®tect them), 9 (time to regenerate
harvested areas), 10 (effectiveness of regenerafiorative forest and plantations), 17
(the severity status of weeds and pests as detedmby subjective survey), 18
(effectiveness of dieback hygiene), 20 (percentafjevater bodies with significant
variance in biodiversity from historic range of nadnility), 21 (the level of soil damage
resulting from timber harvesting), 31 (developmait scientific understanding of
ecosystem characteristics and functions), 33 (¢pe control) and 28 (adaptive
management).

Overall assessment

This project could assist in measuring biodiversltgnges in an area undergoing thinning
and making credible comparisons with other forests It will help separate changes
due to thinning from other changes such as clintht@nge, other logging practices,
dieback and fire.

17 Project Title: Monitoring dieback in the Wungong Catchmént

Project Researcher(s): Mike Stukely and Greg Strelein (DEC)

Objectives:

To determine whether thinning will change diebatkaduction, spread or impact.
Methods:

Vectored spread— Map occurrence prior to operations, conduct ajpans using hygiene
measures and assess the success by remappingla ehaneas.

Autonomous spread- Establish about 20 transects to measure spreadSoor more,
sample thinned and unthinned forest on comparaldpes, vegetation site types /

13 Details from “Aspects of dieback behaviour relgvem the formation of jarrah silviculture
guidelines” were sent as background for this ptdpett they are unaligned because they are not
relevant to the Wungong or thinning in any apprgeiavay.
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complexes and determine the rate of spread andagierfuture spread.
Results / status:

The project is part of a broader DEC program arghisied out at a regional (operational)
scale rather than at a research scale.

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPI 9 (dikpdt is also relevant to Project KPIs 6
(efficacy of burn prescriptions); 8 (growth ratdscommercial species and timber yields);
11 (changes in indicator fauna species); 12 (ctmngeunderstorey); 13 (changes in
overstorey); 15 (social acceptability) and 16 (edf#ctiveness of catchment thinning).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice andmmendations 1b (give priority to
projects that address ecological uncertaintiesatldress concerns and questions raised
in the public review), 1d (be made publicly avaiégble (enable an assessment of future
catchment thinning), 1f (contribute to policies anddelines for catchment thinning) and
2b (catchment management practices and strategigsecially those in Reservoir
Protection Zones).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 2 (the status of (aity endangered, endangered,
vulnerable, conservation dependent) forest-dweliipgcies and ecological communities
as determined by listing), 3 (the status of setetheeatened or conservation dependent)
species that are the subject of management adtiopotect them), 10 (effectiveness of
regeneration of native forest and plantations)(th8 effectiveness of dieback hygiene),
28 (adaptive management), 31 (development of sieninderstanding of ecosystem
characteristics and functions), and 33 (operaticoatrol).

Overall assessment

This project is the only one that addresses KRli@b@ack) so is essential. By examining
vectored and autonomous spread it also will asbesis dieback spread risk issues
associated with thinning. It has been suggestedrognda Reed (pers. comm.) that the
methods should use Alcoa’s method which re-monitbes dieback lines to search for
new spots as they are unsure how impact is assassggthe transect method.

18 Project Title: Monitoring Cockatoo, Avifauna and Ground Vertebrates
Project Researcher(s):Ron Johnstone and Tony Kirkby, WA Museum
Objectives:

Cockatoo Project

Monitor and document breeding, feeding and roossitgs for the Forest Red-tailed
Black Cockatoo, Carnaby’'s Cockatoo and Baudin's katmo within Wungong
Catchment, Bungendore Park and the Canning ande®@p Dam Catchments. The
project will help estimate the effects of forestgmentation, predators, fire and processes
that alter habitat characteristics on these thneat@opulations.
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Avifauna in the Wungong Catchment

To provide information on the distribution, statuslative abundance, habitat preference,
breeding and migration and movement of all speofekirds inhabiting or visiting the
Wungong Catchment.

Survey of Small Ground Vertebrates
To continue and expand documenting ground vertelfeaa of Bungendore Park (1992
to 2006) as a comparison of sites being monitangtie Wungong Catchment.

Methods:

Cockatoo Project — continue to monitor 59 nestB@Est Red-tailed Black Cockatoo, 14
of Carnaby's Cockatoo and 2 of Baudin’'s Cockatawluding monitoring banded
individuals and threats such as the impact of tinfean honey bee.

Avifauna in the Wungong Catchment — evaluate datté Storr — Johnstone Bird Data
Bank and interpret changes in distribution, abundaeic

Survey of Small Ground Vertebrates - continue theysbeyond 2006 and survey species
such as Carpet Python, King Skink and the Quokka.

Results / status:

A draft report for Cockatoo and Avifauna is preghend is under review. The ground
vertebrates’ survey is progressed.

Relationship with the (new, proposed) Project KPIs:

The project is important for assessing KPI 11 (gesnin indicator fauna species) and
KPI 15 (social acceptability) and 16 (cost effeetiess of catchment thinning).

