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Preamble
This discussion paper was prepared under a contract with the National Land and Water
Resources Audit 2, in fulfilment of the following agreed aims:

Outcomes

A consistent approach to monitoring land and water resource condition across Australia.

Outputs

A concise report for the National Land and Water Resources Audit that provides a strategy for
monitoring the condition of Australia’ s land and water resources. The strategy will:
- takeaccount of existing technical and resource management programs,

- ensure an integrated approach that balances measurement, modelling and mapping;
- consider the feasibility of tracking change in key natural resource attributes,

- comment on the need for long term monitoring based on sites, catchments, or broader
landscape units;

- recommend areas and issues to incorporate into atrial program; and

- bealigned with the monitoring and eval uation framework being developed by the
Monitoring and Evaluation Working Group (working within the Natural Resource
Management Ministerial Council directions).

A discussion paper

Natural resource management issues are complex, and the monitoring requirements many and
varied, and subject to changing priorities with changing community attitudes and political
imperatives. Thereis no single or obvious best way to monitor Australia’ s natural resources (at
least, in the real world of finite funding?!).

Furthermore, what to monitor depends on the objectives of the monitoring or natural resource
management program. Commentary and advice can be offered on what to monitor for a given
set of objectives, but choice amongst objectivesis for the community at large or its
representatives.

Therefore, we seek to stimulate discussion both of the priorities amongst objectives for
monitoring and of the (non-obvious) priorities amongst means. We will welcome your
comments, addressed to Mac.Kirby@csiro.au.
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1. Executive summary and summary of
recommendations
Australia has a National Framework for
monitoring and evaluation to assess the
health of natural resources, and to assess the
performance of programs and policies. Here
we identify some requirements and
recommend a strategy for implementation of
the framework.

Australia has many monitoring and
evaluation programs reporting on specific
issues such asriver health, water quality,
forestry, and landscape and soil
sustainability. Some programs (such as State
of the Environment) report on many issues.
Many take advantage of data collection
programs commissioned for other purposes,
rather than a data collection program
associated specifically associated with the
monitoring and reporting program.

However, there is no system-wide,
integrated assessment of triple bottom line
“health”. Whether such an assessment can or
should be reduced to asingle index is a moot
point. Lack of such monitoring and
evaluation systemsis also recognized
internationaly.

Natural resource management should be
adaptive with the first step being to define
objectives (particularly the desired ultimate
outcome) followed by planning, action,
monitoring and evaluation, and reporting.
The reporting is used to re-examine the
objectives — have they been fulfilled, should
they be refined or changed?

The monitoring and evaluation within this
adaptive cycle should aso be adaptive. The
objectives are given by the natural resources
management program. The next step isto
develop a conceptual model of the issuesto
be addressed, then identify and select
indicators, design a monitoring strategy,
collect and summarise data, interpret and
evaluate the data, and report. The reporting
is used to re-examine the conceptual model

used for monitoring and evaluation, and also
to re-examine the objectives of the natural
resource management program.

A national monitoring and evaluation
scheme should follow this broad framework.
In addition, it should have nationally
consistent and long-term measurements, be
adequately resourced and sit within a clear
framework of institutional responsibility.

We recommend that a national monitoring
and evaluation strategy be implemented in
two phases. Theinitial phaseisto run atrial
using “best bet” indicators (perhaps those
suggested by the Monitoring and Evaluation
Working Group). Thetria will seek to test
monitoring and evaluation at the national
level of aset of indicators, and to report
problemsin their use and suggestions for
improvement.

Thetrial should be conducted in several
places, with severa biophysical regions and
different natural resource management
issues. Candidate locations should be
considered from regions with contrasting
climates (eg northern and southern
Australia), coastal and inland, and land
management ranging from native, through
arrangements, to arable and irrigated
farming. Locations in different states, and
particularly across state borders, and
involving different organisations (including
community involvement in some
monitoring) would help test consistency of
methods.

The second phase, implementation of a
national strategy, will follow the trial and
eva uation of its success, problems, and
suggestions for improvement. A national
strategy could involve a new monitoring
eva uation program, coordination of current
programs, or expansion of alead program
(perhaps that on which the trial isto be
based). At this stage, it is not clear whichis
the most effective option, nor what the costs
would be. Some of these issues should



become clearer during atrial. Thetrial
should be designed to provide information
about this.

Various impediments could make a national
strategy unachievable. These include lack of
clearly stated and agreed objectives, lack of
funds, lack of long-term commitment, lack
of institutiona responsibility, and lack of
long-term research backup. Even if these
impediments are dealt with, and a sound
monitoring and reporting strategy developed,
nevertheless national environmental
monitoring and evaluation could fail if it
does not inform national debate and policy.

The two broad purposes of the National
Framework will not easily fitinasingle
strategy. Program evaluation has different
reguirements from long term assessment of
health. Without along term health
assessment, program or policy evauation
cannot easily be judged against triple bottom
line goals, so long term monitoring is
required in anationa strategy. Program and
policy evauation can be undertaken program
by program.

Overall recommendation
To implement the National Framework, a
national monitoring and eval uation strategy
should be established, which:
e hasclearly stated and agreed
objectives;
e hasaclear link to and mandate to
inform national debate and policy.
¢ hasclear funding, commitment and
institutional responsibility;
¢ has clear long-term research backup;
o followsthe framework outlined in this
report;
¢ hasclear reporting and feedback
procedures,
¢ isflexible and adaptive;
e identifies priority areasfor earliest
and/or most intensive monitoring; and,
e startswith atrial in some contrasting
regions.



2. Introduction

Why monitor and evaluate?

At the recent Earth Observing Summit in
Washington, USA, July 31% 2003 it was
observed that (see
http://earthobservationsummit.gov/framewor
k_discussion_paper.html, from which the
following text is extracted):

“Vision. Humanity has entered anew era
where human ingenuity must now be
applied to devel oping a deeper
understanding of the Earth’s complex
systems—an understanding that should
begin with Earth observations. The forces
of globa development and change
present serious challenges to world
leaders, decision makers, and
institutions—challenges that require
advancing our existing Earth observation
systemsto anew level. That new level is
an international, comprehensive,
integrated, and sustained Earth
observation system that provides the tools
to “take the pulse of the planet.”

These advanced tools (analogous to the
medical community’s diagnostic tools)
would potentially allow for a continuous
Earth system diagnosis to address the
interrelated processes of weather, climate,
ecosystems, and cycles of water, energy,
and carbon. These advanced tools could
also identify potential symptoms that, if
left uncorrected, would impair the health
of the Earth. An effective IEOS* would
provide information that enables decision
makers to take proactive measures. Thus,
an IEOS, with combined observations of
atmospheric, terrestrial, ocean, and other
phenomena, will form the basis for sound
science for sound decision-making.....

Need for Immediate Action. Every day
without the IEOS is alost opportunity
and limits our ability to properly address
recognized global environmental
problems. Every day that an observation
is not taken impacts the integrity of the

scientific record and the observation can
never be recovered. Having access to
existing longer-term records addresses
some of our environmental problems, but
the lack of critica observationsis
significantly retarding the environmental
understanding we seek and require....

Current State. A comprehensive and
sustained IEOS currently does not exist,
but some essential components are
aready in place....”

* Integrated Earth Observation System

The statements, of course, apply aso to
monitoring and evaluation in Australia. In
particular, there is no integrated, long term
program of monitoring and evaluation,
though some essential components arein
place.

Many interrelated issues

The box on the next page lists many natural
resource management issues which are
large, pressing and interrelated. Stopping
vegetation clearing or revegetating will help
solve salinity, and in turn improve water
quality and river health, and al are affected
by climate change.

