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is cocoas ales^ItsI^It e^^ tire impadof toadAssessing in resin. IrCe

Ihare is tilts to sin in ^ o1musstrimtin mural logonrce rin^I(NRM) nuts^. Sum o^ s
hilumred nadiraliamirce cm^ Id' mushyit over die last 20' ^81n to to^^e of WSWQ ad NHT, to link
be^n mm^enentactoitai^ (MATS) withinhanm o11^ ^s and ramree mmfui to^ (RCTs) 10-20

dyadbeeri wigu^Itrigorto^'In^^ItsyrrnkersofhammolNRMinresin^tyeartiinefrar^ has

OVE

Agr^nullalirxiirsti'tos ale abo keaito der^ hair onvimnuitsl co^flab gi^I hay onon bel to^ as tire
per^ad donvirmirmnjalhamiin80rrre de^ ^^to ' n^I adjad^ aid co^re mussin^tints^ axi

antahaUe

Thisp^roff^880rrreco^s ads^insto "ngr^s to^ion oritmto hanera^ char^ innchiml
ramrce withinrs that are win tile co^ cladustry arxi regimial NRM gin^ (tire to are ^ally re^ to as

IAu^).NRM Regiorial Bodies or ^^mmt

While we 81^est that mon' 'rg of re^roe corxiibori per sec will not be useful chin tire time hams and reamr^
availabb to rustgmips, hare ale a number o18p^^ that cal be adcoled that willBIP inform and am for re^r^

land subs^11naimlres^. 11ce amiton on^. Wes^I toe is a rob for coligh^on improved rim
h trits isomitorlr^ to be camd nut to establtsh bacolirre data at a ram of co^ (han sub co^rimts to bam)

ambatly tire resporisibilily of cousinnmt gymi^ win significont re^ dad ^lure ^ that a^^ to smaller
gnups.
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This discosioriis bib"^ ton or^^ galned as research schntists glady^ co^ I ^lainr in to ^n
Australia. We have hamvolved in denl^I and co^^in of anim^Ial ^^co trad^^ in don axi

pastors^^Isystonrs

Exper^roe fun to 'EMS Palways to sustain^ tofure for file cotton iixiustry ^I cystall^ much of this
discossbriwi^I we had to take file p^r^ toolyonto the real corki. TIE onvimnmtwe coeralein ts

byeimieva^ityin^andass^hydro^y.

Wentinewhynmiimir^ re^meandifuistoas^ jin^ of musshaitwilnmlhkdyr^ be ^jus. We ^It
ume aigunents as to why manag^tac^ aid atto^ can 81xishalld be usad tor^ure on91^. Whib co^
quality was chum as to foals o1 this witsimi(". Ir area of ex^toe or comm), hale ts 00 r^I wily to Ingic
presentsdwilrrota^Iytoohaebnmtsofcotsysimiftimmnsudias b^i^shyer coil^h.
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SU RY

Monitor^ in a ca^In^I Batting will ob^: vatability within and betw^I hydro^to eruits (hydroulto aixi
) aixi managenent libhydro^to drivers); ditto^ assadatsd with stale; naturel ^linert mum s (

with I'm^tin minin^ally vanade envirori, mmts.ex^Iydifulltoati^Ite
Therefore, monitoring o11,100t resinirce coriditoriindicolois is unlikdy to yield data that is u^11in toning^ing
change assodated withinrestrrmts.

mmt animities are unlikdy to have infras^re (^to man^It andRegi"Ial iesandcaldi, ^It
Id beanalysis) or realmy oftenure (oniniln^Ito to^co of coin ing)to su^I^ term mmfu^ that

anuiade to ^Bred aria^is.

Moriitorlng by to cornmwihy and its service organisations will only be sustainable (i. e. applied in the tollg term)if it is
useful in directly guiding acim -there has to be a continuoris and directlink betseri acfui and otservalimi.
Managerrent acboris can be robustly linked to resource colditions. The challenge is to develop these relationships to
a pointwhere they are accepted by allstakehdders.
Models help SIruduie data and expertise, and allow us to extrapdate cor understanding to conditions beyond the
limited conditions experienced in research studies. They are an essential tool in NRM but should not be taken merelly.
Since people manage the system, their knowledge, intentions and attitudes are control to managerrent. Therefore,
knowle^e, interims, alibides aixi behaviourshm. 11d be rrronitored as paddany evaluatori pluscos.
A range of approadies is required to delmnstr'ale value of NRM invesinent incliiding; randmn, stratified, and a
postermsurveys, reforerice benchnarks, seminal sites, relrote sensing and case studies.
Moriitofing of resource conditions lanein essential as 'points of truth' and as reality chadcs then colibratir^ 1110^Is.
There is a caseforbig term munchr^ (d^^s)within agedire and commit^organisational^ing.

4.

5.

6.

