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Glossary of Key Terms

term definition source

Adaptive Management “Adaptive management is a systematic process for continually 
improving management policies and practices by learning from
the outcomes of operational programs” 

(Ministry of 
Forests and 
Range, British 
Columbia, n.d.)

Aeolian material transported and deposited by wind a

Anthropocene an epoch...when “the human activities are exerting increasing 
impacts on the environment on all scales, in many ways 
outcompeting natural processes... may be defined to have 
started about two centuries ago, coinciding with James Watt's 
design of the steam engine in 1784”

(Crutzen, 2006)

Aquatic “of or on water” c

Aquifer Transmissivity “the ability to transmit groundwater through the aquifer” c

Airborne Imagery mapping done by the air, usually by plane, by taking images of 
the mapped object

Artesian “where groundwater is under sufficient pressure to rise above 
the ground surface”

a

Avon Catchment the catchment of the Avon river, WA

Capillary Rise “the upward movement of water caused by the molecular 
attraction between soil particles and water”

a

Collaborative Approach “to work together, especially in a joint intellectual effort” c

Base flow “groundwater that discharges into surface water systems such 
as streams and lakes”

a

Benchmark “a standard or point of reference against which things may be 
compared”

c

Bio-physical System “the biotic and abiotic factors that surround and affect the 
survival and development of an organism or population”

c

Bore Sampling/ Aquifer Sampling method of data collection, where “data is obtained through a 
drilled hole in an aquifer of deep in soil profile”

b

Direct Ecosystem Services “services that attract market prices, or are part of a composite 
market good for which hedonic pricing models might be used” 

(Kaiser & 
Roumasset, 
2002)

Discharge the loss of water from the groundwater system, which can occur
through evaporation, pumping, seepage, springs and a base 
flow to rivers and lakes

a

Discharge Area “an area where groundwater is discharged at the ground 
surface”

c

Dryland Salinity “a salinity caused by shallow water tables which result from 
anthropogenic induced changes in a catchment in which only 
water input is from natural precipitation” “dryland salinity may 
also be caused by soil erosion, which can result in exposure of 
saline subsoils”

(a; NSW 
Government, 
Environment & 
Heritage; 2013a)

Ecosystem Health “describes the condition of ecosystem” (Rapport, 1998) and 
“manifests itself through ecosystem services provisioning” 
(Foley et al., 2005)

(Foley et al., 
2005; Rapport, 
1998)

Ecosystem Resilience “the capacity of an ecosystem to absorb disturbance without 
shifting to an alternative state and losing function and services”

(Carpenter et al.,
2001; Ferreira, 
de Souza Dias &
Coates, 2013)
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Ecosystem Services “the benefits people obtain from ecosystems” (MEA, 2005)

Environmental System “the set of interactions between the elements of the biosphere, 
atmosphere, hydrosphere and lithosphere”

c

Evaporation “the process by which water passes from liquid to vapour and 
enters the atmosphere”

a

Evapotranspiration “the sum of evaporation and transpiration” a

Feedback Loop “feedback circuit: a circuit that feeds back some of the output to
the input of a system”

c

Fractured Rocks “rocks in which spaces are created by fractures, joints and 
partings. These provide groundwater storage and flow paths”

a

Functional “having a special activity, purpose, or task” c

Geological Cycle/ Rock Cycle “cycle of processes undergone by rocks in the earth’s crust, 
involving igneous intrusion, uplift, erosion, transportation, 
deposition as sedimentary rock, metamorphism, and further 
melting”

c

Groundwater “water that occurs beneath the ground surface in saturated 
zone”

a

Groundwater Equilibrium “a condition in which the amount of recharge to a groundwater 
system equals the amount of discharge”

a

Holistic “characterised by the belief that the parts of something are 
intimately interconnected and explicable only by reference to 
the whole”

c

Human processes/ Anthropogenic 
Processes

processes initiated by humans

Hydrogeology “the science that deals with sub-surface waters, including the 
geology of water-bearing rocks, the chemistry, physics and 
movement of groundwater, and the laws governing 
groundwater management”

a

Hydrology the branch of science concerned with the properties of the 
earth’s water, and especially its movement in relation to land

c

Hydrological Data “data describing the properties of earth’s water” c

Hydrological Cycle “cycle of Earth’s water, especially its movement in relation to 
land”

c

Indirect Ecosystem Services “services that lack market prices, or are not part of a compos-
ite market good for which hedonic pricing models might be 
used”

(Kaiser & Rou-
masset, 2002)

Integrated “with various parts or aspects linked or coordinated” c

Intermediate Groundwater Flow “groundwater flow over distances of 5 to 30 km and may occur 
across sub-catchment boundaries”

b

Key Stakeholders the ones who have the “capacity and responsibility to study and
manage the problem”

c

Land-use “land-use concerns the products and/or benefits obtained from 
use of land as well as the land management actions 9activities) 
carried out by humans to produce those products and benefits”

(FAO, 2014)

Land degradation “a natural process or a human activity that results in a loss of 
sustainability and economic function”

(FAO 1998)

Local Groundwater Flow “groundwater flow over distance less than 5 km within the 
confines of sub catchments”

b

Natural Capital “the extension of the economic idea of manufactured capital 
applied to environmental goods and services”