Management of the many natural resource
issues is a complex problem with no single
answer. Monitoring and evaluation is akey
part of addressing these problems. If we
don’t monitor, how will we know which
problems to address in what order? And
how do we know if our actions have been
successful and, therefore, whether to
continue or redirect actions? We suspect
that in the absence of long-term monitoring
datasets, many policy decisions to date have
been based on informal or qualitative
assessment. Monitoring and evaluation is
required because many contaminants cannot
be seen or tasted, and rigorous scientific
testing must be undertaken. Similarly,
monitoring and evaluation is required for
effectsin natural resources that are beyond



Box 1

Key current natural resource
management issues include:

e Salinity

Area affected predicted to trebleto 17 m
ha by 2050 (Australian Dryland Salinity
Assessment, 2000)

e Vegetation clearing and biodiversity
Significant national debate and currently
subject of a Productivity Commission
Inquiry (Productivity Commission, 2003)
e River health

1/3 of river length in Australia has
impaired biota (Norris et al, 2001).

e \Water quantity and resource security
Focus of amajor national debate,
(Wentworth Group, 2002), with several
major cities facing water restrictions.

o Water quality

Adelaide water supply fails drinking
water guidelines for salinity 20 % of the
time (Chartres et al, 2003).

e Soil Acidification

A magjor and growing problem (Australian
Agricultural Assessment 2001).

e Climate change

Climate change is predicted to
significantly affect Australia’ s water
supply, ecosystems, agriculture and
fisheries, and the human population
including health (IPCC, 2001)

the scale of human understanding either
because of their wide (perhaps even global)
range or because of their long-term impacts
(on the scale of hundreds of years for issues
such as salinity or global warming).

The concept of health in natural resource
management is ubiquitous and, though often
taken as anal ogous to human health, is not
universally accepted (e.g Nielsen, 1999;
Wilkins, 1999; Rapport et al., 1999). Here
we use the analogy to draw attention to the
following:

e Discussions of landscape health (or

health of rivers, ecosystems,

catchments, etc.) almost invariably
invoke monitoring and indicators as a
key element (eg, Walker and Reuter,
1996);

e progress can be made without a
definition of health, but with an
understanding of the symptoms of ill-
health and their indicators (Norris and
Thoms, 1991);

e what constitutesill-health nevertheless
requires a clear understanding of its
converse, that is healthy or in good
condition, and indicators of that
condition (eg. Walker and Reuter,
1996);

o thedifficulty in defining the health of
ecosystems (Norris and Thoms, 1999)
leads to notions of functionality or
serving the needs of society (eg
Rapport et al., 1998).

A set of indicators to define health seems
attainable for catchments (Walker and
Reuter, 1996), but might not be for rivers
(eg Boulton, 1999).

Using the ana ogy with human health, we
will sometimes be concerned with asingle
Issue, and focus our management actions
and monitoring on that. Single issues will be
important when a problem arises — a case of
ill health. In such cases what to monitor will
often be fairly clear. At other times we will
be concerned with the “health” of an overall
natural resources system or region. In these
cases, what to monitor might be less clear,
but will involve integrated triple bottom line
assessment. We do not monitor every
physiological aspect of abody to identify
health — rather we use an overall feeling of
heal thiness combined with an absence of
specific indications to the contrary™.

1 The World Health Organisation defines health as a state
of complete physical, mental and social well-being and not
merely the absence of disease or infirmity.

Preamble to the Constitution of the World Health
Organization as adopted by the International Health
Conference, New York, 19-22 June, 1946; signed on 22
July 1946 by the representatives of 61 States (Official
Records of the World Health Organization, no. 2, p. 100)
and entered into force on 7 April 1948.



Here we do not describe monitoring and
evaluation in detail for each issue. Rather we
offer ageneric view and framework, with
some discussion of particular issues as
examples.

Definitions:

e Monitoring is the repeated
measurement and recording of a
variable or variables. The monitoring
period could be short, long or
indefinite. The variables recorded
could be those directly measured, or a
summary or integration of directly
measured variables.

e Evauation isthe use of monitoring
datasets to address specific questions.
Examplesinclude “is a specific natural
resource management target being
met?’, and “what, if any, natural
resource management problems are
developing in aregion?’.

2.1. Context: the National Monitoring

and Evauation Framework

The Natura Resource Management

Ministerial Council has established a

National Natural Resource Management

Monitoring and Evaluation Framework

(Nationa Framework)

(http://www.deh.gov.au/nrm/monitoring/eval

uation/framework.html) to assess progress
towards improved natural resource condition
through the development of accurate, cost-
effective and timely information on the:

e hedth of the nation's land, water,
vegetation and biological resources,
and

e performance of programs, strategies
and policies which provide national
approaches to the conservation,
sustainable use and management of
these resources.

The National Framework is based on a set of
principles (that it should be: useful; simple,

cost-effective, affordable and practical;
encompass the range of timescal es; support
meaningful interpretation of the data; the
end, specify the assumptions) for the
monitoring, evaluation and reporting on
natural resource condition. It al'so providesa
set of indicators for assessing change in
resource condition and program
performance. The framework identifies
roles and responsibilities for meeting
national, state/territory and regional level
reporting requirements. The framework also
requires that a capacity building strategy be
part of funded programs.

The National Framework encompasses
reporting both on natural resource condition
and on program, strategy and policy
performance.

The National Framework identifies matters
for which natural resource management
standards and targets must be set at the
regional level (http://
www.deh.gov.au/nrm/monitoring/standards/
index.html). Actual target levels are not
specified, but are to be set regionally.

The National Framework thus identifies the
policy settings for national monitoring and
evauation. It does not, however, identify
the technical requirements, technical
feasibility, nor how to implement a strategy.
These matters are discussed in this paper.



3. Monitoring and evaluation in
Australia: current state
3.1. Overview of history of monitoring
and evaluation
Humans have monitored many facets of the
world around them for thousands of years.
Indeed, it isthought that the earliest
Sumerian cuneiform writing developed as a
means of recording agricultural production
(Encyclopaedia Britannica Online,
http://www.search.eb.com/).

Systematic collection and recording of
environmental datain a manner designed for
national evaluation began more than a
century ago. In the UK, from 1875 until
1947 the Royal Meteorological Society co-
ordinated a nation-wide network of recorders
to examine the rel ationship between
meteorological events and the natural world,
such as the flowering of 13 plants, and the
appearance of birds and insects
(http://www.the-woodland-
trust.org.uk/phenol ogy/standard/home/what/I

earning.htm).

Following these early devel opments,

national surveys or inventories have been
established in many countries to monitor the
natural or managed environment. In the US,
for example, forest inventory began in the
early 1900s following the organic act of
1897, and the national resources inventory of
conservation in soil, land and water
resources was first conducted in 1958 (Olsen
et al, 1999).

Thistrend in national surveysto overview or
integrative surveys encompassing a broad
range of environmental issuesisevident in
many countries. Mol et al. (2001) comment
on the Dutch experience). UK soil quality
monitoring began in the 1970s (Church and
Skinner, 1986; Skinner and Todd, 1998).
Most large-scale, multi-issue monitoring
programs are relatively recent and include
the State of the Environment reporting in
Australia (which reported in 1996 and 2001)
and the Report on the Environment in the

US (United States Environmental Protection
Agency, 2003). Many programs, however,
remained focused on a single issue (such as
forest inventory, Norman et al., 2003) or
area (such asthe Alligator Riversregion,
Supervising Scientist Division, 2002).

Together with the trend to encompassing
more and more issues, environmental
monitoring has become international. The
climate change programs and the IPCC
reports are one example (eg IPCC, 2001);
another isthe Globa Environment Outlook
(http://geo.unep-wemec.org/geo3/) and
Agenda 21 of the United Nations Division
for Sustainable Development
(http://www.un.org/esa/sustdev/documents/a
genda21/) (which carries obligations which
Austraiafulfils with its State of the
Environment reporting). Environmental
monitoring sits within the broader
framework of monitoring and evaluation
used extensively by many international
agencies (eg United Nations Devel opment
Programme, 2002; Prennushi et al., 2001).

Notwithstanding these developments, we
lack properly integrated assessments both
nationally (e.g. inthe US by Olsen et al.
1999) and internationally (see the quotation
from the Earth Observation site in the
introduction, section 2).