7
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I"TRODUCTIO"3.0

After onskier^ mussinmt in NRM, sorire ^neis suggest that there is me to BIW in torus of innored narural
neonrce omitsri. In the language o1 NAPSWQ and NHT, the link hamam rimagenent achn targets (MATS) with
flushames o11-5 years and resinirce onom targets (RCTs) with 10-20 year finefrarnes has appamtiy rid haen made
with s ' ntrigorto collvince all stake^ders o111re vali^ o1 public investinnlin NRM. It sears a reasonable ex^ton
that signihaantPIiblicmusstrnentshinild be chleto in^ jusibve charges.

This dadssiori paper cotiines why it is dimttor unrealistic 10 expcolfrie oninediori b^n MATS and RCTs to be made.
We also plusert some argunrents as to why knowl^, antiides and managerrent actions sinnld be ucod to measure
progress.

3.1

Agtiailtural and NRM organisatioris have been explorlr^ the use of environmental performance indicators forthe past decade.
Sore key mobva^Is forthereadibindicalors indude:

. Accountability forsdence, atensioriandlandusepractice;

. Assessing coldm"landresporisiveriessolva'busebmantsoftrielarxisca totalgetin

. Supporbngdemaridforimpiovedfarmman meritandinvesinientdecisions;

. Baldimarkir^inari rentacborisandresoLircecoriditions;

. Measuring individual andomnmunityknowbdge(e. g. changes in knowiedge, attodes, ski ,aspirations, practice);

. Adherencetonainalandgbbalpolides(e. g. Kyotogrconhouseprolocds);

. Striving forexcellenceandNRMstewardship.

IFWE ITORRESOLIRCEco"oninS, WHATAREWESEEl"G?3.2

It hallis to be dear atolllwlialto exped if we monitor. In this discussion, hydrology and water quality data from catchment
sindies in southern Queensland are used to demonstrate possible columns from a monitoring program. This data was

collected as part of a research program over 20 years; a situation o1 relative luxury in toms of data rldiness and
cornpleteriess.

Assuming that netsurenrents are aca. Irale, an observation or Ineasurenent will produce retiable results dLie to

. Sampling errorwiihinaneventoraiea;

. Naruralvar^massod^dimnecher;

. Scaleorl^mintriecoldinrent;

. Changeassodatodwifriland useandman email(the pyroosemaln 61nnnitoting in this papersomtext).

Furttierdisaiss' of thuseerrors and impactsfolbus.

I. Sampling error-the sample conecled is often too small to be representative of the langer unit o1interest, especially
if spam'al orlonporal variation is naturally high.

WHY"01.1TOR?

natural solutions
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Most I*Iysical var^^ used to deschbe to onvimnent orhibit high spatialIy internporally withinty. For erampb, a sdl
sample of 0.1 kg, even ifreplicotsd several fines may wire^It even one hadaie. F^re I alms the vataim in
salinerit coneanhabon within a runof everit over 25 hauls. A sample coltsctsd randomly dull^ this avail cullld provide a
swineit colontrafon wire of ha^I 4 and 17 kg ms. Sampbs cdb^ at the beginning of the e^It nulld 910^Iy
overestimate total codinmt bad chile samples taken later in the event could underestimate toads. In this case, dinenices
due to man mmlrreed to be much greatsr than tireco dittorences to damstr'ale chang^ as^led win changed
management.

natural solutions
^,^...-

Flywel

O, .",* my, .. I "
,"I

Hydro!greph and Sed"^, t Conco, "ati", DIMi^ a 25 I^, r RUMffEUe"t from a I in
Coma"Bay Catch^, t "ate vatstto"in Sad"reltCon^,"'aim Orerline. IF, eebaim

2. Natural vatation associated with weather - a climate which has large vataltoris in rainfall patterns and intons
results in equally variable and unpredictable runoff, erosion and water quality.

andW

Some degrading processes ale highly episodic, being dimen by omen^ in weather(wet, dry, hat, cold). To demonstrate this
vanability, average erosion rates measured for anserutive 3 year periods varied from 1478 thatyear for a small catchment
study on the Darling Downs (Figure 2). Over a 14 year period 81 mintsll events resulted in runoflwith 556 t ha. I of soil
movement. Mole than 70% of this erosion resuited from just six rainfall events (Wad(rer and Freebaim, 1990). Even than
management impacts ale large, it is dimcultto detect wiener a change in erosion was due to ina errieiit or chance unless
a side by side comparison can be arranged, similarto research studies.

mar, 7986b)
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Examre Va, ^bMty", Erosion Rates E^,, rim@bin"^t"as Co^"t(W"by
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At the larger coldinent scale, stream flows are equaly uniable (Figure 3). Many streams in northern Australia have very low
flows for greater than 70% of the time! This in itself makes sampling dmain, and interpret^ of collected samples

challenging. It is easy to jin ine wily a sampling regime based on fixed dates might miss to main hydrolngic events,
sampling arehas o110wfbwsbyeamord^^(F 003).

