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What if your report card was
a person?

Automations and
macros

Command centre: metric
scores, grades

Human and
financial resources

End users and

. Monitorin
the community 8

data



Overview

&

1. Objectives

2. Framework

3. Indicator selection

4. Indexing method (thresholds/benchmarks)
5. Scoring method
6

7

8

. Weighting / combination
. Grades
. Report card!



But first, a game!

*

Activity 1: Who owns this formula?

Where: x = sample result for the indicator
Benchmark = water quality objective or guideline
WCS = worst case scenario

(x - Benchmark)
(WCS - Benchmark)

Score =100 x 6.0 -

Equation °

. 10
Equation 2WQI = — ;I —0.5

V =

(2o — M)Ty + (My — Mp)T, + (M — M3)T3 + (M3 — My)Ty + (My — 21)Ts,
|

Equation D
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Indicators

¥ -
\———-—-—-—-—w-
« Environmental/ecological indicators

* “Human"” indicators - social, cultural, economic,
stewardship, etc

e Point in time vs. cumulative indicators (indicator
species; ecosystem-level indicators; indicators of
resilience and change)

» Wide variety of possible indicators - which tg

Depends on: d
 Local drivers/pressures

« What can be accurately measured (DO)

 Whether we know what's “goos
« What1 8




Fitzroy Basin

‘ p for fiver health
- ——

« Environmental indicators only

» Started with over 100 potential indicators, narrowed down using pre-defined
selection criteria:

« Clint A+ a2l ON17
Source: fhiq
Predefined selection criteria (SC) used to assess potential indicators for inclusion in the Ecosystem Health Index for the Fitzroy Basin.

Data:

SC1. Reliable data currently available for the Fitzroy Basin®

SC2. Suitable interpretative algorithms are available

SC3. Errors, reliability and uncertainty in measurement are known and acceptable?

SC4. Temporal and spatial variability can be accounted for

Interpretation and communication

SC5. Guidelines/ objectives are in place and relevant to the region®

SC6. Used in other monitoring programs (consistent with other regions, states,
nations)

SC7. Scientific interpretation is straightforward and meaningful

SC8. Simple to communicate and good public understanding

Relevance:

SC19. Important to ecosystem function (will exposure cause serious environmental
effects?)

SC10. Sensitive to changes in ecosystem function

SC11. Contributes to assessment of ecosystem resilience

SC12, Related to regional, state, national, international policies and management
goals

Practicality and timeliness:

SC13, Feasibility and logistics to measure (monitor and analyse) are consistent with
outcome benefits

SC14. Time requirements to measure (monitor and analyse) are consistent with
outcome benefits

SC15. Costs to measure (monitor and analyse) are consistent with outcome benefits

SC16. Provides an early warning of ecosystem health decline

2 Critical criteria - low score means automatic disqualification of a potential indicator from the index.



Indicator “categories”

¥ ~
e
* Why use categories?
o Simplify the list
 Allow for different weightings i
» But they add another ‘layer’ of averagin § = '

« May not always be necessary
« Anyone not use indicator categories?

fitzroy

for fiver health
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Thresholds

e Development will depend on scoring methodology being used

Fitzroy Basin method uses two thresholds
» Reference threshold or ‘Benchmarks’ as the best possible condition
. mlgse),above or below which ecosystem is compromised ‘Worst case scenario
Set using:
« Conditions at reference sites
 Existing water quality guidelines (e.g. ANZECC, Qld WQO4
» Modelled values
» Professional best judgement
e Combination of the above

Reference conditions can be a problem! Stoddard et al (2
« Natural conditions; reference condition for biological integritv LRC
« Minimally disturbed condition (MDC) S R N
e Historic condition (HC)
e Least disturbed condition (LDC) (“best available”)
« Best attainable condition (BAC)
» Expert opinion

What do you use?