(Dominati et al, 
2010)
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Natural Processes/ Naturogenic 
Processes

“the action of natural forces” c

Option Value “he value of preserving a natural resource so that it might be 
employable in the future”

(Brookshire, 
Eubanks & 
Randall, 1983)

Partnership Approach an approach built on principles and practices of shared 
commitment

d

Pedology/ Geology “the science that deals with the dynamics and physical history 
of the earth, the rocks of which it is composed, and the 
physical, chemical, and biological changes that the earth has 
undergone or is undergoing”

d

Phytoremediation “a process of decontaminating soil or water by using plants and 
trees to absorb or break down pollutants” which covers in 
various processes – in the case of dryland salinity, we are 
specifically talking about phytoextraction (extraction of water) 
and phytostabilization (stabilisation of soil).

d; b

Recharge “the addition of water to a groundwater system” a

Recharge Area “an area on the ground surface where surface water from rain, 
irrigation or water bodies infiltrates the soil adding water to the 
groundwater system”

a

Resilience Theory The resilience theory recognises the self-regulating nature of 
biophysical components, in that “they continually adjust and 
readjust to account for changes in the underlying environment, 
and in response to external pressures and shocks, often in 
unpredictable ways” (Wheatbelt NRM, 2013). It also recognises
the existence of a tipping point at which natural resources 
usually undergo “dramatic and sudden changes” (ibid., Walker 
et al., 2004)

( Walker et al., 
2004; Wheatbelt
NRM, 2013)

Saprolite “chemically weathered rock” c

Saprolite Saturated Zone “ground materials in which all spaces are filled with water” a

Socio-economic System “of or involving both social and economic factors” d

Socio-ecological System “of or involving both social and ecosystem factors” d

Soil Health “the continued capacity of soil to function as a vital living 
system, within ecosystem and land-use boundaries, to sustain 
biological productivity, promote the quality of air and water 
environments, and maintain plant, animal, and human health”

(Pankhurst,  
Doube, & 
Gupta, 1997)

Soil Natural Capital “stock of natural assets yielding a flow of either natural 
resources or ecosystem services”

(Dominati, 
Mackay, Green 
& Patterson, 
2010)

Soil Biodiversity “the quantity and structure of the biological information 
contained in hierarchical living ecosystems”

(Blondel, 1995)

Soil Profile “a vertical succession of horizons, commonly lettered A, B, C 
(beginning at the surface), that have been subjected to soil-
forming processes, chiefly leaching and oxidation”

d

Soil Water “water contained in the unsaturated zone that is bound to soil 
particles above the saturated zone”

a

Sustainable Development "Development that meets the needs of the present without 
compromising the ability of future generations to meet their 
own needs"

(Bruntland 
commission, 
1987)

Terrestrial “of or on dry land” c

Threshold “the magnitude or intensity that must be exceeded for a certain 
reaction, phenomenon, result, or condition to occur or be 

c
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manifested”

Transpiration “the process by which plants give off water vapour through 
their leaves”

a

Unallocated Crown Land public land

Unconfined Groundwater System “a groundwater system usually near the ground surface that is 
in connection with the atmospheric pressure and where the 
upper level is represented by the water table”

a

Unsaturated Zone “ground materials in which spaces are empty or partially filled 
with water”

a

Water Table “the upper surface of groundwater (at atmospheric pressure) 
below which the layers of rock, sand and gravel are saturated 
with water”

a

a - Note. From NSW Government, 2013a
b - Note. From Australian Government, 2001
c - Note. From Oxford dictionaries, 2014
d - Note. From Dictionaries.com, 2014
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1. Introduction

For the last 200 years the human society has been living in an era, where the state and condition of the global Earth 
system hinges on both natural and human processes (Steffen, Crutzen & McNeill, 2007; Steffen et al. 2006). Some 
authors go as far as to refer to this age as a new geological era (Steffen, Crutzen & McNeill, 2007; Steffen, Grinevald, 
Crutzen & McNeill, 2011). While human induced processes are usually quick, sudden (ibid.), and driven by social and 
economic interests (Institute for Environment and Sustainability, 2013), natural processes are predominantly slow and 
in essence self-regulating (Steffen, Crutzen & McNeill, 2007). Past and present socio-environmental management, 
which does not recognise the role of healthy ecosystems in the long-term sustainability of our environment, stress the 
natural system. Natural system’s resilience has however boundaries or thresholds representing  certain magnitude or 
intensity, which when exceeded leads to a sudden and violent change in the system’s condition. To avoid such shifts in 
the natural system’s condition, on which humans absolutely depend, it is imperative that politics acknowledge the 
dynamics of our mutual relationship not only on paper, but also in our environmental policy and actions (Carpenter et 
al., 2009; Foley et al. 1996). To achieve that, scientists implement the ecosystem approach to sustainable development 
(Daily, 1997). At present, they can recognise the mutual relationship between humans and nature through ecosystem 
services, which represent both the health status of the ecosystems and the well-being humans are able to derive from the
ecosystems (Carpenter et al., 2009). As such, the ecosystem services are agreed to be the concept representing natural 
system response to the human actions (Robinson et al., 2013). However, to be able to apply this theory in practice, 
scientists need to find the right tool which truthfully represents the ecosystems and the benefits they bring. 