20

o
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- hydrdogy, erosion arxisedima'It transport are strongly innusnced by scale or cold'linent size.

As catchment area ing'eases, the impart of managerrent declines. Storage in the system, fine I and dilution result in
attenuation of managerrent impads. Dilutton rotors to the managed area being a small proporliori of the calchrrrent. For

example, changing 2% o1 a catchment 10 a new prance that reduces erosiori by 50%, in an envimyiinent with a natural

3. Scaleand

DBdy'stream"fowl^'"ieC"^, mine RinatClti, ,chitone, t(,"7-
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006^It of ' ' in nitroffaadaminoi>7096 mmnsthat anydiar^es in water quality dustomrsstrraitare unlikdyto
be seen atto catchingIt coats where this di e ' ht be in to order o11% (0.5 *0.02 ^0.00.

Figure 4 shows a PIich rustic o1caldirrmls torii ha to I minim ha. Smallcaldinents (< 50 ha)10s^rxis to ramllin < I
hour, chile large Galai nts take ks to multis for a flow econtto pass. This variation in coldin^Irespoirse time make
sampling dingitt, after being too fastto capti. Ire samples or too gadiged to coltsd repi^Itslive coin^. In ther cose,
sampbs need to be taker thronglmit aleventto prov^e a reliable estinele o1tobl toad.

At the paddot* scale, managerrutimpads are corerally cbar chits tile sub co^Iran or co^Innlhas a range o11arid
mob^I*^^rususes, inari^lient pracl^, wilty^s, bycore^y and e^n dimalrs. F^e 5 shaws ha di

and nitrogeri in runoff rotor for three sires of co^Innit on to eastern Darling Doam. As orp^d, chari^ in scob
throngh several orders of inagriittide (factors of joy resultin charigts dissdved nutrients o1atleasttwo orders of magnitude.
Therefore any sampling reginre needs to be designed to minimise impacts o1scale unless this is the qLi^toll being explored.

It would be naive to exped that changes at a p codt or farm scale might be ratecled even attire sub coldirnent scale
unless very large parts of the catchmentwere subjadto change.

natural solutions
^^^...-

Cont", r

Fly"re4

Paddock

From Its to I rim lia Catching, ts. MIS in"GE of Scales Poses Chatsi!ges in"
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un gaga*

.$1

ribb

Fig, e 6 shows a relationship between salcover and sadrmnt oniontratoi from a set of 41n catchmcots chidi
were monitored minsively for >10 years, Eren tierigh hare is a dear relationship bets^I cover and adj I

conceritr'amon, there is stillsignificant variation attrimted to dimailhyd^ngic " s, and char PIiysicol^s such as
roughness, storage and soil moisture. Similar relationships have been tollixi for many other catch, rent and ninjall simulator
sitidies, and this relatiorrship is similar to that used in to Universal Soil Loss Equation (Wigdiirre^ and Smith, 1978), a

modelusedexlensivelyinthe USAforall^bonofNRMre^Ir^.

Practice change ncods to be recorded at the scale oldiaige, whether this be pad^ orfarm coats, and results cogingated

up to any higher level. Changes in an environmental rollie (e. g. water quality) can be deduced by simple madels or

relationships (Ranay eta1, 2005, see Ap^^fur I)

*,

.

kiln
gain

I^0. *,~"^*
0.0, e. g"'
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DEALl"G HVARIABILITY4.0

While re^Ice ondims may be intrinsically win^, inkir^ attouton oldier^ ^ withinreshant d^alit, the
Idbwing case sinidy prov^es an etample of wine char^e in mangenrent at a range o18cal^ ^I be usd to inter win

cog. 1/16d.un^ricefriatdi^ehas in

We use soil erosion and corer quality as an oralri^e of a luser1100 condition that can be omitored in a number of ways.
Erosion has been used as it is an area whale we have todinicalexpertise, and also b^^ it is or^ o1ha rum challenging
NRM icones we deal with.

4.1

We know fun re^Idi studies, that "'^e are good letsmmhips be^n on^rillxi coldins (coil cover), errsimi arxi
water quality. Soil cover can be netsured reliably using a range of copyoadies, but soil cover also var^s win cocoon, amp,
and man orient. Changes due to managenuit(in or grazing) can be large, arxi are o18imilar inagriibide to those that
coalr through fine in any system. Therefore Imjinirg of cover in itself can be dimll. The issue of imporal arxi spatial

cover coridit^us dimr^ high risk ^^s. Weto estimate their avanability can be dealt with by asking land inari
estimate that rafterIs their intents and likely on 9100nd nutcornes. This processcan assume they can 1.0vide an a

seems rather subjadive, unreliable esfimatss can be achieved using b'dried surveyors. This pr^s is similarto that used in
polling people's altitudes in a wide range of topics indading political intentions, which have proven rel^Me within knomi

ACASEsrtmYu"K", G

natural solutions

errors.