Complexities in threshold
setting

o ¢ o -
« Can be difficult to represent all waterway types
and conditions that naturally occur in a large
catchment

o E.g. Fitzroy thresholds

« Water Quality Objectives

» only been established for low flow (ambient) conditions,
except for EC, but most of our data are from high flow
conditions - so we had to adjust for this

« do not account for the influence of other factors that might
influence ambient parameters across seasons and years,
such as variations in climatic factors or ground water flow

» Default ANZECC guidelines may not be localssms samtuyse

« E.g. high background levels of some metals, but 1
issues, so how much is bioavailable and are localg
relatively tolerant?

fitzroy

for fiver health




The importance of scale

* -

Spatial scale
Where to sample (splitting into smaller “regions”

to address some variability) Spatial variation in
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The importance of scale

e —— B
\-—_—-—-—-——w-
Temporal scale

« Data are not collected evenly through the year. e.g. sulfate samples across
the Fitzroy Basin compared to the hydrograph throughout the year at the
end of the Fitzroy River. Considerable variation in sampling effort over the
year Wi e — — -
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Ooh! It's game time again.

*
Activity 2: “Average Joe/]o test”

Step 3: Can you understand exactly what's been done?
(Note: it's okay if you don't!)

Step 4: Do you think your Nan and Pop would
understand what's been done? Your Mum and Dad?
How about your 17 year old neighbour? Does this

L]
A At A e \AIL'\I\ 1/~ VIl 1 V¥ =71 IAIf\If'\I‘f\j



(x - Benchmark)
(WCS - Benchmark)

Score =100 x 6.0 -

)

fitz

Where: x =sample result for the indicator pgrtnerggpy
Benchmark = water quality objective-orguideline for fiver healtt

M WCS = worst case scenario

e Once indicators are selected, need to work out
how to score them.

» Approach for Fitzroy Basin was developed
through reviewing a variety of international
programs and adapted the SEQ Healthy
Waterways method.

« Evaluates an observed value against and upper and
lower “expected” value (Bunn et al., 2010).

» Score given to the observed value then relates to its
position against the expected range.

« Each individual score provides an evaluation of
performance.

« Appropriate to drill down through an ecosystem
health index to individual scores.

e Normalisation to allow comhination and



Weighting/averaging
¥~_

« Okay, great! I've got heaps of scores.

« Combination approaches
e Median / mean / worst score / others?
* Apply weightings
« Ready to roll up (next!)

« What impacts on your decisions?
 Level of complexity
 Level of understanding of the system
e Data availability
 Relative importance of the indicators...



Relative importance of
indicators

*

» Giving more weight to environmental impacts

« Fitzroy Basin scores toxicants (metals/metalloids)
using the “worst score” across the toxicant indicators

« What else might this apply to? Pesticides? Cyanide?
BTEX?

« Which indicators are your MOST IMPORTANT
indicators?

fitzroy

for fiver health




Grading breakpoints

M

e Grading image (e.g. "“A to E” style, but there are
others)

e What's the difference between 32.9 and 33.1?

For the Fitzroy Basin, it's the difference between a D
and a C.

« But why should that difference be so much more
important than the difference between 32.8 and

3?0 Q?
67<B<99 33<C<67 0<D<33
B C D

Score (%)
results to the benefit of communicatigfeath-oead

Grade




Rolling it up
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From site to catchme & A
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Each reporting area contains  All results from these These scores are averaged Sample scores for These grades are then
numerous sites where samples (collected at by comparing the result to each indicator are averaged to determine
samples are collected each site) are scored defined thresholds in healthy  then averaged to an overall grade for each
throughout the year. against each and unhealthy ecosystems. determine an overall indicator for each
indicator, grade for each reporting area.

indicator for each site.
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An overall grade for each The category grades are Grades for each
reporting area is determined by determined by averaging the indicator are awarded
averaging the overall grades for overall grades for the by averaging scores for
each of the four ecosystem indicators within each each site that falls within
health categories. category. that reporting area.
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Grades for all 13 reporting areas (which are comprised of 11
catchments as well as Estuary and Marine) are averaged to
determine an overall grade for the Fotzroy Basin.

riverhealth.org.au




Game on.

M

Despite variety across reports, what's the one
thing we all have?

ACtIVlty 3: |ndi('21'nr Rinonl




Putting things together.

examples...

R ——
Guli
River
Repor
Card,
China
(IWC)
2009

10

Water quality

Why measure water quality?