Dryland salinity in Australia is an environmental problem of terrestrial ecosystems caused by inappropriate land 
management, derived from economic and social pressures combined with poor knowledge of the local ecosystem 
(Cresswell & English, 2003; GHD, 2008; Heaney, Beare & Bell, 2001; Book 4 dryland, 2013). The issue is 
characterised as an accumulation of soluble salts, mainly sodium chloride (Pannell & Ewing, 2004), in the highest 
points of the soils surface. Dryland salinity occurs where salt is deposited on the top by wind, ocean spray and 
precipitation (Water facts wf15, 2000a), and where the level of saline groundwater reaches at least three metres from the
soil surface (Walker, Gilfedder & Williams, 1999). While the airborne salt deposition by wind and precipitation is a 
natural process, rising groundwater tables in Australia are predominantly caused by unsound human agricultural 
activity; specifically by the replacing the native perennial deep-rooted vegetation by annuals with shallow roots. Such 
replacement leads to an increase in the recharge of aquifers beyond their discharge capacity (Slinger & Tenison, 2007) 
and causes the rising of the groundwater table. Rising groundwater then reaches ancient storages of salt and becomes 
saline (Water facts wf15, 2000a). The mechanics behind the further rise of saline groundwater from the depth of up to 
three is based on capillary action, “the upward movement of water caused by the molecular attraction between soil 
particles and water” (NSW Government, 2013a; p. 44) which enables the saline water to be transported towards the root
zone or even higher (Australian Government, 2001; Australian Government, 2004). Here the mineral is deposited as 
water, its transport medium, evaporates (Brady & Weil, 2007). Thanks to the sum of both the natural and human 
processes, the Western Australian soils hold great amount of salt in its B & C profile (the subsoil and the parent rock), 
which is estimated to be around 2000 to 10 000 tonnes of salt/ha (2007 p. 1). Eventually, the high concentration of salt 
in soils, specifically the ions of dissociated salts, leads to annihilation of salt intolerant organisms and vegetation due to 
poisoning (Borg, 1989). In the case of vegetation the saline water can also cause the plants to die of drought, since 
saline water, having lower osmotic potential than the plant's leaf, retards the plant's capacity to draw enough H2O to 
sustain photosynthesis (ibid). These changes in soil biodiversity impact soil function and so the soil ecosystem capacity 
to provide ecosystem services (Cork, 2012a), such as nutrient cycling and soil formation.

The estimates of the spread and effects of dryland salinity in Australia vary widely. In 2001, the Australian Government
(2001, p. 6) estimated that roughly 5.7 million ha of Western Australia’s agricultural and pastoral land was affected, and
predicted the number to increase to 17 million ha by 2050; however, more recent estimates suggest the spread was 
closer to one million in 2001, and due to the dryer climate the number is likely to stay stable or decrease (Pannell & 
Ewing, 2004; Podmore, 2009; Slinger & Tenison, 2007). Here it needs to be taken into consideration that the presented 
number is a sum of all the impacted land. However, not all the parts of  Western Australia are impacted; while some 
regions are virtually unaffected by dryland salinity, others are heavily impacted (Pannell & Ewing, 2004; Podmore, 
2009). The Avon region, which is a part of the Western Australian Wheatbelt administrative region, is one of the most 
impacted areas (Australian Government, 2001). Here, the salinity issue is at the top of the policy agenda, as it imposes 
relatively high sanctions on the local farmers (Wheatbelt, 2013), since the environmental costs of dryland salinity 
translate into economic and social costs through the impaired ecosystem services provisioning. The lack of the 
supporting services, services which allow for the provisioning of all the other services which provide direct human 
benefits (provisioning, regulating, cultural (MEA, 2005)) (Cork, 2012b), is especially detrimental. The cost of the 
foregone ecosystem services can be finally quantified as the loss of the potentially derived benefits. Some concrete 
examples are the cost of disturbed infrastructure, increased flood risk and food and water insecurity. 

During the last 35 years, scientists and farmers have been working together to develop dryland salinity management 
options (DSMO) which would be effective and efficient in influencing the adverse hydrological processes (Bai, Zhuang,
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Ouyang, Zheng & Jiang, 2011). The available tools split into two generic groups: (i) phytoremediation, which is used 
for recharge and recharge/discharge management and (ii) engineering options which represent the discharge 
management.  While phytoremediation consists of tactical planting of native trees, shrubs, perennial pastures and their 
various combinations, the engineering options consist of tactical distribution of human made drainage and groundwater 
pumps. The ideal choice is generally guided by multiple factors: (i) the stakeholders’ goal (treatment, amelioration of 
impacts, getting used to living with salt), (ii) the size of the area available for DSMO application, (iii) availability of 
resources (financial, human, knowledge and skills) (Carpenter et al., 2009), (iv) the local climate and hydrological 
conditions, (v) the geophysical characteristics of the area (aquifer size, landscape, soil type) (Stirzaker et al 2000) and 
(vi) the proximity to the ecosystem salinity threshold (Australian Government, 2001). The proximity to the threshold 
especially has a major influence on the effectiveness of the DSMO as even though the ”time scales over which salinity 
establishes itself, spreads, and has its effects can be long, once established it can be very difficult or impossible to 
contain or reverse.” (PMSEIC, 1998 as cited in Australian dryland salinity assessment 2000, 2001, p.5)

Sustainable dryland salinity management therefore requires understanding of how natural systems react to changes in 
land-use, how these changes translate to the ecosystem resilience and how the impact on ecosystem resilience translates 
into the loss or gain of ecosystem services (Cork, 2012a; Crossman et al., 2013; Rapport, 1998). Ecosystem resilience is
described as “the capacity of an ecosystem to absorb disturbance without shifting to an alternative state and losing 
function and services” (Carpenter et al., 2001; Ferreira, de Souza Dias & Coates, 2013). Since the present economic 
system does not allow for universal monetary appreciation of ecosystem services, many of them stay out of 
consideration when land-use decisions are made. The role of the government is then to bridge this gap. 