Relationship with EPA Bulletin 1196

The project is important for assessing advice @edmmendations la (confirm predicted
environmental benefits), 1b (give priority to prdge that address ecological
uncertainties), 1 ¢ (address concerns and questised in the public review) and 1d (be
made publically available).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 2 (the status of @aily endangered, endangered,
vulnerable, conservation dependent) forest-dwellipgcies and ecological communities
as determined by listing), 3 (the status of setbétheeatened or conservation dependent)
species that are the subject of management adtiopsotect them), 10 (effectiveness of
regeneration of native forest and plantations), (2dnsultation and involvement of
Aboriginal people in forest management), 31 (depedent of scientific understanding of
ecosystem characteristics and functions), 33 (dipaa control) and 28 (adaptive
management).

Overall assessment

It is not clear whether the cockatoo and vertelraterk was going to continue anyway.
There is no clear correlation between the surveysthe thinning work in the current
proposal. The bird measurements could contribugeK®I (Jan Starr pers. comm.).

Page 34 of 47



19 Project Title: Aquatic fauna biodiversity assessment
Project Researcher(s): Andrew Storey, Aquatic Research Laboratory (ARLYA
Objectives:

To assess the effects of the Wungong Catchmentrdmaient and Water Management
project on the biodiversity of aquatic fauna, pmatly aquatic macroinvertebrates and
fish, in tributary streams of the Wungong catchment

Methods:

Compare macroinvertebrates and fish communitiestrgfams in sub-catchments to be
manipulated to streams of subcatchments that eitiain untouched. Two approaches
will be done — a Before-After-Control-Impact (BAG)udy and a multivariate analysis of
change in community structure.

At least three streams would be selected, one haitige Wungong and two in nearby
streams previously sampled by the ARL.

Results / status:

Three sites exposed to thinning, Treatment Areerdatment Area 2 and Vardi Road and
three reference sites, Waterfall Gully, 31 Mile 8kaand Foster Brook were monitored in
December 2005 and October 2006.

For 2007 a new control (as 31 Mile Brook was nowb&treated) was established on
Wilson Brook and 39 Mile Brook Jack Rocks was addéde eight sites were again
monitored in spring 2007.

The 2005 and 2006 monitoring is discussed in artdpo the Water Corporation titled
“Wungong Catchment Environment and Water Managenkoject, Aquatic Fauna
Biodiversity Assessment October 2006” by Aquatic®&ech Laboratory, University of
Western Australia

Relationship with the (new, proposed) Project KPIs:

The project is essential for assessing KPIs 10n@és in stream invertebrates) and 11
(changes in indicator fauna species) and impor@an@ssessing KPIs 15 (community
acceptance) and 16 (cost effectiveness of catchtnieming).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice aodmmmendations la (confirm predicted
environmental benefits), 1b (give priority to prfg that address ecological
uncertainties), 1c (address concerns and questaised in the public review), 1d (be
made publicly available), 1e (enable an assesswiefiture catchment thinning), 1f
(contribute to policies and guidelines for catchiménhinning) and 2b (catchment
management practices and strategies, especiag ihdReservoir Protection Zones).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 2 (the status of @aily endangered, endangered,
vulnerable, conservation dependent) forest-dwellipgcies and ecological communities
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as determined by listing), 3 (the status of setétheeatened or conservation dependent)
species that are the subject of management adtopsotect them), 19 (the annual flow
weighted mean salinity and the trend for streamduily forested catchments), 20
(percentage of water bodies with significant vazem biodiversity from historic range
of variability), 31 (development of scientific undeanding of ecosystem characteristics
and functions), 33 (operational control) and 2&(#tve management.

Overall assessment

The project will provide quantitative informatiom ¢he ability of catchment thinning to
retain aquatic fauna in the face of climate charfdere could develop useful links with
Projects 1, 2, 3,4 and 7.

20 Project Title: Balancing water quality and ecosystem health wiglewyield —
ecosystem response to thinning in Wungong Catchment

Project Researcher(s): Richard Bell and Qui Song, Murdoch University
Objectives:
The project is trying to answer the following faesearch questions (RQs)

1. How are thinning impacts reflected in the ecosystammposition, structure and
function during transition to a new stable state ?

2. What are the underling processes regulating pasiitig vegetation change and
ecosystem dynamics ?

3. How do catchment dynamics after thinning impingestbteam water quality ?
4. Can post-thinning successional trajectories beigtexd ?
Methods:

RQ1 and 2 will be addressed in Sub-project 1 byitaong 15 sites with controls and
landscape-scale thinning. The sub-project wilb afglude a field plot experiment to test
the effect of thinning method (stem injection, coemaial harvest) and intensity (basal
area reduction %) on nutrient cycling and biolobreaponse.

RQ3 will be addressed in Sub-project 2 wherebyseats will be carried away from
streamlines in areas undergoing either stem imeadr commercial harvest treatments.
Runoff plots and groundwater bores will be est&igltsalong each transect.

RQ4 will be addressed by studying ecosystem streicand compositional properties in
previously thinned jarrah forest within or near YWengong catchment.