3.2. Current Austraian programs with
monitoring and evaluation
components

There are many national programs for
monitoring natural resources. With the
exception of climate data, most programs
are recent. In addition to natural resource
programs, some other programs, particularly
health, involve environmental monitoring. A
directory of environmental health datais
given a
http://www.health.gov.au/pubhlth/strateg/en
vhith/databasel.htm

Current monitoring programs are shown in
the following table.



Table: Current natural resource monitoring programs — not an exhaustive list.

Program Objective Framework |Scale Duration/ |lssues/ indicators Overlap of issues/
interval indicators with other
programs - much,
some, (weak)
NAP/NHT - | Assess progress | National Regiona |5 year Land, vegetation, SoE
MEWG to improved Framework |focus, program | biodiversity, inland waters,
natural resource National estuaries and coast,
condition management actions,
Soci0-economic
State of the | To track the Indicator National |Every five | 403 indicators for, human |Many — NLWRA
Environment |environment and | reports years, settlements, biodiversity, |NFI
the impact of done twice| atmosphere, land, inland |MEWG
human activities waters, estuariesand the | Few overlapsin
sea, natura and cultura atmosphere
heritage
National Help Continental |nationa |every five | Soil, forests and SoE,
Forest development of | Forest years, biodiversity, inland water |NLWRA
inventory forest policy, Monitoring done twice| impacts, socio-economic | MEWG
forest industries | Framework for forests
and forest
conservation.
Sustainable | (proposed) regional |? Air, soil, biodiversity and | NLWRA
agriculture inland water conservation, | SOE,
(Landmark) water quality, socio- FM500
economic for farms
Sustainable | (proposed) regiona |? Limited land, vegetation | NLWRA
agriculture and water, farm socio- SoE
(RIRDC economic Landmark
FM500)
NLWRA 1 |nationwide Integration |national |once Wide range of air, land, SoE,
assessment of Blueprint and water MEWG,
Australia sland,
vegetation and
water resources
Sail Proposed National national |As Soil, including NLWRA
monitoring | (McKenzieet al. |framework required | acidification, nutrient MEWG
2002) balance, soil biology,
contaminants, soil physical
quality configuration and
salinity
Weather and | Provision of national |Decades |Rainfal, temperatureand |SoE reports some
climate, BoM |weather and (depend on| other climate variables descriptors
climate data location) / (extremes, averages,
daily etc)
Sustainable | (proposed) River MDB Reports | River biology and Waterwatch
rivers audit function annualy | hydrology NRHP
models SoE
NLWRA
MEWG
Waterwatch | Conservation, National |Ongoing | Water quaity and quantity | NHRP
education since 1992 SRA
SoE

MEWG




Table: Current natural resource monitoring programs, continued — not an exhaustive list.

Program Objective Framework |Scale Duration/ |Issues/ indicators Overlap of issues/
interval indicators with other
programs - much,
some, (weak)
National National Ongoing | River health, biology and |Waterwatch
River health hydrology SRA
program SoE
MEWG
Coastd National Pollutantsin coastal
catchment catchments
initiative
National National Ongoing
water quality
management
strategy
Fishery status | Review of fish National Reports | 67 primary target stocks
reports stocks annually,
since 1992
Marineand | Integrated National Ongoing | Water quality
estuarine planning and
water quaity | management
standards maintenance
of resource

values




3.3. Data holdings and access
Some individua programs (eg National
Land and Water Resources Audit) provide
wide coverage and access from a
consolidated data archive, and there are
moves to provide wider and more uniform
access. However, no single data repository
or metadata archive provides access or quick
links to Australia’ s natural resources data.

The first National Land and Water
Resources Audit provided a successful
model for the provision of spatial data.
Many, but not all, spatial natural resource
data sets for under the Commonwealth
Spatial Data Policy. The Office of Spatial
Data Management
(http://www.osdm.gov.au/) provides
information about these data sets, and
institutions where they are held.

Under the spatial data policy, spatial data
will be provided free of charge (no more
than the cost of transfer), there will be no
restrictions on commercial value-adding
(though it will be licensed), Internet public
access will be developed, and states and
territories will be brought into the system.

It isimportant to recognise that spatial
datasets rarely provide a sufficient baseline
for monitoring — point-based prediction from
these data sets is uncertain so sensitivity to
change is poor McKenzie et al. (2002).

3.4. Overlaps and gaps
There are similarities and overlapsin the
data collected in the various programs. Many
programs collect and/or report data about
land or soil (though few if any are true soil
monitoring programs, apart from afew long-
term field experiments), vegetation and
biodiversity, water, and socio-economics.

In some instances the overlaps are
recognised and different programs report the
same data. Thus, the National Forest
Inventory supplied data to the State of the
Environment, and the National Land and

Water Resources Audit and State of the
Environment shared data.

Climate data are free from overlaps and
gaps. They are collected and reported by the
Bureau of Meteorology, and used and
reported by some other programs. At the
national level, however, all reported sets are
based on the same underlying data
collection, and are thus consi stent.

Climate data differ from many othersin the
length of the record. Many datasets have
been kept for decades. Some other datasets
such asriver gauging also extend for many
years or decades. In general, however,
natural resource datasets at the national
scale are recent.

With the exception of climate, then, there
appears to be scope for more common data
collecting and reporting.

3.5. Limitations to the use of the
programs and datasets

e Many data sets are too short to readily
identify trends in natural resources.

e Many datasets are not collected
uniformly across the nation. Norris et
al (2001) pointed out that, whereas the
Nationa River Health Program
provided uniform data from river
health, neither hydrology nor water
quality were collected uniformly
across the nation, and the data are not
appropriate for large-scal e assessment
of environmental conditions.

e Theoveral health of aregion cannot
be identified quantitatively. We lack
rigorous, quantitative, triple bottom
line models of health. We can make
the assessment qualitatively, by
mentally integrating the indications
for arange of issues. We can also
make the assessment quantitatively
issue by issue. In the case of rivers,
for example, the AUSRIVAS score
gives an index of health.



4. Frameworksfor monitoring and
evaluation (mapping, monitoring and
modelling as complementary
activities)

In this section, we consider the place of

monitoring and evaluation within natural

resources management and frameworks for
monitoring and evaluation. We emphasise
the importance of clearly defining the
objectives and basing the monitoring and
evaluation program on a clear conceptual
model. We discuss implementation of
monitoring and evaluation within the
framework, and examine some current
programsin the light of the overall
framework.

Frameworks for monitoring and evaluation
have been proposed many timesin the
literature, for activities from human
development to natural resources
management (eg United Nations
Development Programme, 2002; Prennushi
et al., 2001; Bosch et al., 1996; Australian
and New Zealand Environment and
Conservation Council, 2000; Voset al,
2000). Although they differ in detail, many
follow a general pattern of: set objectives;
plan the monitoring and evaluation;
implement the monitoring and evaluation;
review, adapt, feedback and report.

Monitoring and evaluation sitswithin a
wider framework, such as adaptive
management or ecological risk assessment
frameworks. We here follow the scheme
outlined by CSIRO (1998), with monitoring

R Start
Evauate epor /

Define objectives

Monitor l

N

Figure 1 The adaptive management cycle

and evaluation within an overall
management cycle as shown in Figure 1.
Ecological risk assessment frameworks
follow the same genera pattern (eg.
USEPA, 1998; Hart et al., 2003), but with
risk assessment rather than management
being the object of the exercise.

The adaptive management cycle

The crucial first step in the adaptive
management cycle isto define the
objectives. Natural resource management
programs vary greatly in scale (local to
national to international), timeframes (single
activity of short duration to indefinite), and
the range of issues considered (single
clearly defined issue to “health” of the
national natural resources). Defining the
objectives will determine the management
activities to be undertaken, and the relevant
monitoring and evaluation.

Having defined the objectives, the rest of
the cycle proceeds as shown in the figure.