To support the sustainable use of saline land, the Western Australian government offers strategic investment 
opportunities and professional help (Australian Government, 2001, Department of Sustainability, 2012, Salinity 
Strategy, 2010) through the regional natural resource management groups. In the Avon region, which is a part of the 
Wheatbelt natural resources management group (WNRM), the stakeholders have expressed an interest in a tool, which 
would allow them to include the consideration of ecosystem resilience into their decision-making process when 
planning which dryland salinity option to use on their farm or in their region. In their Strategy 2013 document the 
WNRM states:

“Land use is the key factor influencing the structure and function of ecosystems and in turn stressors on natural 
resources. In determining strategies for engaging the community in more effective NRM, it is important to consider the 
relationship between land use and the ecosystem services derived from the underlying natural resources” (Wheatbelt 
NRM, 2013). 

The Avon Region was specifically chosen as the case study area,  since it is greatly stressed by dryland salinity, 
compared to the rest of the Western Australia. Its farmers are proactive in dryland salinity management. The Avon 
region's NRM organisation (WNRM) was supportive of my research and allowed me access their resources.
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1.1. Research Aims

This thesis has three main aims:

(i)  To review relevant drivers of and limits to ecosystem services DSMO evaluation framework in the Avon 
region.

(ii) To review the existent ecosystem services land-use management evaluation frameworks applicable to the 
case of dryland salinity in the Avon region.

(iv) To synthesise an optimal ecosystem services-based DSMO evaluation framework for the Avon region, 
Western Australia.

1.2. Research Questions

The following research questions were proposed to guide the research:

(i) What are the causes and impacts of, and management options for, dryland salinity in the Avon region?

(ii) What are the state and regional drivers and limitations of ecosystem services based DSMO evaluation?

(iii) Which land-use management evaluation frameworks, applicable to dryland salinity management, consider 
ecosystem services and how?

 (vi) Based on the national to regional stimuli and constraints and the applicable ecosystem services based-
land-use management evaluation frameworks; how should the optimal ecosystem services based evaluation 
framework of the land-use management options for dryland salinity in the Avon Region look like?

1.3. Contribution of the Thesis

This thesis contributes to the discussions on sustainable saline land management. It builds on an argument brought up 
by the State Salinity Council and the Wheatbelt Natural Resources Management, that while land managers have a tool 
to assess the efficiency of DSMO, there is no tool which would assess the DSMO’ impact on the ecosystem resilience 
(State Salinity Council, 2010; Wheatbelt, 2013). Therefore, the WNRM calls for an ecosystem services based DSMO 
evaluation framework to be able to include the consideration for ecosystem resilience into its decision-making. Hence, 
the aim of the thesis is to propose a framework which would fill in this gap in the existing evaluation and so support 
state and regional integrative decision making and grant allocation to promote long-term sustainability of the regional 
environment (Wheatbelt NRM, 2013). 

In a wider context, the thesis wishes to contribute to the goal of enhancing the long-term human wellbeing by providing 
an instrument to support sustainable human interaction with ecosystems (MEA, 2005, p. 71).

1.4. Delimitation and Area of Study

The thesis deals with one central environmental issue viewed through two key theoretical concepts. The key 
environmental issue is soil salinization. The key concepts are: (i) ecosystem resilience and (ii) sustainable land-use 
management. 

In Australia, soil salinization is an inherent process; however certain human processes have accelerated its rate in the 
last two centuries (Book 1 Dryland, 2013). According to its underlying cause, anthropogenic soil salinity is commonly 
divided into four broad groups: (i) dryland salinity, (ii) irrigation salinity, (iii) urban salinity, and (iv) industrial salinity 
(ibid.). This thesis focuses on the dryland salinity which occurs on non-irrigated land and is caused by both erosion and 
exposure of salts (South-Eastern Australia), and by rising saline groundwater tables (ibid.). Such salt is most commonly 
sodium chloride (NaCl), regular table salt (Riasat, 2008). 