Results / status:

Failure to appoint an APAI Scholarship student éagyed progress. Shortlisting of sites
commenced in February 2006 using spatial data Wnater Corporation and DEC. Three
sites have been selected (thinned after burningytbaut not thinned and not thinned or
burnt) and some meteorological measurement ared fatl have been made. Equipment
has been purchased. Thinned burn areas had theshigter all with the lowest litterfall
in the unburnt and unthinned sites.
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Relationship with the (new, proposed) Project KPIs:

The project is important for assessing KPI 1 (waeality and quantity criteria), KPI 11
(changes in indicator fauna species) and KPI 12r(ghs in understorey), and may be
important for assessing KPI 15 (social acceptabiland 16 (cost effectiveness of
catchment thinning). It is also relevant to Proj€Bis 6 (efficacy of burn prescriptions);
7 (soil protection); 10 (changes in stream inved#ds); 12 (changes in understorey) and
13 (changes in overstorey).

Relationship with EPA Bulletin 1196

The project is essential for assessing advice andmmendations 1la (confirm predicted
environmental benefits), 1b (give priority to prdg that address ecological
uncertainties), 1c (address concerns and questaissd in the public review), 1d (be
made publicly available), 1e (enable an assesswiefiture catchment thinning), 1f
(contribute to policies and guidelines for catchiméhinning) and 2b (catchment
management practices and strategies, especialg ihdReservoir Protection Zones).

Relationship with Forest Management Plan 2004 — 231

The project helps meet KPIs 2 (the status of @aily endangered, endangered,
vulnerable, conservation dependent) forest-dwellipgcies and ecological communities
as determined by listing), 3 (the status of setétheeatened or conservation dependent)
species that are the subject of management adtigm®tect them), 9 (time to regenerate
harvested areas), 10 (effectiveness of regenerafiorative forest and plantations), 17
(the severity status of weeds and pests as detedmby subjective survey), 18
(effectiveness of dieback hygiene), 20 (percentafewvater bodies with significant
variance in biodiversity from historic range of nadnility), 21 (the level of soil damage
resulting from timber harvesting), 22 (water prattut), 31 (development of scientific
understanding of ecosystem characteristics andin®), 33 (operational control) and 28
(adaptive management).

Overall assessment
Like Project 7 this has the potential to integratiet of related data and also leverage significant

resources and skills. Synergies between thesenti@grative projects should be sought.
5 Research Gaps
The project KPlIs that are not addressed at alhbyctirrent 20 projects are:

No 2 - safe handling of herbicides; and

No 3 — efficacy of herbicide treatment.

Project KPIs that may or may not be met (accordingshether the projects can be better
aligned) are:

No 4 — achievement of retained basal areas;
No 5 — level of damage to retained stems; and
No 7 — soil protection.
There is a need for an operational research pr@janber 21) that applies the currently-
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collected monitoring and operational data to asessnost cost effective ways to thin
the forest, prevent regrowth and address safetyeamdonmental damage risks. ALCOA
agree with this need as they have had to retreatethabilitation in Bennett's catchment
(Amanda Reed, pers. comm.).

If the thinning process is not efficient the on{gpicost of maintaining the required basal
areas may become prohibitive. It is presumed rii@htenance costs decrease over time
as the mature trees take over the available lighter and nutrients. However it is not
clear whether any current project will estimatesthéransition cost at the same time as
estimating ecological transitions (Projects 7, 20).

A possible research project on soil health (KPh&y need to be considered as current
measurements mainly cover soil disturbance as wtrek mechanical operations. The

thinning operation is non-mechanical but will résalchanges to soil temperatures, light
penetration and moisture levels. This may extenth@échealth of mining (disturbed) sites

as well as un-mined areas.

Another research gap is the impact on stream floiWsaving stream buffers untreated as
these are now the main runoff generating parth@®fcatchments in a drying climate and
falling groundwater levels. These buffers have beertected for many years for water
quality purposes but their impact on reducing flomisch may cause ecological damage
is unclear. The trade-off between water qualitkgiand reduced flows is an important
consideration that needs to be evaluated in a giraggeconclusion that is supported by
ALCOA (Amanda Reed pers. comm.).

When developing the detailed KPIs, Geoff Stonempars, comm.) believes that
consideration should be given to:

impacts on biodiversity elements considered totliegh risk;

the long term impacts on the sustainable yieldsnfriooth native forests and
rehabilitation (instead of millable timber yieldgnd

the effectiveness in reducing weeds, especiallyasaociation with rehabilitation
areas.

The detailed KPIs also need to be “SMARTe etlan Starr pers. comm.)

Some projects could be better aligned with thettmeats to achieve a more cost effective
and thorough outcome as indicated below:

Projects that are currently weakly aligned to catciment thinning

No 15 — Community based study of fungi biodiversitythe Wungong Catchment. It
is hard to see how the data collected from thidysttan be used to assess the impact
of catchment thinning in the Wungong Catchment smilat is sufficiently
comprehensive to provide a confident assessmettteoimpact of the treatment on
fungal occurrence and intensity. As described ttogept will produce a list of fungi
present at the time of the survey. It is possiloeédver that the project has since been
better aligned so that it targets the questions tfeged to be addressed.