There are some monitoring activities which
might be regarded as pure monitoring, in
which monitoring, or monitoring and

evd uation, dominate almost to the exclusion
of deciding objectives, planning and action.
The Marsham example (to be described in
greater detail later) isacasein point.

The arrows linking the phases of the cycle
represent the transfer of information from

one phase to the next. A key reporting phase
Is from the evaluation feeding back into the
definition — or redefinition if that is
indicated by the evaluation - of objectives.
Depending on the program, the reporting
could be within the program or could be
reporting to the community at large. In
national programs, reporting will often be
to the community.

The closing of the loop and re-evaluation of
the objectivesis the hallmark of adaptive
management.



widely in the monitoring evaluation

The monitoring and evaluation cycle literature. Examples are the Australian
Within the adaptive management cycle, the Guidelines for Water Quality Monitoring
phases identified above each involve several and Reporting (Australian and New Zeaand
steps. These too can be represented as Environment and Conservation Council,
cycles. Since we are here concerned with 2000).

monitoring and evaluation, we shall

describe the steps only within the Interpret and

monitoring and evaluation cycle. We take evaluate data Repor ﬂ/lzn?gement
the obj ectives of monitoring and cycle
evaluation as defined in the management -~
cycle. Collect and \

o _ summarise data
The crucia first step isto develop a

conceptual model (possibly, but not \ Devel or[;gg;ceptual
necessarily a quantitative model). The

conceptual model will guide choosing the

indicators and designing the strategy. This Design monitoring _

environmental narrative should provide strategy | dentify and select

context for scales of variation over time — — indicators

these need to consider events and
processes acting over millennia, centuries,
decades, years, weeks... Without this
context, monitoring may be inconclusive.
The monitoring program is then
implemented.

Figure 2. The monitoring and evaluation cycle.

4.1. Objectives of amonitoring and
evaluation program.
The objectives will be given by the overall
natural resources management objective,

. hose isf he eval Ui nevertheless, afew general remarks may be
réporting phase is from the evaluation step made. The general objective of monitoring
feeding back into the devel opment of the and evaluation isto reduce therisk in

conceptual model. New datawill permit the decision-making (Pannell and Glenn, 2000)
testing and refinement of the conceptual ’ '
model war, if necessary, construction of a
new one. The monitoring and evaluation
cycle can thus operate as a closed cycle, and
it also operates by reporting into the
management cycle.

Asinthe overall management cycle, akey

Specific objectives can vary, and they will
determine the form of a monitoring and
evauation program. Objectives include:

e assessment against targets,

e gurveillance or “watching brief”;
policy / program resource targeting;

Thus, the monitoring and evaluation cycleis ) !
evaluation of compliance;

also an adaptive cycle. The monitoring and

evaluation is subject to continuous research;
improvement (see Hoenicke et al., 2003). education; and,
national pride!

Any monitoring and eval uation framework _ .
must consider the elements identified in Thefirst three purposes will generally
these cycles (CSIRO 1998). dominate at the national scale. Compliance

and experimentation will often be at local
This phased approach to monitoring and level, and relate to particular programs or

evaluation is, with variations, promoted trials. They could be at the national scale



where aprogram is at national scale, or
where a new national scaletechniqueis
being developed, such as new methodsin
satellite remote sensing.

4.2. Developing the conceptua model
A conceptual model, or systems
understanding, is crucial. Conceptual
frameworks or models:
¢ help trandate objectivesinto a
monitoring and evaluation program;
e determine the variables or indicators
likely to be useful;
¢ set requirements for sampling
frequency, both spatial and temporal;
e set requirements for the length of time
likely to be required to discern (or
disprove) trend;
e determine how the variables can be
summarised;
e determine the analysis and what
conclusions can be drawn;
¢ |ead to the calculation of new, output
variables, which are often more useful
than the directly measured variables
and indicators; and,

e set constraints and provide possibilities

for presentation of the data.

Quantitative models must be employed to
make predictions of trends and targets.
Salinity, for example, requires prediction as
it develops over decades or longer.
Understanding whether salinity will develop,
where, and over what timescales requires
projection from current data. Furthermore,
groundwater hydrology isimportant in
salinity prediction, and data are often sparse,
both spatially and temporally. Salinity
prediction can only be undertaken reliably
with quantitative hydrological models.

4.3. Identifying and selecting indicators
Some preliminary considerations are: the
type of program; what the indicators will be
used for; and scale.

e Type of monitoring program

Vaughan et al (2001) distinguish four types
of monitoring. Smple monitoring isthe
tracking of asingle variable, such asthe
temperature records now being used to show
globa warming. Survey monitoring is used
in the absence of an historical monitoring
record, to understand devel oping problems
by surveying and comparing regions with
and without the problem. Proxy monitoring
Is also used in the absence of an historical
monitoring record, by measuring proxy
information to infer historical conditions.
Tree ring and ice core records used to infer
past climates are examples. Integrated
monitoring islong-term, multidisciplinary
monitoring designed to elucidate both what
changes are occurring and why. Simple,
survey and proxy monitoring generally
cannot link cause and effect. Integrated
monitoring aims to: establish cause and
effect; derive scientificaly defensible
resource management programs,; major
environmental response to control measures;
and provide early warnings of new
problems.

A national strategy requires an integrated
monitoring program, with survey and proxy
elements designed to provide historical
perspective.

e What theindicators will be used for
Indicators are used for several purposes
including to provide a general overview or
quick indication of “health”, as datainput
for quantitative models, as verification of
models, and as direct indicators of the
exceedance of acritical threshold.

For thefirst purpose, proxy or integrated
indicators will be suitable. For datainput for
verification of models, direct measurement
of key variablesis generally required.
Threshold indicators can be of any type.

Directly measured variables include things
such as air temperature, water €l ectrical
conductivity, and soil pH. Derived variables
are calculated from directly measured



variablesin away that preserves adirect link
to the measured quantities.

Box 2

Examples of indicators by type — drawn from

MEWG
http://www.deh.gov.au/nrm/monitoring/indic
ators/

Direct — groundwater level, soil pH

Proxy — soil carbon content, often used asa
proxy to indicate general soil condition.

Integrated — soil physica condition, wetlands

Proxy indicators may be quantitative or
qualitative, and include things such as tree
rings, ice core measurements, and the first
arrival of abird in spring. Means, standard
deviations, and differences amongst directly
measured variables are examples.

Integrated indicators result from reduction of
many variables, either directly measured or
proxy indicators, into asimpleindex and / or
contain qualitative information. River and
soil conditions are examples: they result
from the integration of many variablesinto a
single index.

e Indicators
By analogy with human health, it is often
convenient to measure an indicator of
condition, rather than all the detailed process

Box 3

Robert Marsham recorded " | ndications
of Spring" from 1736 until hisdeathin
1798. His descendants continued
recordings until 1958. The work is now
continued by the UK Phenol ogical
Network. The record contains a number of
indicators such as the first opening of oak
leaves.

Recent interpretations of the record and
correlation to climate records revea a
trend to earlier and warmer springs. Thisis
often cited in the climate change debate.
See Sparks and Carey, 1995

parameters necessary for a complete
description. A classic example of indicators
for natural resources is described in Box 3.

The example demonstrates that indicators
can be valuable in giving cluesto trendsin
natural systems, especially when they are
linked to a conceptual model (once again
underlining the importance of conceptual
models). Continuous, consistent records of
environmental monitoring become valuable
in ways unforeseen when collection
commenced. It also demonstrates that
bringing together datasets leads to greater
insights

e Indicators versus direct
measurement

Directly measured and derived variables are
generally suitable for use as input into
predictive models and/or verification of
their output. Proxy indicators are generaly
unsuitable for use as model input, unless
thereis adirect correlation between the
indicator and directly measured variable.
Proxy indicators might be suitable for model
verification where thereis adirect
correlation between model output and the
indicator. Integrated indicators are generaly
unsuitable for either input or verification.
Many factors go into an integrated indicator,
with general loss of connection between
change in the indicator and cause
attributable to any one effect.