Vast amount of scientific work has been done on sustainable land management of salinity stressed ecosystems with 
regard to its resilience, defined as “the capacity of ecosystems to absorb disturbance without shifting to an alternative 
state and loosing function and services” (Carpenter et al., 2001; Ives & Carpenter, 2007). Among others, Pitman & 
Läuchli  (2002) and Folke et al.(2004)  present holistic results, such research is; however, too broad for the purpose of 
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this study. This thesis therefore limits its focus on the catchment ecosystem level and limits the land-uses to the dryland 
salinity management options commonly applied within Australia.
As the dryland salinity is not spread evenly throughout Australia the study focuses on the Avon region in the Western 
Australian Wheatbelt administrative region (refer to figures 1 & 2). This region was chosen for the following reasons. It
is Western Australia's most significant agricultural region, (Wheatbelt development commission, n.d.) where 
approximately 77% of population lives in rural areas (Wheatbelt, 2014); therefore the interest in sustainability is high. 
The Avon region is also Western Australian’s most dryland salinity affected region (Australian Government, 2011, 
Australian Government, 2009) with 79.8% of all the farms in the region and 451,044 ha of land showing signs of 
salinity, from which 63.2% is already unsuitable for agricultural production (Australian Bureau of Statistics, 2003). 
Furthermore, already about 81% of the region’s farmers had to adjust their land management practices to the salinity 

issue (ibid.). Therefore, dryland salinity management is the anterior issue on the agenda in the Avon region.

For the purpose of the framework, the evaluation of the interactions between ecosystem and DSMO is further restricted 
to a catchment basin scale, as proposed by Coram, Dyson & Ewans (2001).
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Figure 2: The Avon (river) region
source: Horticulture for tomorrow (2014)

m
Figure 1: The Wheatbelt administrative region
source: Discovery camper-vans Australia (2014)



2. Method

This chapter reflects upon the structure of the thesis and the method used for data collection.  It aims to review the mo-
tivation behind the data selection, and the possible bias. At the end of this chapter the researcher ethics is stated.

2.1. Thesis structure

To fulfil my aspiration of proposing an optimal ecosystem services DSMO evaluation framework, I first provide the 
methodological and theoretical background of the work. Then I describe the environmental problem of dryland salinity 
and review all the possible and feasible land-use management options which can be applied within the region, and 
which evaluation the framework should accommodate. To set the boundaries of the proposed framework, I review the 
WNRM strategy, the existing DSMO evaluation framework, and other regional political, economic and social stimuli 
and constrains. Then I audit five land-use ecosystem services evaluation frameworks. In the final stages of the thesis, I 
synthesise the optimal ecosystem services DSMO evaluation framework and discuss the limitations of the framework 
and the thesis and suggest further research. The discussion chapter is then followed by general conclusion.

2.2. Source of Data

This thesis draws on secondary data only, as it aims to construct a framework based on scientific knowledge and the 
character of the human environment, which is sufficiently described in related researches and statistics. The data was 
sourced from the governmental databases, through WNRM but mostly from the Internet, in a form of academic journals,
scientific books, statistical data and governmental material.

2.2.1. Source of Secondary Data

The secondary data search was conducted to collect information to build the theoretical background, review the drivers 
and limitation of the ecosystem services dryland salinity management options evaluation framework implementation 
and to review the possible frameworks. The material was predominantly sourced from the official governmental bodies 
either of Australia or the government of Western Australia, WNRM. Further secondary data was sourced from the Inter-
net. The types of publications used in the thesis are official reports, scientific books or journal articles. Some secondary 
data was also obtained from the Australian Bureau of Statistics and WNRM databases. While some of the publications 
on the theory behind the issue of dryland salinity are older 20 years, I have tried to use only the information which is 
universal and still relevant, or I have discussed its limitations. Other literature was mostly published within the last 10 
years, which is a relevant span, considering the issue and considerable lack of newer research. All the literature describ-
ing the regional drivers and boundaries for the new framework implementation was published within the last 1-5 years, 
to support the relevance of this thesis.

2.2.2. Limitations of the Secondary Data and Researcher Bias

The data on the future occurrence of dryland salinity provided in the latest governmental publications, released in 2001, 
is not valid. This is because the definition of dryland salinity has recently changed to include its additional cause of an 
anthropogenic soil erosion (Australian Government, 2001; Short & McConnell, 2001; NSW Government, Environment 
& Heritage, 2013a).

The data describing the social and economic drivers and boundaries to the proposed framework were not accessible for 
the Avon region alone. Therefore I have resorted to presenting data describing the whole Wheatbelt, as the Avon region 
fills in the majority of the Wheatbelt, and the data was easily accessible.

The frameworks analysed in the thesis were obtained freely from the Internet, with the exception of Dominati et al., 
(2010), who had granted me free access to the framework on the premises of my student status. The key words I have 
used to generate the possible frameworks were: land use ecosystem services evaluation; ecosystem services framework; 
soil ecosystem services framework; land use change evaluation; remedy ecosystem services evaluation and conserva-
tion ecosystem services evaluation. I have found multiple frameworks which were incomplete, specific problem fo-
cused, limited to unrelated indicators or have never been tested.  The rest of the frameworks were either the original or 
an augmented version of the five I have included. Also, not all of the frameworks provided definitions of the concepts 
used or discussed; for that purpose I have provided their definitions from different but related sources.

The potential bias which might have had influence on the data collected is the fact that English is not my native lan-
guage.
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2.3. Research Ethics

The research was conducted in accordance with the Code of Ethics of the American Educational Research Association
(2011). I have avoided searching for information with a certain value, such as information supportive of my
conclusions. I have aimed to present all the information with its original author. To my knowledge, I have not
misrepresented any source or author. Where possible, I have acknowledged all the authors of my sources.