One slop removed from land manager surveys is to relate cropping, fill e or grazing practice to cover using established
relationships such as piesa'lied in Table I. For example, cover in a dinel storm period under a wintor dop - 00 fillfallon
system nulld be >80%, and <15% chanthesdlis tilled ressively. Thus we can simply askwhalapproadies to till or
grazing are adopted.

"TTOARE^IRCE

Estimate of cover can be derived for an industry or legion by recording mage implernent sales (Fig, e 7). While this might
seem to be a 10/19 set o100/1nadions (fill sales - cover - erosion), re are dose to chainre land manager is thinking and
doing. This linkage can be convened to a quantitative change in erosion orwater qualky through the coplicolion o18imple hilt
wellsupporled relatioriships from recordisttidies in file literature such as shorn in F' 8.

.
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A schematic of how these data sources are linked is sham in Figure 9. TIE rationale ts; erosion rates and water quality are
ctosely linked to soil cover. Till piact^ directly influence soil cover. Therefore, tiringe sales ale an indirect but robust
measure o1practice, soil cover, and re^kit amin.

EXPECTEDSOILCOVERDIRl"GTHECRmCALSU", ERPERIOD(OCTOBER-,, ARCH)FORARA"GEOF
CROPA"DTiLLAGEMA"AGE"ErnoPrro"s(FREEBAiR"MDKi"G, 3).
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^,"aim'Link"^ F^d 06^"mon, maya"d "^^'^e Sales to Erosto" Rist
Assesg"e"t Pad^DC'k Assesgin"t Refers to SI, ,rey"^ Erosion After EUe^ I^torn as
kitsa"dS"to^@sits in Cad rCliam, ets), aadEstmmi, gS@ileum Ms, ,any;. "into"er
588, ,d, ,ds

,,"by, """".

Cordonvey

An advan e o1 using a range of indicators, all foalsing on erostori and water quality in this case, is that hare are guml
inn es betseri practice and enviuinentalrisk, and there are a number of ways o1 collecting arxi using data. More
importanty, land inari ers can easily ampere dinent and proposed pramc^ at a level chidiis mmnir^fill to tiem (i. e.
there is 00 need for any complex trans^'maims or models to provide adjble explanafuis). Will policy makers be equally
accomrnedating and pingmatic?

End. .

rin,

4.2

10but
60Sue,

fobiade 80

,,"

^,..
I

I

^", b

Co, e%

As part of a Ixojed 'EMS Padreys to SIIstainable Agriailfure for the Cotton lndustrf a workbook for Assessing
Environrmntal Performance Indicanrs was dovebped with the view trialsoil cover nulld be a usefulirxiicalor o180il stahility

and water quality. Issues that evolved chantsstirg with growers and industry supportstalfwa'e:

SUE REFLEerlO, ,SES

Coverts notrequiied in irrigated systorrrs with tow ski^s where cover can jin^e corer to;
While erosion from storm rain may not be the main soilissue in irrigated systems, inari mmt of water flows to
muted infrastructure and reducesedirrmtr^rent durlng irrigafui ^ more jin^rent
It was dmain to estimate an average corer for any partialjar situation ^ause o1 seami, rotation and

o111 lobesOSi after all!vanability. A simple coli""to of soil co^

TMCorERunHG^ERSUSl"GAM"rune^"^A.

The Cotton BMP plus^ adopted 'erosion risk is ideriti^ and managed' and '^in of erosion aid water managerrent
plan' as indinalors of best practice. This coproadi 8110wihirers to rate hair co^^I o111^ hatsam (see I^on).
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SI: EROSio"RISKis ,rr IDA"DMA"AGED
Erosion and soil coverts typically most important for dryland crops on sloping areas. Erosion can occur at any time of
year. but summer is a period of higher, isk
S2 below may be more relevant for jingaled crops
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S2 focuses on lingaled crops and dryland crops on moodplains.
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These grinips of practices are less constrained than a simple estimate of cover and better accomrriodale a set o1intentioris
and broad padres.
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4.3
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Cuts
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This paper has foolsed on using cover and til e to estimate erosion and water quality to dellmstrale a nuni^ o100ys to
assess changes in resource condition. We have indicated that this type oldala can be collected in different ways. TIE
fallowing ale suggestions on other approadies to collecting data that can be used to assess impact.
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SIIneys4.3. I

Catdirruitrnenagers, informad ^opbor tile^^alummunitycan be surveyadto ask them atnuthairp^cos, at^
and aspirefuis. Thuse surveys can be gyrobto, in, shabhad, alitw, 'or aposterin, 'quadatvem'quan^re. SIIrreys
can askpeopbaboulfrieirpr^^, krm^ge, sthLts, shibarxias^aims(^rindl'share^Iy).