Where the objective includes prediction, the
monitoring program should collect data that
can either be used as direct input to a model,
or isdirectly comparable to model output to
verify or test the model against. Thiswill be
particularly true for long-term projections
involving climate change, demographic
change, and long-term processes such as the
development of salinity.

Proxy and integrated indicators are often
easier to measure and record. They are often
also easier to use in presenting information.
A single index of river condition mapped
across the country, for example, givesa



rapidly assimilated visual picture of the state
of rivers nationwide.

e Scalesin space and time
It iswidely recognised (eg CSIRO 1998)
that natural resource management issues
vary from the local (eg management of a
paddock) to the global (eg climate change),
from brief (eg erosion in aflash flood) to
centuries or longer (eg groundwater
processes in alarge aquifers). This range of
scales places great demands on monitoring
programs.

The scale or duration of management actions
is often dissimilar to those of a natural
resource process. A river or groundwater
catchment might cross several local
government areas or even state boundaries.
The management action might last four
months or perhaps years, whereas the
outcomes for salinity affected by a
groundwater system might take decades or
even centuries to manifest themselves.

Furthermore, managers at different scales
might require different information.
Managers at the paddock or farm scale will
be more interested in productivity and farm
sustainability, whereas at the national scale
issues such as climate change and integrated
natural resource condition (natural resource
“health”). At thelocal scale managerswill
have control over direct actions such as
fencing, tillage, rotations and stocking rates.
At regional scales, action can be taken
through measures such as regional land use
planning and program funding. At the
national scale, measures include national
policy, program funding and incentives, and
market regulation.

With this range of scalesin space and time, a
monitoring and eval uation program must
consider the aggregation of datafrom a
detailed to more general scale. The
conceptual model underlying the monitoring
and evaluation strategy should be chosen to
accommodate the range of scales.

4.4. Designing a monitoring strategy —
some considerations
e Community monitoring and science
monitoring (eg remote sensing)
Some types of monitoring lend themselves
to community participation — indeed, by
their very nature are better pursued by the
community. Proxy indicators may be
effectively monitored by the community.
The UK Phenology Network
(www.phenology.org.uk/) involves the
community in monitoring of climate change
indicators. The Australian Bird Atlas
(http://www.abc.net.au/birds/) is compiled
from community monitoring.

Some types of monitoring require specialist
knowledge or equipment. Remote sensing
requires access to satellite information, and
the computer power and specialist packages
necessary for interpretation of the raw data.

e Sampling requirements and
feasibility
The sampling in both space and time must
be sufficient to determine or disprove the
trends of interest (see, for example,
McKenzie et al., 2002).

e Reference sites and catchments —
long-term ecological research

McKenzie et al (2002) pointed out the need
for arestricted number of substantial long-
term scientific studies of ecosystem and
landscape processes in catchments
representing the main biophysical regions of
Australia. At these sites, many variables and
many biophysical processes would be
studied, with the aims of increasing
understanding and providing a detailed
reference for correlating proxy indicators
(which would often be measured el sewhere)
to detailed processes.

The United States (http://Iternet.edu/) and
Canada (Vaughan et al, 2001
http://www.eman-rese.ca/eman/) both have
long-term ecological research sites, aimed at




providing understanding of ecological
phenomenaover long periods and large
areas, and providing information to help
solve ecological problems. Some long-term
studies have been established in Australia,
such as the Warra forest management study
in Tasmania (http://www.warra.com/warra/).

To assess regiona “health”, including socio-
economic issues, the idea can be extended to
areference region, in which biophysical and
socio-economic indicators are used with
integrated models. The CSIRO Healthy
Country Flagship Program provides a partial
model of areference region.

4.5. Evauation

e Short-term versus long-term
Short-term monitoring and eva uation is
relevant to ensuring compliance, or setting
priorities amongst programs or program
objectives. Long-term monitoring and
evaluation is relevant to the continuing
assessment of trendsin natural resource
condition and management.

e Trendsand uncertainty
The variability of natural resource data
makes it difficult to reliably estimate trends.
Much of the criticism of environmental
sciencein “ The Sceptical Environmentalist”
by Bjorn Lomborg concerns this point
(caveat: the book itself is roundly
criticised!). Only recently hasit become
fairly widely accepted that spring has
become warmer and earlier in the UK
(Sparks and Caery, 1995).

We thus distinguish two types of uncertainty
in trends — that of whether thetrend is
statistically significant, and that of cause and
effect. Thefirst isamatter of monitoring:
sampling programs must be adequate and
continued for long enough, and include
establishment of adequate baselines. The
second is a matter of the conceptual
framework or modelling. It must be
demonstrated that the measured effect can be
attributed to a particular cause.

What is said above of temporal trendsis
also true of spatia trends. Sails, for
example, show considerable spatial
variability. Sampling must be adequate to
determine trend, and conceptual models are
important. See, for example, McKenzie et
al. (2002).

4.6. Reporting, data holdings and access
Closing the adaptive cyclesis akey step.
Reporting the data and findings, and
assessing the objectivesin light of the new
information enhances both the monitoring
and evaluation program and the
management program that it serves.

Just as the uses of indicators will vary in
space and time (section 4.3), so too will be
adaptations. Actions found to be ineffective
are likely to be changed quickly, whereas
objectives are likely to be changed on
longer timescales (CSIRO, 1998).

Natural resource management issues affect
many stakeholders, often the whole
community. Keeping these stakeholders
informed is an important part of reporting.

Accessisimportant. The greater the access,
the more the data are likely to be used, and
the more effective the monitoring and
evaluation program will be. Providing
access was a key recommendation of the
first National Land and Water resources
Audit (NLWRA, 2002), and is also a key
part of the Commonwealth spatial data
policy
(http://www.osdm.gov.au/osdm/data_acc p

olicy.html)

With modern technology, data should be
accessible by theweb. In principle, itis
unimportant where the data are held but, in
practice continued quality control and
access more likely where thereis
institutional responsibility for storage,
archiving and disseminating information.
Good metadata are important.



5. Strategiesfor future monitoring and
evaluation in Australia
In this section we briefly examine the gaps
in current programs, discuss the general
features of a national strategy, recommend a
trial incorporating these features, and outline
three candidate approaches for implementing
anational strategy following the trial. We
also discuss knowledge management, and
impediments to the adoption of a national
monitoring and evaluation strategy.

Wetakeit asagiven that astrategy is
required to implement the National
Framework.

5.1. Gap analysis
Current programs cover the spectrum of
natural resource management issues. They
often permit meaningful comment on natural
resource condition for individual issues.

Nevertheless, there are significant gaps.

e Not all current programs have
consistent data measurement and
recording methods across the nation.

e Different natural resource management
issues and programs have not been
integrated to provide overall
assessments of natural resources
“health”.

e Socio-economic evaluations are
similarly not integrated with the
biophysical (though in some programs
they are reported), precluding
qualitative triple bottom line
evaluations.

e currently only qualitative assessments
can be made of system-wide
(including impact on human systems)
conseguences management actions,
trade-offs and hence assessment of
prioritiesin different areas. Thisisan
area of current research. The CSIRO
Healthy Country Flagship Program,
for example, isinvestigating water
benefits accounting as an integrating
principle for all natural resource

management (including impact on
human systems).

e Asaconsequence, Australia has no
means currently of quantitatively
predicting what the nation will ook
like overal (natural resources and
human systems) in the future. There
are excellent futures tools in particular
areas (such as climate change models,
or the CSIRO stocks and flows
resource futures model), but none that
integrates the issues.

¢ Anintegrated framework will also
alleviate another problem, that of
monitoring unlike indicators which
require measurement at different
frequencies and spatial densities, and
also require different forms of
presentation. Indicators of landscape
condition are very different from those
of rivers. Current programs generally
simply present the data, any
comparisons or evaluation being
gualitative.