It should be stated that I have resorted to use secondary data only after aborting my antecedent plan to also conduct a 
wider participatory research aimed to evaluate the farmers’ willingness to invest in the DSMO which would prove to 
strengthen the long-term ecosystem health. There were two main reasons I have not been able to put the preferred meth-
od in action. Firstly, previous to the research planning, I have not considered the farmers seasonal schedule. When I 
called them for the research planning, they were busy preparing their fields for the new season and had no time to get 
together. The second reason was that the participating framers’ location (refer to figure 3), which made it unfeasible lo-
gistically, as the farmers live in vastly remote areas. This theme remains interesting and is important to be further re-
searched; however the absence of this data will not influence the final result of this thesis.
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Figure 3: Primary data research - potential participants



3. Theoretical Background

3.1. Conceptualising Dryland Salinity Management in the Avon Region; the 
Ecosystem Approach to Sustainable Land Management

The goal of this thesis is to synthesise a tool for DSMO evaluation on the premises of its impact on ecosystem 
resilience.This thesis works with multiple scientific concepts, which I wish to define and put in a logical perspective to 
support the relevance of the thesis.

To be able to assess any capacity of a system, it is crucial to limit its boundaries. The dynamics of ecosystems and 
human systems can be viewed from multiple spatial perspectives. In 1974, Lovelock and Margulius were the first to 
come up with a scientific earth system theory, which explains the global earth processes (Steffen, Crutzen & McNeill, 
2007; Steffen, Grinevald, Crutzen & McNeill, 2011). Their theory established that “early after life began [on the planet]
it acquired control of the planetary environment and that this homeostasis by and for the biosphere has persisted ever 
since” and was called the Gaia hypothesis (1974, p. 1). Since then multiple earth system theories appeared, gradually 
moving from order and singularity of the system driving force to non-linearity and so called unpredictable strange 
actors (Gleick, 1988). It was in 1999, when Petit (1999) finally proved that the earth system behaviour does really 
depend on all planetary cycles (e.g. hydrological cycle and carbon cycle). This concept of an integrated system is very 
complex and the scientists today agree that there need to be new, so called ‘post-normal’ methods developed to allow us
to monitor and model the system behaviour (Kay, 2000). While considering the dryland salinity management options 
within this system would provide us with the ultimate decision making information, it is simply unrealistic and the 
information would have only limited temporal validity as the system undergoes multiple changes at the same time. 

For the purpose of land management, scientists consider its interactions with the natural system on an ecosystem scale, 
which is widely considered pertinent (Steffen, Crutzen & McNeill, 2007).  Defined by the United Nations, an ecosystem
is “a dynamic complex of plant, animal, and microorganism communities and the nonliving environment, interacting as 
a functional unit, …[this unit] has strong interactions among its components and teak interactions across its 
boundaries.“ (MEA, 2005). The boundaries indicators, as suggested by the Millennium Ecosystem Assessment are set 
where a number of disturbances coincide (2005). Taking into account the theme of dryland salinity management, the 
limits of the ecosystems applicable for this thesis are the soil types and drainage basin.

Ecosystems, as parts of the holistic earth system, are essential for human well-being. They supply us, humans, with 
benefits which environmental scientists call 'ecosystem services' (MEA, 2005). There are four groups of services as 
identified by the United Nations: (i) provisioning (e.g. water, food), (ii) regulating (e.g. disease control), (iii) cultural 
(e.g. educational) and (iv) supporting (e.g. nutrient cycling) (MEA, 2005). The quality and quantity of the services 
supplied depends on the inherent capacity of the ecosystem to provide them and the health status (ibid.). The health of 
the ecosystem further depends on its resilience, defined as “the capacity of an ecosystem to absorb disturbance without 
shifting to an alternative state and losing its function and services” (Carpenter et al., 2001; Ferreira, de Souza Dias & 
Coates, 2013). To support the ecosystems’ resilience, scientists and policymakers have to recognise the attributes that 
govern its dynamic (Folke et al., 2010; Walker et al., 2004). Walker et al. (2004) state that these attributes in human-
managed landscapes are influenced by the socio-ecological systems, the interaction between the humans and 
ecosystems. They further suggest that to manage our landscapes sustainably the social goal needs to shift from the 
maximum yield to environmental management. Such approach to land management is in scientific literature called 
‘sustainable land management’ (SLM). The SLM was first defined at the UN Earth Summit in 1992 as “the use of land 
resources, including soils, water, animals and plants, for the production of goods to meet changing human needs, while 
simultaneously ensuring the long-term productive potential of these resources and the maintenance of the environmental
functions (services)” (FAO, 2014, p.1). The United Nations consider the SLM “imperative for sustainable development,
since it plays a key role in harmonising the complementary, yet historically conflicting goals of production and 
environment” (Brussaard, de Ruiter, & Brown, 2007; FAO, 2014; The World Bank, 2013). Translated to the case of the 
thesis, it is not enough to only measure the efficiency of the DSMO at lowering the saline groundwater tables which 
allows for higher yields of common crops. It is essential to also assess their impact on the ecosystem health.