Inputs can be omitored in Gone cases as a treasure @1thpm of a parb^11artediriology. Forexample, Luremeseed sales
will be curelatod chestsblishrnenlolpeminial pastures that may have NRM ontomes SI^I as re^cod ^p drain e and
salinily risk. Fertilizer sales arxi export of nutrients at a regional scale can be used to assess nutrient balance at a range of
scales han form to region or nani.

It is SI^g^led that ifa survey is used to as^s '09/6ss in NRM that a shati^ random design be used that has a tolance
of questions cotsi^ing amdice and chime. airreys sinld be deliwed by a trained person (in ^rsmi), rather than mail
out erueb based.

ReadeSensing4.3.2

With devdopments in ledinology, some parerrreters may be observed rernntely. For erample, exlent of natural vegetation can
be dejected by satellite jin ry with cone on^rollrxi testing. Soil cover may similarly be measured. A willside o1renrote
sensing is the poor onin^lion between the land ren r and the variable being masured, and may deale a sense of 'spy
in the sky which is unlikely to be conducive to collaborative adjori.

natural solutions
^^^^..-

Gnui, grim. nt. I con. ult. ni.

Sentinelor Ratererice Sites4.3.3

Sites can be established to represent a larger part o1 to landscape, where recource condtions are minim^ to a) detest
changes under a range of pressures (similarto the 'cariary in the coal mine') or by act as relbmnce sites for cornparlsori with
areas inari ed dittoientiy. Such sites may require s' nineantinveslrrentinitia"y hilt provide handimarks for a wide range of
envimirr^toldianges, and as demonstration and educational settings.

Case Studies4.3.4

Case shidies refer to an analysis and doerinmtatiori of realme examples of a range of o1/10riences. They can be dealed
quid(Iy, cover a wide range of situations but SIIforfi'on being qualilatire in terms of interpretaliori. A good case study is a mix
of land manager practice and sderice to explain sure o1 the responses and has a sense of story telling, an important
communication mode espedally in NRM which iequires a blend of social and ledinical oniont A good example of case
studies is avdlable on htlp://WWW. landwalerwool. gov. ulproduclslpk050950. The Land Water and Wool program developed
10 case SLidies on coolgrowers managing rivers, streams and creeks as part of their overall farming syslem. The case
studies were designed for use attold days and nutsl^.

LongTerm anim^4.3.5

Monitoring of resource amdinons (inputs, ulmus and system stains) is an essential part of waderslanding Idalioriships
betsen inari rent and onvironnental and btopliysical ^normnce, especially in a variable dimate. These 'points of
truth' desq'its part of the realworld and colas realky checks for models. Currantly there are very few Iorig term sites that are

managed with a view of being retained infoib. Im. Tierslbie we are dependent on a small set of relatively dejailed process
sinidies orresearch sites that typically have < 10 yeartenuies.
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There is a case for long term minimring. Currenty it appears to be a responsibility that 00 organisation is keen to take on
because of Ile perception trialsuch sites have high costs and diminishing sodalretums with time. This bads to an ingeasing
reliance on models, and is an issire that deserves more disa. Issinn.

Adaptive ,, ariagerrienl "Id Monitoring4.3.6

Moriitoting integrated with manageinentis often termed adaptive management. Managerrentis adaptive when man ement
actions are measured and evaluated before and alerthey occur and the resulting information is then used to refine the next
round of management questions. Cerisequeritiy, adaptive managerrent can be thought of as a hybrid between pyro reseaid'I
and seat^I-thepants managenuit Within this system, monitoring is incorporated to collect data that will gauge the relative
success of the managerrent actions. The key is to condud monitoring s^dfically to adapt managenmt, railrer than
moriitoting simply to build an information database.

'The long-term success of ecologicalIy-sensitive development and management is dependent on mm our ability to learn and
adapt from our past successes and failures, and our willingness to try novel approaches to ... management. Such adaptive
management is an ongoing PIL, was that is refined overtimewith accumulated knowledge and continualleamir^ ...'

The goal of adaptive management is notleaming for learning's sake. The goal of adaptive management is exac"y the sane
as that of the management adjon itself(i. e. changing habitatorwildlite populations in some way). The subtiety is that adaptive
management actively incorporates toedbadt and learning into the process so trial you learn from your managerrent acornis
and can better and more quickly adjust those actions over time. Under adaptive management, monitoting is conducted to
improve your management, riot to simply gather information aboutlhe slams of your animal populations.

natural solutions

'When you have got very little data one of the muslinteresting things about wingy and applied ecology is the idea that we
can manage the system to learn things foster. So if we don't understand whatis going on with soil heath', maybe we can
manage the system to learn some of those parameters faster through changing grazing or dopping pradices experimentalIy
at a large spatial scale. This will incur a inari errrent cost in the short term but may lead to better predictive models in the
long term which means better managerrent. Ultimately whatis the price we are willing to pay to have more understanding of a
system and better predictive models?. We call that active adaptive management, and probably the only prosped in this
country of our getting better natural resource management understanding is that we deliberately manipulate the system but
riot just to get profits and gains. We manipulate these largescale systems to maximise the rate of information gain.
IJ Gaden pers. coinm. 2008)

Research4.3.7

When the relationship between management and NRM outcomes is poorly understood, there is a case for carrying out
investigations to better define biophysical processes. The relationships proposed to support moriitoting of water quality
descrlbed in this paper have come from detailed and in some cases long term research studies, Technology development
may be required to better manage systems where corrent solutions are either impractical or uneconomic. No amount of
monitoting will help better manage a system if the basic processes are riot well understood or the nreans to manage them is
riot available.