+ Water cuality i & key compaonent of aquatic
ecnsystem cordition, and can be bath an indicator
a5 well a2 & cawse of poor haalth

« Muirient and poilutant levels can indicate the leely
cause and source of waler qualty dedine. and help
idenify sreas o be acddreosed by ranagerment actions

Wiater quality data is often already gathered a5 part
of exdsting monitoring programs, and there ae
often existing waier quality dandands

A critical problem with ronitoring water quakty,
honsver, i that mogt parametens vary sgrificantly
acoording to recent runalf histony: This must be
cordidensd when intergreting the data

What was measured?

Measurernenis were taken of:
+ chemical propesties, including dissched mygen,
conduciivity and pH
+ rulrient concenirations
toxkcands, such as heavy metak

What do the results show?

The strengest tenck: between indicatiors and levels of
disturbarce were for increasing pH and conductidty in
agrcLilural aess, and increasing rulrient concenlrations
angd decresdng caygen concentration: asocabad wih
urbanization

Wil wee amedcent acairnl exdiling Chineds water
quality standarcs in gererel chemical perarmetans were
ey good. Nutrent concenirations were eleated 2 8
number of shes, langely the resulk of elevated NH, and
MO, concenratians, particulady in mone urbanized
reaches This reaibed in orly moderate condiion scones
with resspect 1o this indicaton. Phosphons and heawy metal
concentrations were low at ol stog

Recommendations

Site scores for water quality

Water quality

o e
Tues

® Civia

s el

water
quality

Algae

Why measure algas?

* Algae (diatoms) are abundant in most streams
and repond rapidiy o changed conditions

They are refatively eany to sample, and thelr
tolerance to emdronmental conditions is known
fior rary species due to the wide distibuton of
marty lass

Algal abundarce (.9, measured & chiomophyll

concentration) and solopik sgratures can detect

reafrient enrichrment and nuirient sources

What was measured?

Benithic sigas were collected from rocky substrate
&l aach site, based on which the foliowing five algal
INECEINTE were Examined

= Chicviophyll a and flamentous slgas, which

mesire dgal abundance

- Buologacal Déatorm index (IBD) and Specific
Pobution Sensitmly Indes (IPS), which take
account of the tolerance of dfferent taxa o
dechining water qualty
mn enrichment in fllarmentous dgae wes wsed
1o indlicale |kefy rutrient enrichrment from
agriculture and untreated burman wastes
Benchmarks wene established based on intamational
litesrature.

What do the results show?

Al mdicators showed & resporse to urbanizaton

or agriculture, except for flamentous algae. 35N
values increased with the proporion of agriculiure
in the catchment, whide Chiorophy a concantrations
indicaied higher sigal abundances in urban
catchrments. Senctiity incices 180 and IPS both
declined strongly with urbanization

Ursurprisingly given the elevated nutrient
concertrations, algal indicatons scored poorly

&t marry sites This included both messues of
comrrurty structuee (B0 and 175) and elevated
AV ratios in ahgal tisswe samples, which suppons
the rok of hurnan oF arimal waste 0 ncreasng
niirogen enrichrment. This suggests that efforts io
reduce nutrient ke, through decresced whan and
agicultiral mnoff may imgeove dver health,

Site scores for diatoms

wockes  Site bocation
D L st
) Man gibusars

Trursk rresn

Indicator scores
& Pl -r"
|

biological | sigas
L]
F ]

Recommendations
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Chilika Lake 2012 Report Card f' r

Owerall, Chilika Lake scorad a '@' for ecosystam health i ] I

based on performance of water quality, fisheries, and biodiversity indices. e p e p
for nver health

The Loke as a whole displayed axcallam (&) dissolved oxypen cancentrations, waber clarity, tofal fshery catch and 0 T

iz, @nd banthic infaura diversity. The Lake failed, howeves, for total chioroghnyll concentrations [F), based an desired !;} BO-60%

conditions. O the ten indicators that wers assessed within water quality, isheries, and biodivarsity, 785 (Be] 0 the T G0-40%
Cantral Fona, followsd by 78% [B) in the Southem Zone, 71% [B) in the Outer Channal Zone, and 68% [B]) in tha - 4§
Morthem Zone, A braskdown ol thess indicators by zone s provided balow. ) an20%