¢ Remote sensing technologies have to
date not been fully utilised in national
monitoring strategies. We discuss here
incorporating remote sensing into
monitoring strategies. For terrestrial
monitoring and evaluation, the
development by the Earth Observation
Centre of a consistent, corrected 20
year AVHRR / NDV| dataset for
Australiawill provide invaluable
historical information. The
opportunities provided now by higher
resolution (special, temporal, and
number of frequency bands) will
provide new opportunities in both
terrestrial and aguatic monitoring.
Opportunities for aguatic monitoring
had recently been discussed in a study
for the Sustainable Rivers Audit
(Environmental Remote Sensing
Group, 2003).

There are suggestions for improvements to
current programs (such as the enhanced
monitoring programs under the National



Forests Inventory), and for new programs
(such asthe Long Term Ecologica Research
Network), but none addresses these gaps.

In the research arena, various integrated
frameworks are being developed. The CRC
for Catchment Hydrology has devel oped the
Catchment Hydrology Toolkit
(http://www.toolkit.net.au/), for integrated
catchment assessment. Current

devel opments include consideration of
economic and biodiversity issues. A more
integrated modelling framework is the
subject of the CSIRO Healthy Country
program, which will tackle integrated
conceptual models, and integrated
frameworks are also proposed in the new
CRC for Desert Knowledge.

The general conclusion isthat Australia
lacks an integrated monitoring and
evaluation system with which to assess
regional “health”. Thiswas aso the
conclusion of the Earth Observing Summit,
guoted in the introduction, section 2. Olsen
et al. (1999) concluded that in the USA the
many individual natural resource monitoring
and evaluation programs similarly fail to add
up to an integrated national program.

Given these gaps, what is the best way to
proceed to a national monitoring and
evaluation strategy? We address this next.

5.2. A national strategy
We discuss here some general features,
choosing the objectives, and a genera
implementation strategy.

General features:
A national monitoring and evaluation
strategy should:

o follow the framework discussed
previously (section 4), as shown by the
monitoring and evaluation cycles even
in Figure 2, set within the wider
context of an adaptive management or
ecological risk assessment framework
(Figure 1), and hence;

e have agreed and explicitly stated
objectives - these have been explicitly
stated for current programs such as
State of the Environment, but have not
yet been explicitly stated for an
overarching national monitoring and
evaluation program;

¢ havearelevant conceptua framework
or model - an integrated system model
for regional health being the most
pressing need;

¢ have nationally consistent and long-
term measurements, data storage and
analysis, with assurance of backward
compatibility when there are changes
to methods or conceptual models
resulting from further research —this
implies standards and protocols for
measurement, storage, analysis and
consistency through time;

¢ include consideration of the spatial
framework for monitoring, which sets
the basis for priorities* and location of
monitoring sites and provides a
framework for interpretation and
extrapolation (the groundwater flow
systems defined in the Audit isan
example for salinity while amore
geomorphic and climatic stratification
is needed for soils and rivers);

¢ beflexible and adaptive (eg Mol et al,
1998; Hoenicke et al., 2003);

¢ be adequately resourced; and,

e sit within aclear framework of
institutional responsibility.

* Note that, depending on the objectives of
the program, some areas might not need
monitoring, or might need only alow spatia
density of monitoring, since they are known
from pilot studies not to exhibit natural
resource problems.

In the absence of explicitly stated objectives
and an agreed conceptual framework, we
offer here some candidate objectives and an
implementation strategy.



Candidate objectives:
The purpose of the National Framework isto
assess progress towards improved natural
resource condition through the devel opment
of accurate, cost-effective and timely
information on the:
¢ hedlth of the nation's land, water,
vegetation and biological resources,
and
e performance of programs, strategies
and policies which provide nationa
approaches to the conservation,
sustainable use and management of
these resources.

Other objectives could be considered for a
national monitoring strategy. The table on
the next page shows candidate objectives
and some of the requirements of monitoring.

As shown in the table, different objectives
require different programs. Monitoring to
evaluate or target policy or programs has
different timescales and indicators to long-
term assessment of |andscape or ecosystem
health. A national strategy should clearly
identify the objective.

Without along term health assessment,
program or policy evaluation cannot easily
be judged against triple bottom line goals, so
long term monitoring isrequired in a
national strategy. Program and policy
evaluation can be undertaken program by
program.

It is therefore recommended that a national
strategy address long-term health
assessment. Other goals are not precluded,
but might require other programs.



Objectives and requirements of monitoring programs.

Objective what to Types of scale timescales | comments
monitor indicators
A. Resource condition | By issue Mixture, Local to Programto |Often covered by current programs.
sometimes | national indefinite
integrated
B. Regiona / national | Health Integrated | Regional to | Often Requires sound and agreed integrated conceptual model of regional or nationa triple
triple bottom line indicators national indefinite bottom line health.
health
1. Assessment against | By issue Mixture Local to Programto |1. Salinity, for example, requires prediction asit develops over decades or longer,
national or national indefinite S0 assurance that current trends will not fail targets requires projection over
international natural those timescales.
resource management 2. Forinternationa programs, indicators should be comparabl e internationally.
targets, eg Kyoto
2. Surveillance or Widerange, |Mixture, Local to Indefinite 1. Arguably aparticular case of Objective 1.
“watching brief” for  |or via often national 2. Widerange of natural resources should be included.
early identification and| integrated integrated 3. Databases will undoubtedly become of enormous value in future.
correction of problems| “health” 4. Opportunity for economies of scale with centralised measurement, data
indicators management and storage.
3. Policy / program Issueorvia |Mixture, Local to Programto | Before resource expenditure.
resource targeting “health” sometimes | nationd indefinite
indicators integrated
4. Evaluation of policy | Program / Mixture, Usually Program Compliance function.
/ program issue sometimes | local, can
integrated | be national
5. Research Program Often direct |Local to Program Includes the devel opment of more effective monitoring methods and more effective
national conceptua models.
6. Education Any Often Local to Indefinite Can be a program objective, or a side-benefit of other program.
integrated | national
7. National pride! “hedlth”, or | Often National indefinite 1. Demonstrating ininternationa forums that Australia monitors and caresfor its
widerange, |integrated environment. A particular case of Objective 1.
or issue 2. Indicators should be comparable internationally.

Note: objectives 1 to 6 can al be of either of the two types A or B




A generic implementation strategy
Two phases are proposed: firstly, atrial,;
secondly, extending the trial to the
national scale. Each phase followsthe
frameworks of the management cycle
and monitoring and evaluation cycle
shown in Figures 1 and 2.

5.3. Phase 1: trid
Implementation of the national strategy
should start with atrial, to enable testing
monitoring and evaluation at the national
level of aset of indicators, and reporting
problems in their use and suggestions for
Improvement.

The implementation strategy for the trial
Is shown in Figure 3 below.

A significant feature of the suggested
trial isto use current “best bet”
indicators from other programs. This
appears to be the best way forward in the
absence of fully developed, tested,
system-wide conceptual frameworks,
especidly for integrated / triple bottom
line assessment of regional hedlth. Itis
suggested, however, that research into
integrated models be pursued
concurrently. The National Framework
and the Monitoring and Evaluation
Working Group indicators will beamain
candidate for the “best bet” indicators. In
addition, however, greater use should be
made of remote sensing than is currently
done.

Since thetrial isdesigned to test
monitoring and evaluation for a national
strategy, it should be conducted in
severd places, with severa biophysical
regions and different natural resource
management issues. Candidate locations
should be considered from regions with
contrasting climates (eg northern and
southern Australia), coastal and inland,
and land management ranging from
native, through rangel ands, to arable and
irrigated farming. Locations in different
states, and particularly across state
borders, and involving different
organisations (including community
involvement in some monitoring) would
help test consistency of methods.

Thetria should aso be designed to
provide information about which of
three general options for implementation
of anational strategy (see next section)
islikely to be the most effective.