Targeting Key Assets4.3.8

A complimentary approach to NRM investment is the identification of key assets that require protecting, and foulsing on
management options that provide the bestretum on investment forthese assets Panne11(2008) descrlbes an approadithat
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requires toI^in of pu^ic at pits a^, "^r they are tocol or ds^, and han co^tos a ^sion toe

towards^^in^ronins.fra

ComparisonofAsses^in tints4.3.9

The ^fowl'r^ table is a summary o1advanla^s aid disadvantages of a range of ap"Dad^ to ass^sing changes in water
qualhy, amrdir^Iyd'hairechy.

TABLE2
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natural solutions
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research)
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Sad-sinefured, ampb urn net
now uub. gives best picone of ' in
null var^ally aid told to^.
vane to gangirig site
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to cocois, g^picoiieo1w^in omit
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Simple, urrstruchired, gires a qui^ vi"
o1.11alis dittoe
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e^Id
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diedve
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Assi"rip, tons:
When samples are collected, the condition of the catchrnentis knewi and recordad i. e. ask where is tile water coming from?

in an
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^bit to lean, ce, can't
Gsmateballs
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S EQUESTIO"STOCO"SIDER

ARE WE UKELY To BE ABLE To MEAsinE RESOURCE Conmrioirs MD DETECT CM"GES DIE To
thus Errr?

term data on errston fun 100 difuentA synthetic data set is used to dabrmirre what might happen if we had
managenuit PEG^ on iderifical pad^s or catshrirents Fig"e " share a time co^ milo year running mans
colonlatedfortlret"o land uses. The mumn errsnt prance redLi^ erosion by20%, a re^Ichbot^^ orerany
go^lib moron

5.0

5.1

Theqirestioriweasked of this datawas-chataretl^d^^o181mir^this change namimiw^ omitomd?

go

Soll orc. 10n/Water quality
<. 0 y. .r, unnb, g me. n>

natural solutions

F^, re 70

In summary, there would be a 23% charice of'observing' greater erosion using long term 0950-2003) as a benchmark, even
hangh there was 20% dedine. Ifwe used last 30 years as benchmark, this inoreased to 40% hacause this period was wetter
than the hagerterm rean.

rims^, 95^ioniigT joycorRwmhy
Re^esartsa2@%Rat, eti@,,", Erosin,

It is unlikely that us would be able to support a monitoring program that has the rigor to maintain methoddogy, archive data
and interpret the data in such namral vatability. This analysis does question the validity of collecting samples of water for
analysis unless these observations can be putinto context. Such analysis is riot trivial.

.

An example closer to home might be more tangible. Consider whatcondusions we might make ifwe had haen sampling water
quality over the last 10 years' Tie last five years would inst likely show that erosim'I has declined dramatically, as has runoff!
The recent drorightwould bias Ile results conskierably.

LSI"ASSESSl"GC"A, IGE?5.2 W, IATISTHE ROLEOF

Models are regularly used in NRM research and develop, rent yet there ale conflicting views about their validity as tools to
support planning and evaluation. Much of this mistrust corries from their lad( of transparency and the focilhal madds are
used by a smallgroup of spedaltsts. What yori don't understand you don't trust.

"sofEmsin, "be the@^"Line

Models can be simple or complex, the simpler the better(see comments below). Models help strudure data and extrapolale
our understanding beyond limited conditions we have rrreasured. Figire 6 is an example of a meI showing the relattonship
between soilcover and erosion while Figure 8 is an application o11hat, melto estimate changes in erosion over 30 years'
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altowustoarialyseco"easp^tsofprodt^ladnaml, ^roe^^that^Its at^an
rayon o1^jusntafuito""^aahastou^^of^^. By "tradi^^i^.

gained fulmariy ulperinmts aid using big win coats re^, ^mat" con be dullatis I^dytok

hap^linchuaivimiir^13.8dt^adjmms. M^^pushiriktringhwiiataeha, net^^tom^in
asysbm ^litreywi, amysbe had^to hare^ co ^1'1krmere^ling amifun to^lad^^. M^ do
netinwitmm^;hay cogwiintsgre^axi^to emu^.