14 Specific, measurable, achievable, realistic ametbound or timely.
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No 3 - Hydrological processes - unless this progdsb addresses bauxite mine pits
that have been thinned (unclear as the projectilsledge lacking). According to
Amanda Reed (pers. comm.) This project should gtilvide value, irrespective of
whether thinning occurs.

No 5 — Prescribed fire and stream quantity andityualunless a burnt area is also
thinned.

No 6 — Monitoring the effect of wildfire on watevegetation and biodiversity —
although the work may enable the effect of extrewegetation removal to be
understood and included in hydrological models. dkding to Amanda Reed (pers.
comm.) we still need data on “streamflow versustsince fire”; how fast streamflow
returns to normal; how much variation and do weeunsthnd the reasons ?

No 18 — Monitoring Cockatoo, Avifauna and Ground Vertebrates — unkbss
surveying were better related to forest thinning.

Projects that provide essential support informationto others and help meet KPIs
No 1 — Hydrographic measurements
No 4 — Groundwater monitoring
No 8 — Remote sensing
No 9 — Leaf Area Index
Completely aligned projects

Nos 2, 7, 10, 11, 12, 13, 14, 16, 17, 19 and 2(campletely aligned with the work in
the Wungong Catchment.

6 Opportunities for better integration

It is recommended that small groups involved imted projects get together and explore
possible integration or sharing of data or suniggssso that the work may be more cost
effective. There appears to be scope to bettetttiaKollowing work areas

Remote sensinggomponents in Projects 7, 8, 9 and 17. Most e$¢hprojects are using
Landsat TM and there are likely to be opportunitegscollaboration and the avoidance of
conflicting results.

Hydrological modelling in Projects 2, 3 and 7. Three different models @mmposed —
LUCICAT, WEC-C and MIKE-SHE, each with their owrresigths and weaknesses. The
researchers have a history of collaboration scetlsbould not be any issues in getting
close collaboration. Interactions with modellingpirject 20 also need to be explored.

Leaf area indexwork in Projects 7, 9 and 16. Different methods are psed to assess
aspects of LAl — Echidna, Landsat TM and obserwatiof forest composition, structure
and developmental stage. The more detailed methuuls enable others to be more
accurately calibrated.

Integrative systems researchn Projects 7 and 20; and a new project on mialshber
yields if funded. These two projects are very ca@r@s they integrate a large amount of
data and build predictive methods of what will happnder future conditions. They
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involve external skills and funds (Premiers Wateukdation, Australian Research

Council Linkage) and may provide a measure of iedéeence that the other projects lack
due to their being commissioned studies or consciks by the Water Corporation. Both

projects are ambitious and timelines are likelfpécstretched (as they have already).

Getting the variou$lora and fauna monitoring groups together may also be beneficial
(Mattiske Consulting; Kabay Consultants; WA MuseutdWA; DEC; Murdoch
University; WA Naturalists Club) to see whether tetasets can be improved through
common database linkages and sharing. Accordidgitanda Reed (pers. comm.) this is
an important issue and an aquatic fauna workingmgmould be beneficial.

There are annual information sharing seminarsportghese projects but given that there
are 20 to cover in one day there is often insudfititime to assimilate the overall results.
It is therefore suggested that a second half daykshop be added to provide an
opportunity for synthesis between results, and betwesearchers and managers.

7 Reporting

A general recommendation is that the reports refback to the regulators their written
concerns so that they can see that the Wungongqtrbjas taken their issues and
recommendations seriously. Appendix 2 relates thm@ividual projects to EPA Bulletin
1196 and the Forest Management Plan, as well abridés own KPIs.

Rather than write three separate reports it ismeeended that a common format be
adopted with specific sections being used to addeash specific need.

7.1 Conservation Commission

The Commission has recently been briefed on thargdges and disadvantages of forest
thinning through the submission by CSIRO to thire tB1 Mile Brook Catchment
(Silverstein 2008). This application is likely taise issues that the Commission would
like the broader trial to address over time. Imaotly the case was made that “doing
nothing different” in the face of climate changeymeasult in the loss of important aquatic
ecosystems and that catchment thinning may “preliion” the forest and make it more
adaptable to a drier and hotter future climate. v this may be viewed by some
members as a courageous intervention and caroyitsrisks.

The other consideration is how the Wungong Trial balp the Commission address its
own needs to report on the Forest Management RIa# 2 2013. No project by itself will
address the KPlIs but they can assist DEC, the FidGhe Commission in meeting their
reporting needs.

7.2 EPA

The EPA’s advice and recommendations are very bavadtherefore the assessment of
how each project addresses each requirement cgrbergubjective. EPA requirement 3
is that the Projects’ first review needs to be sitiieh to the Conservation Commission by
2008. There is no requirement for on-going repgrtmthe EPA, only to take account of
the s16e advice. However it is advisable to proyideodic (biannual ?) briefings to the
EPA as it expressed an interest in what the tr@allds mean for the future management of
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water catchments under a drying climate (p 11).