At some stage, thetrial will be deemed
compl ete according to an agreed set of
criteria, and the monitoring and
evaluation framework is then ready to
implement nationally. The trial might
have achieved its objectives, and the
piloted method shown to be applicable,
useful and cost-effective at the national
scale. Extending atria to the national
scale does not preclude further trialsto
improve methods.
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Figure 3. Schematic for a national
monitoring and evaluation trial




5.4. Phase 2: national monitoring and
evaluation

Olsen et al. (1999) suggested three options
for anational natural resource monitoring
and evaluation schemein the US:

e anentirely new program;

e acoordination of current programs;

e expansion of lead programs.
The options are relevant to Australia, and
have different pros and cons. A new
program would presumably incorporate a
fresh assessment of objectives and
conceptual models, and address gaps and
defectsin current programs, but would be
costly and take time to establish, potentially
overlook the experience of and fail to
incorporate effort in current programs and
therefore be inefficient and not cost-
effective.

Coordinating current programs would lead to
aquick start, take advantage of programs
underway, and potentially be cost-effective,
but would inherit defects and gaps in current
programs, potentially lack clarity amongst
the different programs, potentially contain
inconsi stencies (such as time and space
scales of sampling) amongst current
programs, and lack an overall conceptua
model.

Expanding alead program would also
potentially have a quick start, potentially be
cost-effective, and address gaps and defects
in current programs, but would have the
potential for the objectives (which might be
inconsi stent with the overall national
program objective) of the lead program to
dominate, potentially have inconsistencies
(in time and space scales, type of
monitoring, etc) between the lead program
and the national program requirement, and
potentially lack a conceptual model.

At this stage, it is not clear which is the most
effective option, nor what the costs would
be. It seemslikely, however, that a
combination of coordination and expansion
of alead program will be the most effective,

because of the quick start and probable cost-
effectiveness. The National Framework and
the Monitoring and Evaluation Working
Group indicators will be amain candidate
for alead program to be expanded.
However, this framework currently suffers
from the gapsidentified in section 5.1. A
sound conceptual framework, consistency of
measurement and recording methods and
integration of different issueswill all require
attention. Some of these issues should
become clearer during atrial, which should
be designed to provide information on these
matters.

Whichever option is chosen,
implementation of afull national monitoring
and evaluation strategy will follow
essentialy the scheme shown in Fig 3,
except that the question “isthetrial
complete?’ isirrelevant, and the box with
develop and research system-wide
conceptual frameworks does not appear.
Research and devel opment might still be
required, but is not explicitly part of the
routine monitoring and evaluation. If
required, it would be a separate activity in
another trial.

It isimportant to start a national strategy
again at the objectives, since these will
differ from those of the trial.

It isalso important to build in the reporting,
and adaptive continuous improvement. Any
national strategy will be along-term and
costly exercise (though likely cheaper in the
long run than not monitoring and providing
information for effective decision-making),
so it isimportant to ensure effective
reporting to all stakeholders and particularly
to those charged with decision-making.

Knowledge management

It is becoming increasingly recognised that
modern technol ogy offers scopeto go
beyond traditiona reporting and
dissemination. Knowledge management
techniques can be used within programs to



coordinate and integrate information, assess
priorities and gaps, leading to continual
program development and enhancement.
They aso allow the program to interact with
the community at large, with discovery of
community perceptions and priorities,
community demands for styles of and
detailed in presentation, and community
engagement in the program.

It is suggested that a national monitoring and
evaluation program contain a knowledge
management component to realise these
opportunities.

Some knowledge management sites...
The UK Phenology Network
The UK Phenology Network web site

(www.phenoloqy.org.uk/) allows members of

the community to enter their own records of
phenological indicators of climate change,
and view recordsin the form of maps or
graphed trends.

Agricultural and environmental monitoring

and forecasting

Agrecon offers a service to subscribers for
agricultural and environmental monitoring
and forecasting, including use of their own
data http://www.agrecon.canberra.edu.au/

I sthe strategy achievable? What will stop
it?
A long term national monitoring and
evaluation strategy will be a serious
undertaking, requiring significant
commitment of resources. It could easily fall
through:

e lack of clearly stated and agreed
objectives;
lack of funds;
lack of long-term commitment;
lack of institutional responsibility; or,
lack of long-term research backup.

It must also be recognised that some types of
system behaviour make phenomena difficult
or impossible to monitor (e.g. rare and

chaotic events, such as catastrophic floods
intropical rivers).

Against this background of impediments, it
would appear that the appropriate
commitment would enabl e the establishment
of infrastructure, collection of data and
reporting. However, anational strategy will
only have succeeded if the data and findings
are used. In particular, they should be used
to inform national debate and policy.

Mol et al. (2001) sound a caution about
policy impact, based on the Dutch
experience. They note that “ success...
should be determined on the basis of
implementation of integral measures and
this still appears problematic”. In the
Netherlands, integrated monitoring is used
to help debate and formulate environmental
policy plans at national, provincia and
municipal levels every four years. Mol et al.
conclude that most systems are designed for
plain environmental quality monitoring and
not for environmental policy or target group
monitoring.

Mol et al. emphasise that environmental
monitoring should have clear objectives
based on solid scientific insights, reiterating
one of the main points made in this paper.
They note however that “currently the
strong political influence exerted on
monitoring activities inhibits the
development of sophisticated and robust
monitoring designs that truly support
integrated management of our complex
environment”.

These issues lead us to our overall
recommendation.

Overall recommendation
A national monitoring and evaluation
strategy should:
e have clearly stated and agreed
objectives,
¢ haveaclear link to and mandate to
inform national debate and policy.



have clear funding, commitment and
institutional responsibility;

have clear long-term research backup;
follow the framework outlined in this
report;

have clear reporting and feedback
procedures,

be flexible and adaptive;

identify priority areas for earliest
and/or most intensive monitoring; and,
start with atrial in some contrasting
regions.



6. References

Australian Agricultural Assessment 2001,
National Land and Water Resources Audit,
Canberra.

Australian Dryland Salinity Assessment
2000. Extent, impacts, processes, monitoring
and management options. National Land and
Water Resources Audit, Canberra

Australian and New Zealand Environment
and Conservation Council / Agriculture and
Resource Management Council of
Australian and New Zealand, 2000.
Australian guidelines for water quality
monitoring and reporting — summary:
National Water Quality Management
Strategy; No 7a. Canberra.

Bosch, O.J.H., Allen, W.J. & Gibson, R.S.
Monitoring as an integral part of
management and policy making Proceedings
of Symposium "Resource Management:
Issues, Visions, Practice” Lincoln
University, New Zealand, 5-8 July, 1996 pp.
12-21, available at
http://www.landcareresearch.co.nz/sal/monp

aper.asp

Boulton, AJ, 1999. An overview of river
health assessment: philosophies, practice,
problems and prognosis. Freshwater
Biology, 21, 469-479.

Chartres, CJ, Stauffacher, M, Waker, G,
Hatton, T, 2003. Is the River Murray water
quality deteriorating: asalinity perspective.
http://www.clw.csiro.au/priorities/salinity/C
LW _ Sdinity Update.doc

Church, BM and Skinner, RJ, 1986. The pH
and nutrient status of agricultural soilsin
England and Wales, 1969-83. Journal of
Agricultural Science, 107, 21-29.

CSIRO, 1998. A Guidebook to
Environmental Indicators. CSIRO
Publishing, Collingwood, Victoria.

Environmental Remote Sensing Group,
2003. Determination of SRA Habitat
Indicators by Remote Sensing. Technical
Report 28/03, CSIRO Land and Water,
Canberra

Hart, BT, Lake, PS, Webb, JA and Grace,
MR, 2003. Ecologica risk to aquatic
systems from salinity increases. Australian
Journal of Botany, 51, 689-702.

Hoenicke, R, Davis, JA, Gunther, A,
Mumley, TE, Abu-Saba, K and Taberski, K,
2003. Effective application of monitoring
information: the case of San Francisco
played. Environmental Monitoring and
Assessment, 81, 15-25.

IPCC, 2001. Climate Change 2001, Impacts,
Adaptations, and Vulnerability: Chapter 12,
Australiaand New Zealand, Cambridge
University Press, Cambridge.