G 2o

Northemn Zone

B/

Chilika Lake

displnysd suoellant Contral Zono =
remilts for Gehates,

R good walksr qguality
e O rt a r fwith the axcepton The Central Zone dispiayed
p , of total chlcrophyl], 3 excellent results for
end average fisherias, good wisler
biadiversity lasgely quaity fwith the
dua o an absance af axception of totsl
1 dolphin sighfings. chinrophyll, and
axcallant biodiversity
highlightad by bird
ol and rchress,
= dalphin abundanca,
Southern Zone ’E} el benthic infauna
y divarsity.

e

(IAN)

The Southern Zone
displayed awoallant

resudts for fishadas,
pood woter quality
ul'm;]“:r:m:;m' Tha Ouler Channel Zons
i i i ood resuits
hl'rlgud gmdbm:i»n-u|!.-|,- T::E—:L.u::m
ndrqnhildnb'r ﬂ:ﬂ:: guality {with tha
'ﬂh - nnd & axception of lotal
infauna diversty. s Wi
excellent biodiversity
highlighted By
axcalant dolphin
abundance and
phytoplankion diversity,

Thera’s mors to this story: Salinity

The four xones used in this Chilkn Lake Aepart Card are bassd mostly on salinity varations that ocour within tha Lake. Safinity in

tha Laka is driven by freshwater river Niow from tha north and west, and tidal saswater lroem the eest and scuth. This results ina
wafation of salinity in the Laks, from freshwater in tha norlh, brackish walars in the canter and south, and full saline walers 1o tha aast
around the islands and oulsr channal. The boundaries balween these Tones shift thioughout the year, driven by monsoonal raing and
sansonnl winds.

During tha 1000, sxsnsive sfistion in the Laka was limiting access 1o the saa, reducing tidal fiishing and decnaasing salinity Lo
such an axtent thal biodiversity declined and invasive aqualic weeds prolferaled. This had a highly negative impact on the Laka's
habitat for wildile and fishery resources. In 1382, it was included in the Montreux Rscond by Ramsar due 1o changs in the scological
characise |n 2000, CDA opened a new mouth io restons tha lake scosystam. This new opaning incraassd safinfies throughout

e Lake, vasily improving water quality, recovering lost habitat for imporiant species, enhancing fish resources, and contraling
invasie spacies. Laka salinity and connectivity to the Ssa ane now dossly monitored 1o ensurs that conditions do not relum to thoss
axperienced prior to 2000. The ake wos removed from the Montreux Recoed due to restoration of the lake ecosystem in 2002,



\___
Kura River Basin

Report Card,

Georgia, Armenia and :

Azerbaijan
(IAN)

WATER QIIAI.I'I'Y INDEX

!—m‘duﬂmmtmk" -

.
Thrnshold, 8 30 100
a2 mgL™ = g i smz

D DA I-L0ed

Summary: Suspended sediment showed a
highly vartable pattern, with medium-to-high
waluges In the northwestern (upper) parts

of the watershed and refathvely low values
downstream and in the Debed River basin in
Armenia.

Implicadons: High suspended sadimant
Impacts benthic freshwater habitats.

Summary: Biological ooygan demand values
were highest downstream of Thills), a5 well as
Im the Ciebead River basin,

Implicadoms: High blologial oxygen demand
Imlicates 3 large amount of organic material
(poflution).

Summary: Dissolved Inorganic nitrogan values
were highest in the Debed River In Armenia
and in the Kura River upstream of ThilisL
Implicadons: High nitrogan values can have
negative effects on freshwater ecosystams.

Summary: Dissolved Inorganic phosphorus
walues overall were refatively kow, with
redatively high vahees in the Diebed River in
Armenia.

Implicadons: Phosphorus ks considened the
miost imiting nutriant In freshwater systems
and when in ecess, will cause harmiul effects
o the ecosystem.

Summary: Copper was highly localized In the
K tsta—Khrami basin in Georgla and can be
attributed to proximity to two of the maost
active mining areas In the reglon.
Implicadons: Heavy metaks such as copper
acoumulate In the environment and can
negattvaly Impact fish and other wildlife.

Summary: Zinc was similar to copper in that
1t was highly localized near the sama mining
arazs In the Ktsia—Khrami basin in southern
Genrpla

Imphcadons: Haavy metats such as zinc
accumulate In the environment and can
negatvaly Impact fish and other wildife.