7.3 Water Corporation Board

A new KPI (number 16) was added to address the okttt Water Corporation Board to
be able to determine the social acceptability aost effectiveness of catchment thinning
as both criteria will need to be met if the treatims to proceed beyond the reviews in
2008 and 2012. This KPI will also help meet the EBéommendation that the trial assist
consideration of whether future projects on catahint@inning for water production
should proceed.

It is possible that the treatment could prove asebeial from an aquatic environment
and/or millable timber perspective as it does froomsiderations of increased water
production and possibly more so. This may enablkiphel parties to contribute to the on-
going cost of maintaining low basal areas or enageithe introduction of a Community
Service Obligation payment for the practice to blesgdised. Multiple benefits need to be
anticipated and assessed so that a full appreciatiozho benefits is understood.

The Water Corporation Board will be mainly intessktin the business case of forest
thinning in terms of the amount and reliability aftchment yields, the on-going costs of
treatment (hopefully reducing as the large treke taver) and the unit cost on new water
as compared with other sources. The fact that &éinescare all connected to the Integrated
Water Supply System, require no filtration and mlevwater under gravity makes any
additional yield of high value compared with otlsmurces that lack these advantages.
Therefore the advantage of having these expenssetsamore fully utilised needs to be
considered in any comparative assessment. Any termg-monitoring commitments that
may be made by the Water Corporation in the coofd$ke investigation also need to be
considered as this could result in monitoring casistinuing after the trial has been
completed even if a decision is subsequently matiéoncontinue with the treatment.

The ability of the current 20 research projectgdaerate the numbers required to build a
business case for consideration by the Board needs assessed by the Infrastructure
Planning (Graeme Hughes) and/or Pricing and Evialu@ranches (Lloyd Werner) at an
early stage. None of the projects is currently ssisg the cost of establishing and
maintaining low basal areas under operational ¢mmdi. Several projects are however
measuring and/or modelling streamflows as a resilie treatments and estimating how
these may change under future catchment and cliozatditions. The trial may also be
more effective in southern catchments that havedn@d to the same extent as the
Wungong so consideration to estimating catchmesgamses in the Harvey, Samson and
Logue Catchment may need to be given

8 Conclusions

The 20 research projects reviewed in this repatamixture of small consultancies,
internal (Water Corporation) projects; aligned istity projects (eg Alcoa) and externally
funded integrated research that the Corporatisapgorting.

15 This suggestion is considered by Jan Starr taaideeras climate change is moving to these catchavant
well.
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Currently there are 12 KPIs that the 20 projecésraeant to provide data for monitoring
performance. It is recommended that the KPIs besased by two — one on millable
timber yields and another on the social acceptghaind cost effectiveness of catchment
thinning. Another KPI on upper story composition ynalso be considered as the
composition of the forest is important for both ltien production and the environment.

If this recommendation is accepted then the maps gae a project on safe handling of
herbicides and the efficacy of herbicide treatmeassociated with work on the most
cost-effective methods of attaining and maintainipagal areas over time. This project
may also help with KPIs on the level of damagedtained stems and soil protection
which are poorly addressed in the current resgam@tram.

One research project is completely unaligned witle thinning treatment (fungi
biodiversity) and several could be improved wereyttbetter aligned (hydrological
processes which appears confined to unthinned teavegrowth areas; prescribed fire
and stream quality and quantity; bird and inveé&brmonitoring; and possibly the
dieback project).

The information made available on a number of thgsgects is limited so it is possible
that the projects are better aligned than is statéuis report.

Four areas lend themselves to better integratimmete sensing, hydrological modelling,
leaf area index measurement and integrated systsmarch.

Reporting to the Conservation Commission is require2008 and to the Board of the
Water Corporation in 2009. A less formal reportiogthe EPA is recommended. The
Conservation Commission report needs to address RAbtkest Management Plan
recommendations but also the issues that may awisef the request to thin the 31 Mile
Brook Catchment.

The Board of the Water Corporation require detaifs the cost effectiveness of the
proposal and a good appreciation of its social @gtedlity. Currently the projects are
limited in the economic data that they will asseentahd this lack needs to be met by the
proposed project that meets the operational KRisdfre currently not being addressed.

The KPIs are currently just headings (eg soil mtte@; changes in understory) and need
to be converted to statements that can be objégtreported against. The type of KPI
contained in the Forest Management Plan coulddrede for their form.

9 Recommendations

9.1 Change the Project Success Criteria to that shovetdov:

Project Success Criteria

The social acceptability and cost effectiver®ss thinning hills catchments to
improve water yields relative to the do nothingeti#nt case will be sufficiently well
known to enable a decision to be made whetherntirage treatment of the Wungong
Catchment, and to extend it to other catchments.

16 Suggested change to “Community awareness of aastenefits” instead of “social acceptability and
cost-effectiveness” — Beth Schultz pers. comm.
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A 20% increase in runoff in the Wungong Catchmeliowing the approved
silvicultural treatment relative to the “do nothirdifferent” case.