To add amre batonco,

Von coll use altoquaittabredata yinicalget, ^. It yinistillhavetodtsbLrst it and use ^Ironii^I^ axi'
Aim Tomer

Ty^11ym^tsconbea^todull^aim rrmim^ orgyrreys.

5.3 CUTIEO, ,EUneATORBEusEDATUFFERE"T^ELSOFScoLE?

Muslindicoto, s can be aggregated 81 the legioriallevel, BUT, hare are tow good letsons wily an irxiicotor shalld be
ragatod up or cocos regioris. As scale dialges, to atomce 81xiof an irxiical"' may also char^. fuiy ore ind^

may have a di^ntresporrse sire^ do^xiir^ on die Iarxi use sys^I. For cyanpb, mm hat^ use rilld be
amberco POSilvefucosimionto, ^linegativefor^ rests^^arxi^torquality.

are never corred hillthey and^ usful. firey emu net be tokernerally.

natural solutions
^^....-

5.4 inCMWEAG^EGATEQ^ESATP ORFAR"^ALEllPTOACAT

There are tow sin. bins in to foam that go be^Id small p^ or co^mmts^ in tone of ^musha^ netsr qiality
usperl^ to laid use or inari^^It aad such in^ms are ^^Iy ^Ito simulation am^is. are only a

re^jam dieality, ^11 dim are tile only way can nut things to^ in a realtshafine from aad cost. Ramyat 81.
(2006) pro^galasj basisf"'addiir^simianal^estothe8ubcojdine, 100^using a^jamoj^hala^

6, GIS aid focal ayerbse to as^s char^ in corerBudi as sham in F'Immlling, sinnb corer qiahy

qualhy and salinent ddivery alto co^I'Mtscale (Figne 10 a arxi b). Figyre Its share fuse parts @1the co^nut
oninhiitir^ the most adjrrml, and atso wine mustrrrent in^ht be ^ to jin^ore co^ quality. A chi^ o1

RAPUPis"^Itsdin^,.

mmf.

Suspended sediment- 9000 tonnes/yr

Flywe 77
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The challenge is to corner1state char^us in onvimnentalperfumerroe hat'^ man^at char^ due to mrsstrnerit
andarenotcoifunded by vataimiduetosamplii^error, mural vatalimdueto^Hors^.

ERUDELS, ,Li, LR?5.5 ARE oErAiLED

Combx sdutoris are rid always the best sdufori, as ptsxity Games many overtieads. Wad ( ) desuibed the
simpl^ cycle (Fig"e 12) wirere in amie coses adding cornglexily makes things less useful. There ale many exampbs in
industry there, as todinetogy has reinred, to pore^ or equipnrentis sim^r, more reli^ aad d^I. We ncod to be
always asking to qussttori: chidi pmce of his complex Byshi callrerrrove than aff^ing perima^? Tadinchgy

tintsr further dove^MIS ale leading to musad am^ity gad dimintsh'shalld be dimlly rotswi to
returns to

a

natural solutions

,\

^^.....

^,.

I

I^

I'^:^,-
<1^.../

F@,,, e 72

ORi"GnuYRESouRCEco"Drrio, ,I"incATORS?5.6 ISIT ORTH

The points presented above support the proposition that MATS are reasurable and can be linked to RCTs with reasonable
confidence. RCTs should be monitored as reality chad(s hilt more importanty to inform and relerence a ra'19e of models that
can be used 10 translate MATS to RCTs. It needs to be relnembered that many RCTs, especially those suggested by technical

specialtsts require special skills and resinirces, and often do not have meaning to inari eis wlio manage to land arxi water
resorirces.

^.

BSS

Ihe^"^lie^^, bychiWard

Models allow us to put best betinformation together, relating changed practices to improved envi, on rental performance, am
everilually to end of valley outcorries. Wheri madels ale used for this purpose. they need points of truth, and spedal effort
needs to applied to make these models more transparent and oralible. The UsLE is used mumely in tile Us to determine a
wide range o1 governnrent support, reasures, and as such has taken on the marine of being the undispLited opinion on many
soil erosion issues. This model was the produd of approximately 10,000 plots years of data, and thus has a sdid database
which builds its dadbility in that setting.