Besuies of the indiidual indicator parcantage
attainment show ¢ romge of results.

Inaiicator results were calculated Into threshold
attalnment scores, which were then combined
1t result In the Water Qualizy Inde

‘Water guality overall was worse upstream. A
combination of stressors in the upper basin
contributad to this—Inadequastedy treated
wastewatar, mining acthatiss, and agnioultural
mnaff Interestinghy, the singla sampling

site downstraam of the Shambkir reservolr
conststently retumed good resuits for every
Iinlicator. This suggests that sediments,
mutrients, and tolcants are being trapped in this
reservoln, Improving downstream water quality.
However, sediments in the reservodrs are oy
highly enriched with these poliutants, and cowld
caise future challenges.




Validation and review

e Combination of...

e Indicators
e Thresholds
e Scoring

e Weighting

Grading

...can result in very different end
products!

« How do you know you've got it
right?
« Expert opinion (e.g. independent
science panels)
» Regular review mechanisms

» International peer review (publishing
in research journals) - who's done

@ PLOS |one

RESEARCH ARTICLE

Developing a Social, Cultural and Economic
Report Card for a Regional Industrial Harbour
Sean Pascoe' *, Renae Tobin®, Jill Windle’, Toni Cannard', Nadine Marshal®,

Zobaidul Kabir’, Nicole Flint*

1 CSIRO Cceans and Atmosphere, Brisbane, Queenstand, Austrakia, 2 Centre for Sustainable Tropical
Fishenes and .ﬂqud(.‘ﬂ‘h.lrﬂ' and he ELIE!)Q of Marine and Environmental Scences, James Cook Ul\l\‘@rf-lly

Townsville, Quoensiand, Australia, 3 School of Business and Law, Central Queansiand Uriversiy,
Rockhampton, Queensland, Ausiraka, 4 CSIRO Land and Water, Townsville, Queensland, Australia

Contents lists available at ScienceDirect

Ecological Indicators

journal homepage: www.slsevier.com/locatelecolind

An Ecosystem Health Index for a large and variable river basin: @&.m\mk
Methodology, challenges and continuous improvement in

Queensland’s Fitzroy Basin

Nicole Flint*"*, John Rolfe®, Catherine E. Jones?®, Claire Sellens?, Nathan D. Johnston®,

Luke Ukkola®

* Centril Queensiand University, School of Medical ard Applied Sctences, Rockhamptan QLD 4702. Australia
* Central Queensiand Uiniversity, School of Business and Low, Rockhampeon (LD, 4702, Australia
* Fiezroy o ip for River Health, ), 4700, Ausrrolia

Freshwater Biology (2010), 55 (Suppl. 1), 223-240 doi:10.1111/}.1365-2427 2000.02375.x

Integration of science and monitoring of river ecosystem
health to guide investments in catchment protection and
rehabilitation

S. E. BUNN*, E. G. ABAL', M. ]J. SMITH', 5. C. CHOY?, C. S. FELLOWS*, B. D. HARCH",

M. ]J. KENNARD* AND F. SHELDON*

*Australian Rivers Institute, Griffith University, Nathan, Qld, Australia

*SEQ Healthy Waterways Partuership, Brisbane, Qld, Australia

'Environment Branch, Sunshine Coast Regional Council, QM, Australia

SQueensland Department of Ervironment and Resource Management, Long Pocket Laboratories, Tndooroopilly, Qld, Australia
“CSIRO Mathematical & Information Sciences, Long Pocket Laboratories, Indooroopilly, QId, Australia



Oh | know, that was exhausting.
Here's some music. And another
game.

(- fitzre
—_—
Activity 4: Choose your poison

Create either a Math Guru or Communication Guru

version representing an element of your repogsaa4a
metriCS. Data dial legend { s g

narmanant jaba

sanstruction




Discussion and Questions

* -

Is there a common set of indicators and could this be used for cross
initiative reporting?

IZroy

for fiver health

 Should we have a reference document that covers the various
options for metrics and scoring?

What are some of the emerging methods for report card scoring?
How often are these reviewed?

If we identify a need to change our metrics, how can this be done

smoothly and how do we communicate this to end users?

Has anyone changed indicators or grading methods after one or more
years?

What was the incentive / justification?
How did you manage communications?