To evaluate the SLM in agro-ecosystems, scientists use natural capital quality indicators (Henrrick, 2000). The term 
natural capital refers to “the extension of the economic idea of manufactured capital applied to environmental goods and
services” (Dominati et al, 2010) and as such consists of “stocks or flows of natural assets (e.g. soil, forests, water 
bodies) that yield valuable goods or services into the future” (Costanza and Daly, 1992, p. 38). Specifically, the quality 
of soil natural capital indicator is used the most, as soil is the common denominator of all land uses (Herrick, 2000; 
Schnoor & Thomas, 1994).  The soil quality is defined as “a value which reflects the soils’ capacity to sustain plant and 
animal productivity, maintain or enhance water and air quality, and promote plant and animal health” (ibid.). In 2000, 
Herrick stated that the soil quality based land management evaluation would be an invaluable tool; however, there were 
no such frameworks developed yet. Since then, multiple frameworks based on a similar principle emerged, aiming to fill
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in this gap in research. Some translate the soil quality, condition or quantity of biota into soil functions/ processes (these
two are considered to be mutually interchangeable), where soil functions or processes are defined as physical, chemical 
or biological processes generally derived from the underlying soil biota activity (Brussaard & et al., 1997). In the 
Millennium Ecosystem Assessment, the soil functions are even labelled as the supporting services of the ecosystem 
(MEA, 2005). Others go further from there and translate the soil characteristics and attributes into the three remaining 
groups of ecosystem services (the provisioning, regulating and cultural). This ecosystem services approach to 
sustainable  land management, based on the ’stock-fund’- ‘fund-service’ principle (Robinson et al., 2013), has become 
the focus of the research for soil scientists and land managers, especially in the last decade (Aguilar, 1999; Cork et al., 
2012a; Dominati et al, 2010; Ferreira et al., 2013). 

Even though there is no scientific consensus on the definition, valuation and nature of the ecosystem services (Dominati
et al., 2010), it remains popular among land managers for its holistic outlook and flexibility of indicators (Ferreira et al.,
2013; Patterson & Mackay, 2010).  Since the early 1960, multiple economists have attempted to develop frameworks to 
make the services visible to socio-economic human systems (Dominati et al., 2010; Gennaro, 2012; Kaiser & 
Roumasset, 2002). This gave rise to two well know schools of thought: (i) the ecological economics which studies the 
interactions and co- human economies and the natural ecosystems (Xepapadeas, 2008); and the (ii) environmental 
economics, a field of economics concerned with environmental issues. While environmental economics operates on the 
basis of neoclassical economic theory and so called weak sustainability, the ecological economics is based on strong 
sustainability and rejects the neoclassical economic theory (Gennaro, 2012). The strong sustainability concept argues, 
unlike the weak sustainability concept, that natural capital is not substitutable by human capital and vice versa. Today, 
organisations such as the United Nations operate on the premises of environmental economics. Environmental 
economics further divides the economic values into the use and the non-use value. This division is crucial for policy-
makers. It basically says that economists can consider andput a price value on some services, while others stay left out 
of the consideration. Nevertheless, even the valuation of ecosystem services, which economists recognise as having a 
use value, remains a challenge, since it builds on services’ definition and nature which is not unified yet (Dominati et 
al., 2010). Australia operates on the neoclassical economy, hence environmental economics, basis (Australian 
Government, 2004).

Any concepts used in the thesis which are not defined here are either defined in the text immediately following or in the 
Glossary of Key Terms.

3.2. The Causes and Impacts of Dryland Salinity in the Avon Region

Dryland salinity in Australia has been described as a problem of extensive externalities, off-site impacts, established 
through inappropriate land management (Pannell, McFarlane and Ferdowsian, 2001c, p.459). While it was recognised 
as early as in 1917 that the low laying landscape in many parts of Australia is gradually becoming saline, the cause 
remained a mystery for another three decades (Bleazby, 1917; Schofield & Ruprecht, 1989). As the scientific 
knowledge progressed it was recognised that land salinisation has multiple causes.  It was in 1998, when Nulsen & 
Evans distinguished the dryland salinity from the natural and other anthropogenic (human influenced) land salinities as 
“the salinity caused by shallow water tables  (< 3 metres under the soil surface) which result from anthropogenic 
induced changes in a catchment in which only water input is from natural precipitation” (Nulsen & Evans as cited in 
Short & McConnell 2001, p. 5). This definition has recently grown to include another cause of dryland salinity, 
anthropogenic land erosion (NSW Government, Environment & Heritage, 2013b). The occurrence of dryland salinity, 
while caused by humans, is also influenced by the local geological and hydrological cycles. Altogether, to alleviate the 
dryland salinity pressure on the landscape, landscape management has to strive towards lowering the saline groundwater
tables and soil erosion.

Specifically, the Avon region (refer to figure 2) landscape has undergone great changes since the European settlement in
1827 which can be ascribed the contemporary policy. According to the settlement rules, to claim land, the aspiring 
farmers had to clear 90% of that land for agricultural production (Australian Government, 2011; Australian 
Government, 2013). This imperative land clearing was followed by other policy regulations which finally lead to the 
clearance of a majority of the remaining bushland by 1949 (ibid.). This clearance lead to two major causes of dryland 
salinity, soil erosion and rise of groundwater levels, as explained below. Today, only about 18% of the total land of the 
Avon region is covered by native vegetation, 62% of which is on the private land (ibid.). 