Stakeholder acceptanteof the forest structure after the approved silitictal
treatment

No significant adverse impact on terrestrial andsineam ecosystem functions
following the approved silviculture treatment rédat to the “do nothing different”
case.

Impact on ecosystems’ ability to adapt to climatange improved as a result of the
approved silvicultural treatment.

All KPIs will need to be met to meet the first Rrc Success Criteria.

9.2 Project KPIs

It is suggested that there be 16 Key Performandecators (KPIs) to determine the
success of monitoring and research programs asedsiat the Water Corporation’s
response to submissions from 2005 public reva90,.

1. Stream water quality and quantity

Safe handling of herbicides

Efficacy of herbicide treatment

Achievement of retained basal areas

Level of damage in retained stems

Efficacy of burn prescriptions

Soil protection

Growth rates of commercial species and timber gield
Dieback

10.Changes in stream invertebrates

© © N o o~ DN

11.Changes in indicator fauna species
12.Changes in understorey

13.Changes in overstorey

14.Consultation and communications

15. Social acceptability of catchment thinning
16. Cost effectiveness of catchment thinning

KPIs that assess whether the ecosystem’s abilitgdipt to climate change has been
improved as a result of the silvicultural treatm@m. resilience) and the forest’s capacity
to sequester carbon have also been suggested IBtalarjpers. comm.).

17 Suggested change to “Informed stakeholder respdmsa Stakeholder acceptance” Beth Schulz pers.
comm.
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Currently these KPIs are headings only and themesamay change as a result of
developing the measures (e.g. Beth Schulz has stgghehanging “social acceptability”
to “Community understanding of catchment thinningRPIs on Greenhouse gas
emissions and stored carbon have also been suddssfael Johnstone.

9.3 New project

Establish a new project to address research gapmeet KPIs 2 (safe handling of
herbicides), 3 (efficacy of herbicide treatmentgchievement of basal areas), 5 (level of
damage in retained stems) and 6 (soil protectidrjevat the same time assembling data
on the costs over time of the treatments (KPI 16).

9.4 Project alignment with Program needs

Renegotiate unaligned and poorly aligned projextsetter assess the thinning treatments
for projects on fungi biodiversity; hydrological quesses; prescribed fire and stream
guantity and quality; cockatoos, avifauna and itetaates.

9.5 Project integration

Convene separate meetings of researchers workingnoote sensing (Projects 7, 8, 9 and
17); hydrological monitoring (2, 3 and 7); leakarindices (7, 9 and 16) and integrated
systems modelling (7, 20) to seek better sharingkifs and data. Explore a similar
opportunity for flora and fauna monitoring groups.

Consider holding a half day workshop between theédes of all 20 research groups after
the annual seminar day to improve linkages and Idpvan integrated overview of
findings and how they relate to the program’s KPIs.