Hows, IOULDi"incATORSBEOEVELOPED?5.7

Development of a purposeful proness of continualrefinement (throngh questioning and learning), which brings together (and
explores the interactions between) produdion, resource economics and people, is central to the philosophy of diedive
indicators of pertormance. A challenge is to develop a framework or proness where local and regional group indicators can be
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aggregatsd up to levels required for policy analysis stabb ad namalle^s. Tha rustim rimt onomal tssire is that
orcommunhybeinvdvedin, and ^Binfornanyiridtoatordere^t.land mm

5.8 AREl"OreATORSDrvELOPEDBYF"^RS^SE"un"?

Scion^c 11thod generally diets^ trialsderitisls have to nut numbers to rerlablco. Thts dim r^uires on^ that set nut
quality controland re^Iitya'itcha. Forexampb, masurenmts of soilinganiccar^Irequiiess^Itsad am^us,

often in analitod labor^, Gum thonghspatial mmbilkyalleyuire manysam^sto be analy^ ham onince

can be placed onto 'animle' monsurerriont We have witrns^ a former showing his neigh cobur pilotos o100^
running of his farmfromMostams, whale to land had bean rne d^tidy. Ore SII^ muddywabrleavir^ a bare

fallow pad^, tile other dean cola'having his strip gop layout. There was rot doubtin thefunerand^Ice that

what was being sham (water cobur or tobidity) was valid, and 00 fond the mumhaim had more jin^d than an
animlelyI^ural'sadimeriton^It'am'in units o119 L-I.

It appeals that sdentisls often to that former covebped indicators may be less valid then friars. Our experience is that we

have seeri both fa'^ and sdentists regarding eadiothers assumptions and methods with soe^sin. Time co^ 00
good reason wily hmmrs' observalioris and deductions would be any to^ rigorous than coientists, copedally giverI that
toners are in a position to have tidi and animuoiis observations as their primary data. Earl'I group has its mm set of

standards and perceptions aboutwliat ach. Ially ropesents ', igorous'.

natural solutions

5.9 ATTRIBUTESOFGooDE"viRo, ", ErrrALPERF EMUCATORS

Envimyin^toI performance indicators should be Idevant, practical and measureble at the farm and catchnuit scale.
Ammites shinild be:

Relevant aid useful- a key aimbule of an indicatoris that itshould be direcUy relevantto to land manager, to ensure
hare is a pathway from the observation to in rnent action and vice versa. An irxiicalor shojild provide guidance
on how a neonrcecan be better man

Pmdical- indicators ale considered PIactsalifti'joy are riot experisive to measure and data is easy to analyse.
Reliable - indudes the todinical and sden^c value o111re indicator and its ability to provide sdentifoally valid results
chid'I can be easily Ile^ural and interpreted allhe farm torel. Tiers needs to be balance between whatis ideal for
ledinical(scientific)interpretstiori and what a land man or can nunsure.

Coinplinrentary - how the indtoalor aimlates with existing environmontal, comumic and sodalindicators and
dectsion making. The mole uses an indicatorcan be put to, the mule likely it will be used endently.
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7.0 APPE"DIX I

MPU

Scope
Subcalchment grinips are seeking processes to
amwthemto

. phallusewlierethey shadd place their
nammlre^Irceinne^lients

. assessthe impacts of anyactions they
mulement.

While a range of complex models are available
(snOh as SWAT, SEDNEr E SS, 2CSatt,

aturalResourcesand stet
a

41n~1.1.

bolt.

natural solutions

and many more they reqiire spedaist expertise to
operate. They a so o on deal", I onlyone issue at

tan,

a time (e g water quamty orsalmity orbiodiversity)
The RiskAsse^lent, Prioritisabon and
Understanding Process (RAPUP usesloca and
expert lciowiedge and readly available GIS
techndogy to strudure decision making around
prion, es It anGWS subealehmenlgoups to assess
the Impacts of theiraclioris andto understand and
visualise that Is happening in theirlocal catchment

etherIs and processes
After an initial forayinto high-technology models
and several visas with catchment goups, It became
clearthatwe needed a simple tame"rk for
suncbimigorie process o16aldimenlpriorldsabm,
riskassessrneriland innad assessment

A1atwaslmomiabouttheHodgsmiCreek
catchment on the Darting Duns includiig existing
nanralresource plans and newere able to Mild on
that existing muledge Avalable spatial data were
combined and a table o1^torbabnce and erosion
values taralpossible land use and land
managerlienlcomblnationswas generated. (We
usedthe Hateaky?plugam ^I anymode! or
expertassessmentprognm could be used. )

These data were used to explorettie location and
extentofvariouseroslon, do drainage and
biodiversity mileomes under tirei^t scenariosfor
land use and management.

it's

Foreiiample oneqiiesUoriaskedwas. alumld
nettle change in waterqia train land with more
han 6% dope and shallowsoils dial are curen"y
being cropped was converted topashire? The
Implications forthe catchmentrere assessed by
measiiririg the propertm of sediment tile to co^
halleaches the end of the catchment.

RAPUP also includes a process for community
engagement and Mophy^colanalysis

Results and achievements
The RAPUP process has been prided in the Felton
valley, a SIIb-catchiirenlofHodgson Creekon the
Darting Downs. Readyavadable skills (within
redonalbodies)andGIS. so leanddata Ia^rs
were used Enriching data byers such as land
management wereacqiiredfi'cribnduse maps
and local muled^, chich created a benchmark
data layer forthe local subealchmenlgrmip.
The approach rs sirnple transparent and
manageable within the resources of regional
planning groups
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