McKenzie, N, Henderson, B, and
McDonald, W, 2002, Monitoring Soil
Change, CSIRO Land and Water Technical
Report 18/02.

Mol, G., Vriend, SP and van Gaans, PFM,
1998. Future trends, detectable by soil
monitoring networks? Journal of
Geochemical Exploration, 62, 61-66.

Moal, G., Vriend, SP and van Gaans, PFM,
2001. Environmental monitoring in the
Netherlands. past developments and future
challenges. Environmental Monitoring and
Assessment, 68, 313-335.

NLWRA, 2002. Australian Natural
Resources Information 2002. National Land
and Water Resources Audit, Canberra.

Nielsen, NO, 1999. The meaning of health.
Ecosystem Health, 5, 65-66.

Norman, P, Wood, M and Lee, A, 2003. A
Continental Forest Monitoring Framework
for Australia: Background, Concept, and



Rationale. Bureau of Rural Sciences,
Canberra.

Norris, RH, and Thoms, M, 1999. What is
river health? Freshwater Biology, 41, 197-
209.

Norris, RH, Prosser, |, Young, B, Liston, P,
Bauer, N, Davies, N, Dyer, F, Linke, Sand
Thoms, M, 2001. The Assessment of River
Conditions (ARC) an Audit of the
Ecological Condition of Australian Rivers.
Final Report submitted to the National Land
and Water Resources Audit Office, CRC for
Freshwater Ecology and CSIRO Land and
Water.

Olsen, AR, Sedransk, J, Edwards, D,
Gotway, CA, Liggett, W, Rathbun, S,
Reckhow, KH and Y oung, LJ, 1999.
Statistical issues for monitoring ecological
and natural resourcesin the United States.
Environmenttal Monitoring and Assessment,
54, 1-45.

Prennushi, G, Rubio, G, and Subbarao, K,
2001 Chapter 3 Monitoring and Evaluation
Poverty Reduction Strategy
SourcebookVolume 1 — Core Techniques
and Cross-Cutting Issues World Bank,
http://www.worldbank.org/poverty/strategies
/sourctoc.htm

Pannell, DJ and Glenn, NA, 2000. a
framework for the economic evaluation and
selection of sustainability indicatorsin
agriculture. Ecological Economics, 33, 135-
149.

Productivity Commission, 2003. Impacts of
native vegetation and biodiversity
regulations, issues paper, May 2003.

Rapport, DJ, Gaude, C, Karr, JR, Baron, JS,
Bohlen, C, Jackson, W, Jones, B, Naiman,
RJ, Norton, B and Pollock, MM, 1998.
Evaluating landscape health: integrating
societal goals and biophysical process.

Journal of Environmental Management, 53,
1-15.

Rapport, DJ, McMichad, AJ, Costanza, R,
1999. Assessing ecosystem health: reply to
Wilkins, Trendsin Ecology and Evolution,
14, 69. Trends in Ecology and Evolution,
14, 69-70.

Skinner, RJand Todd, AD, 1998. Twenty-
five years of monitoring pH and nutrient
status of soilsin England and Wales. Soil
Use and Management, 14, 162-169.

Sparks TH and Carey PD, 1995."The
Responses of Species to Climate over Two
Centuries: An Analysis of the Marsham
Phenological Record, 1736-1947, Journal of
Ecology, 83, 321-329.

Supervising Scientist Division, 2002.
Supervising Scientist Monitoring Program.
Environment Australia, Canberra.

United Nation Development Programme,
2002. Handbook on Monitoring and
Evaluation for Results, UNDP Evaluation
Office, New York, USA.

United States Environmental Protection
Agency, 1998. Guidelines for Ecological
Risk Assessment. US Environmental
Protection Agency, Washington.

United States Environmental Protection
Agency, 2003. Draft Report on the
Environment, 2003. US Environmentd
Protection Agency, Washington.

Vaughan, J, Brydges, T, Fenech, A and
Lumb, A, 2001. monitoring long-
termologica changes through the Ecological
Monitoring and Assessment Network:
science-based and policy relevant.
Environmental Monitoring and Assessment,
67, 3-28.

Vos, P, Medlis, E, ter Keurs, WJ, 2000. A
framework for the design of ecological



monitoring programs as atool for
environmental and major management.
Environmental Monitoring and Assessment,
61, 317-344.

Walker, J and Reuter, DJ, 1996. Indicators
of catchment health; a technical perspective.
CSIRO Publishing, Collingwood, Victoria.

Ward, T, Butler, E and Hill, B, 1998.
Environmental indicators for national state
of the environment reporting — Estuaries and
the Sea, Australia: State of the Environment
(Environmental Indicator Reports),
Department of the Environment, Canberra.

Wilkins, DA, 1999. Assessing ecosystem
health: discussion of Rapport et al., 1998,
Trendsin Ecology and Evolution, 13, 397-
402. Trends in Ecology and Evolution, 14,
69.

Wentworth Group of Concerned Scientists,
2002. Blueprint for a Living Continent.
WWE, Sydney, Australia.

Some additional reports on indicators
Alexandra, J, Higgins, Jand White, T, 1998.
Environmental indicators for national state
of the environment reporting — Local and
Community Uses, Australia: State of the
Environment (Environmental Indicator
Reports), Department of the Environment,
Canberra.

Anon, 1998. Sustainable agriculture:
assessing Australia s recent performance. A
report to SCARM of the National
Collaborative project on Indicators for
Sustainable Agriculture. CSIRO Publishing,
Collingwood, Victoria

Fairweather, PG and Napier, GM, 1998.
Environmental indicators for national state
of the environment reporting — Inland
Waters, Australia: State of the Environment
(Environmental Indicator Reports),
Department of the Environment, Canberra

Hamblin, A, 1998. Environmental indicators
for national state of the environment
reporting — See, Land, Australia: State of
the Environment (Environmental Indicator
Reports), Department of the Environment,
Canberra

Manton, MJ and Jasper, JD, 1998.
Environmental indicators for national state
of the environment reporting - The
Atmosphere, Australia: State of the
Environment (Environmental Indicator
Reports), Department of the Environment,
Canberra.

Newton, P, Flood, J, Berry, M, Bhatia, K,
Brown, S, Cabelli, A, Gonboso, J, Higgins,
J, Richardson, T, and Ritchie, V, 1998.
Environmental indicators for national state
of the environment reporting — Human
Settlements, Australia: State of the
Environment (Environmental Indicator
Reports), Department of the Environment,
Canberra.

Pearson, M, Johnston, D, Lennon, J,
McBryde, |, Marshall, D, Nash, D, and
Wellington, B, 1998. Environmental
indicators for nationa state of the
environment reporting — Natural and
Cultural Heritage, Australia: State of the
Environment (Environmental Indicator
Reports), Department of the Environment,
Canberra

Saunders, D and Margules, C, 1998.
Environmental indicators for national state
of the environment reporting — Biodiversity,
Australia: State of the Environment
(Environmental Indicator Reports),
Department of the Environment, Canberra.



7. Appendix — consultation

The following people were consulted in the

preparation of this report:

Carl Binning, Greening Australia

Elisabeth Bui, CSIRO Land and Water

Vaughan Cox, EA

Ann Hamblin, CRES

Dave Freudenberger, CSIRO Sustainable
Ecosystems

Peter Gehrke, CSIRO Land and Water

Richard Norris, University of Canberra

Mike Manton, BoM

Warwick McDonald, MDBC

Rob Thorman, NLWRA

Blair Wood, NLWRA

Melissa Woods, BRS



	Development of a strategy for monitoring Australia’s natural resources: a discussion paper
	Preamble
	Contents
	1. Executive summary and summary of recommendations
	2. Introduction
	3. Monitoring and evaluation in Australia: current state
	4. Frameworks for monitoring and evaluation (mapping, monitoring and modelling as complementary activities)
	5. Strategies for future monitoring and evaluation in Australia
	6. References
	7. Appendix – consultation