9.6 Reporting

Look for synergies in reporting to the Conservat@mmmission and Board of the Water
Corporation. Seek informal methods of briefing Hf®A on a less regular basis.
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11. APPENDIX 1. Wungong Catchment Trial Project: Key Areas of Researh and Monitoring (Draft November 2007) Source: Bihnu Devkota
NoO. Issue Done By Objectives/Methods Research questierpected outcome Synergy/ Integration with Statu@May 2008) Il:<'\lgllj
1 Hydrographic Hydrosmart/DoV To monitor the stream flow and water quality at |Impacts of thinning on stream flow and we  [Murdoch, CSIRO, strea IOn going 19, 22
measuremen gauging stations in exposed (thinned) and conttoliguality and comparison tween the thinned andbiodiversity
catchments controlled catchment
P Hydrological analysi: ater Corporatioc | To analyse stream flow data and to validate the |Better undrstanding on the increase in stream|CSIRO, Murdoc \Work in progres 31
and modellin LUCICAT model for hydrological simulation flow due to thinning and apply the LUCIC/
Imodel to other high rainfall zone catchme
3 Hydrological process: Jlcoa and others To collect field data and to vaimaof WEC-C Improved understanding of the impacts ICSIRO, Stream flo' \Work in progres 31
model for prediction of interflow in bauxite mining pauxite mining and rehabilitation on run
pits generatior
a Ground wate ater Corporatic | To measure seasonal groundwater levels and Better understanding of the g/w level trend  Murdoch, CSIRO, streal On going and extendir |31,
monitoring analysis of the data the forest and to predict timpacts of drying  piodiversity beyond th Cobiac EPA's
climate and forest structure on ground wi catchmer IAdvice
3 Fire and water (extern PEC/Water To apply more frequent (mosaic) burning in Jack [Understanding the impacts of fires on water  [Mosaic Burning, Wungong thinning [Under developme 31
to Wungong projec [Corporatiol Rocks (in Serpentine) and to monitor the impacts production (quantity and quality) and ecolc
stream flow, water quality and ecology and eco fand to separate tlimpacts of thinning and fire
In Wungon(
6 ild-fire impacts on ater Corporatioc | To monitor stream flow, water quality and Better understanding the impacts of wild fires [Mosaic Burning, Wungong thinning, [On going monitoring an |31
runoff, water quality an vegetation recovery in Little Darkin (Mundaring) ater quantity, quality and recovery fire water projec one honours thes
Vegettion vegetation after wild fir completed by UW#
Studen
7 \Vegetation dynamic CSIRC To quantify the impacts of land use and climate [Better understanding on the impact: Murdoch, stream flow, hydrolog esearch sites are selec P2, 31
and hydrolog change on stream flow and field measurement |vegetation and climate on hydrolc modelling, LAI and drilling to
(Wungong project and the PWF will be implemented continuously monitor th
in a Co-ordinated manner) o/w level and the soil
Imoisture completed
8 Remote sensin Water Corporatic |Remote sensing with 0.5 m resolution with 4-banf@hange in forest biomass, dieback . diebackforest health first image in Nov 200! 1
taken by flying a plane over the area, and image |egetation stre: and taking seconimages
processing n selected part of th
catchment is underwa
data analysis an
comparison will be start
¢ Leaf Area Index (LAl  Water Corporatic |To analyse Landsat data to see annual changes ifRelationship between the changes in L Sap flow, Murdoch, Hydrologi lOngoing 31
LAl and after thinning Fainfall and the stream flo Imodelling
10 [Recreational values a1 Beckwith Survey, focus groups, site visit and photographs [public opinion on thinning by balancing t Demo plots, thinning techniq lUnder developme 29, 31
ecosystem heal Environmenta visual impacts and ecological hei
Planning/Murdoc
11 |Demonstration Plo Water To establish of plots to show outcomes of differenComparison of the impacts of different thinn isualimpacts and ecosystem healttfield work completed an S
Corporatio/DEC thinning techniques techniques on b-diversity and visual values  fhinning method DEC contracteto
product interpretation
signag
12  |Sap Flov CSIRC To monitor and quantify the tree water use Better understanding on tree water use Murdoch, CSIRO, hydrologi Proposal being developr [B1
transpiratiol Imodelling
13  [Flora and Vegetatio Mattiske Consulting | 4 stream transects across the creek lines to meaginderstanding othe potential shifts in the Fauna, Forestche Field monitoring ofall 4 P
\Values Pty Ltd flora (change in over and understorey species by egetation in response to local change fransects and 6 plots
monitoring diversity, abundance) revolving every #vydrological conditions. Compare findin completed and a dre
5 years; upslope quadrants and design long term petween the respective sites (in relatio eport is received in ear
program. 6 plots overlapping with fauna plots to fopography, land forms, soils and proximity March 2007
integrate flora and fauna monitoring seasonally wet/moist ¢ls)
14 |Faun: Kabay Consultar  |Establishment of 6 plots (3000 m) with traps for [Impacts of thinning on terrestrial fauna includ [Flora, Forestche« Baseline monitoring (fo B
Pty Ltd measurements of mammals, reptiles, invertebratgendangered species and integration oa both summer and wint
and threatened species (if trapped), and countingffauna dat period) complete
birds. Plots established covering severity of thign
(high and medium reduction in basal area)
15 |Fung A Naturist Clut  |Community group to carry out fungi survey (on [ldentification and impacts of thinning on fungiJFlora, Forestche: under developme P, 2¢
Forestcheck plots, demo plots) followed by and jand community involveme
workshop to identify the fungi and to prepare répqr
16 |FORESTCHECI PDEC Establishment 6 grids as per DEC's Impacts otthinning on soil damage, fungi, flora, fauna, Murdoch anMuseum  [Site selected ar 33, EPA
FORESTCHECK protocols to measure forest change in understorey species, and inverteb Imonitoring will commenc: JAdvice
attributes and bio-diversity values (forest struetu ISpring 200¢
and regeneration, foliar and soil nutrients, soil
disturbance, coarse woody debris and litter) and ki
diversity values (macro-fungi, cryptogams, vasculpr
plants, invertebrates, birds, mammals and
herpetofauna)
17  |Forest health/dieba PDEC Mapping the occurrence and establish transects tpModes of spread of dieback and impact Soil damage guideline; best Dieback demarcation 18
monitor die-back spread and catchment scale rengbtening onforest health and dieback management practic completed in Treatmel
sensing and plot based monitoring for forest heal Area 1 (TA1) and TA2
Integrate with FORESTCHECK, inventory or othe Forest health/diebac
plots for vegetation composition change. Fesearch (an ide
18  |Cockatoos, historict Museun Monitoring breeding, feeding and roosting sites folnformation on birds since 1959 and continue [Eauna, Forestcheck, FI Being Implemente: B
bird data and groun Cockatoos (Forest Red-tailed, Black, Carnaby anglocument breeding, feeding and roosting ¢
vertebrate Baudin) within the Wungong Catchment and for Cockatoos in and grourvertebrate fauna
adjacent areas--Analysis of historical bird data
(since 1959)-- field observations of mammals and
reptiles
18 [Stream biodiversit UWA Establishment of 6 sites (three sites each, exposgChange in mac-invertebrates and fish, and [Murdoch, Stream flov ISpring 2006 ampling and R0
and control) for measuring base line condition.  jmeasurement of channel parame Analysis complete
Measurement will be taken every 2 to 5 years, anfl a puilding on 2005
comparison made with historical records Monitoring extended t
fwo more plot
PC  Balancing wate ARC Linkage Establishment of transects covering different @inflUnderstand and predict transient and longer ' [CSIRO, Forestcheck, Stream - [nitial monitoring and site |10, 22,
quantity, quality ant Project: Murdoct zones to study balance between water quality, watesponses to thinning (vegetation change diversity seledtion started 31
thinninc University yield, thinning and forest health ecosystem dynamic
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12. APPENDIX 2. Wungong Catchment Trial Projects in relation to KPIs, EPA Bulletin 1196 and Forest Management Plan KPIs
No. Issue Project KPI EPA Bulletin 1196 Forest Management Overall Comment
Plan KPIs

1 |Hydrogréephic Essential 1, 14 1a, 1c, 1d, 1le, 2a, 4 22, 28,19 Essential component of a number of
measuremen Important 7, 10 projects. Need to assess whether enough

sites are being measured to meet all negds

2 [Hydrological Essential 1,14 la, 1c, 1d, 1e, 4 22, 28,19 Links need to be clear with Projects 3| 7
analysis ani and 20 which also involve modelling
modelling

3 [Hydrological Essential 1,14 1d, le, 4 (bauxite areas) 22 Unclear whether thinned bauxite pits i
processe be modelled. This work is at no cost to the

Water Corporation but consideration
should be given to modifying it

4 (Groundwate Important 1, 14 1b, 1d, le 22,19 More details of program are needed. Dlata
monitoring are essential to understand runoff procegses

under climate change and management

5 [Fire and weer Essential 6 1a, 1d, 1e 22,28 Links to thinning treatment are unclear| if

external tc Important 14 not completely lacking. Need to seek better
WWungony) alignment if possible.

6 |Wildfire impacts Important 1,6 None 22,28 Useful as it assesses the extreme case|of
on runoff, wate| complete destruction of vegetation and its
quality and recovery after wildfire
vegetatiol

7 |Vegetatior Essential 1,12, 14 1a, 1b, 1c, 1d, 1e, 1f, 4 22,28, 31, 33, 19 The most integrative projecipirogram
dynamics an but has time constraints due to external
hydrology funding deadlines

B [Remote sensin Important 13, 14 1c, 1d, 4 Unknown Details are lacking on this project. Links

with Project 7 and “Urban Monitor” need
to be clarified

Q9 |Leaf Area Inde» Unknown Unknown 10, 12 Links with Project 7, 8 and 20 need to be

LAI) established

1C |Recreationa Essential 14 1c, 1d, 1e, 1f, 4 26 This is the only social acceptance project
values ant Important 13 so it fills an important gap. Could be linkgd
ecosystem heal to demonstration sites and include stream

condition acceptability

11 |Demonstratior Essential 13 1f 26 Could be very effective in gaining public
Plots Important 14 understanding and potentially acceptance

12 |Sap Flov Important 1 la, 1b, 1d, 1e 22,28, 31 Fills data gaps in other projects (7, 20) in a

(understanding tree water direct manner
use)

13 [Flora anc Essential 12 1a, 1c, 1d, 1e, 1f, 2b 31, 10, 28 Along with Projects 1 and 14, this psoyide
Vegetatior Important 5, 14 an essential data set
Values

14 [Fauni Essential 11 la, 1b, 1c, 1d, 1e, 1f, 2pb 31, 10, 28 Along with Projects 1 and 13, thisigs

Important 14 an essential data set
15 |Fung None unless aligned to None unless aligned to None unless aligned This project could augment the data in
treatment areas treatment areas to treatment areas | Project 14 if better aligned to thinned ang
unthinned catchment areas

16 |FORESTCHECK Essential 11,12 la, 1b, 1c, 1d, 1e, 1f, 2pb 31, 10, 28 Comprehensive measure of biodiversity

Important 14 that enables a comparison with other parts
of the jarrah forest. It will help separate
thinning impacts from climate change,
logging, dieback and fire

17 [Forest healil Essential 9 1b, 1c, 1d, 1e, 1f, 4 18 Need clarification of the rdttive
diebacl research project as several versions have

been received

18 |Cockatoos Important 11, 14 la, 1b, 1c, 1d, 1e, 1f 31, 33, 28 It is not clear how or if the cockatoo apd
historical bird invertebrate work aligns with the thinning
data and groun treatments.
vertebrate

18 [Stream bi- Essential 10 la, 1b, 1c, 1d, 1e, 1f, 2pb 31 Important as it builds on a long history of
diversity Important 14 stream biodiversity measurements and npay

enable the impacts of thinning on
streamflows to be assessed in terms of
biodiversity

2C [Balancing wate Essential 1,11, 12 1a, 1b, 2c, 1d, 1e, 1f, 2b 31, 33 An important project as (like Projdct
quantity, quality Important 14 integrates data, entrains external skills and

and thinnin

resources while providing an independe

Nt

assessment of forest thinning
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