The native deep-rooted, mostly perennial, vegetation has been replaced by exotic shallow-rooted, mostly annual, 
vegetation (Saunders, 1989). Due to the different water attraction and absorption ability of the new agricultural crops, 
which have been grown on more them 90% of the land, the water balance of the region was changed. The sudden 
change of the regional ecosystem allowed for greater recharge of the aquifer then its discharge and so the groundwater 
tables started to rise. Thanks to the varying geology and hydrology of the Avon region, the landscape reacts differently 
from South-West to North-East. 

The key underground factors influencing dryland salinity are the quantity of salt stored in the landscape and the aquifer 
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geology (GHD, 2009), which scientists call the groundwater flow system. Here the salt loads determine the groundwater
salinity; the aquifer geology determines the movement of the saline groundwater through the aquifer or landscape. The 
quantity of salt stored in the soil profile in the Avon region landscape is very high, and is of aeolian origin, being slowly
deposited on the topsoils of the WA for millions of years (GHD, 2008).  The geology of the Avon region area can be 
divided into three distinct groundwater flow systems. Local flow systems in deeply weathered rocks are in the South-
West, intermediate flow systems within sedimentary sequences infilling large valleys are in the South – West to East, 
and local flow systems associated with sand dunes are in the East (a.a. pp. 107-123). The characteristics of these flow 
systems are very important for groundwater level modelling and are presented in the appendix – table 7.

The key above-ground factors influencing dryland salinity are the local climate, type of vegetation and vegetation 
coverage (GHD, 2008). The regional climate is becoming increasingly drier from the East (Australian Government, 
2011), and the weather is overall becoming more unpredictable, especially winds which react to the warming up of the 
Pacific Ocean (Australian Government, 2011; Bates et al., 2008). The type of vegetation is by majority annual crops and
pastures (ibid.).

To evaluate the spread of dryland salinity and the effectiveness of dryland salinity management, scientists use multiple 
mapping and monitoring methods such as airborne imagery, which maps the present spread of salinity, and bore 
sampling and satellite and ground hydrological data, which are used for salinity modelling (CSIRO, 2009; Grains 
research & Development corporation, n.d.; Spies & Woodgate, 2005; Western Australian Salinity Action Plan, 2009). 
This data collected from multiple governmental and non-governmental organisations (refer to appendix – table 8) are 
processed by the national government, on an ad hoc basis, in two major reports: (i) the Dryland Salinity Assessment 
(Australian Government, 2001) and (ii) the Resource Management Technical Report (Short & McConnell, 2001). Both 
the latest versions of these reports evaluate the spread of dryland salinity solely on the basis of groundwater levels and 
predict its future spread according to the aquifer characteristics. They do not consider the dryland salinity caused by soil
erosion, which was added 12 years later (Australian Government, 2001; Short & McConnell, 2001; NSW Government, 
Environment & Heritage, 2013c).

According to the above documents the state of Western Australia has proportionally the largest area of land affected by 
dryland salinity. The projections of future spread of the salinity, up until 2050, are unfortunately similarly negative 
(Australian Government, 2001; CSIRO, 2009; Munday & Mitchell, 2006). From the total of 44 million ha, it was 
estimated that 5.7 million ha of the WA agricultural land was already affected in 2000. This number was predicted to 
grow up to 7.5 million in 2020 and 17 million in 2050 (refer to figure 4) (Australian Government, 2001). Multiple 
scientists have discarded these numbers as overestimated, mostly because they do not account for the dryer climate 
(Munday & Mitchell, 2006; State Salinity Council, 2010). Nevertheless, no recent official documents have augmented 
the numbers or conducted new research in WA. In 2010, the WA State Salinity Strategy proposed that the number has 
reached 1.8 million in the south-west agricultural region alone (State Salinity Council, 2000).

While scientists and land managers have a good knowledge of the origin and management of the issue, a great majority 
of the affected land is private and the allocation of resources is determined by a cost/benefit analysis. In 2004, Pannell, 
& Ewing (2004, p. 3) stated:

“Despite this [salinity] emphasis, the current scientific knowledge of salinity indicates that we have made relatively 
little progress towards changing practices on the scale that would be effective in preventing groundwater rise, and 
thereby dryland salinity”.

The increased salinity of land causes the terrestrial ecosystems to suffer, which affect the biota health and negatively 
affecting biodiversity, which essentially secures the ecosystem functioning through various biophysical and chemical, 
processes (Powell, 2004). The State Salinity Strategy warns that if the salinity management will not start tackling the 
problem efficiently, in 2050, the likely results will include extinction of 450 plant species endemic to the region, 
decrease of the water bird population by three quarters, outflow of the rural population, yearly agricultural loss of up to 
$400 million, among others (State Salinity Council, 2000, p. 10/20).
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Figure 4: Dryland salinity risk in the South-West WA in 2000 
(left);and in 2050 (right)
 source: Australian Government, 2001, p. 36-37



4. Stimuli of and Constraints to Ecosystem Services-Based Dryland 
Salinity Management Options Evaluation Framework

This section aims to describe the environments and factors which influence the format of the optimal 
ecosystem services DSMO evaluation framework for the Avon region.

4.1. Environmental Stimuli 

4.1.1. Dryland Salinity Management Options in the Avon Region

This section aims to provide a basic characterisation of DSMO and their application. Thereafter, on the basis of their 
efficiency in dryland salinity treatment, I limit their number to those relevant for the Avon region. This step serves to 
further adjust the boundaries of the study and finally to limit the inputs the proposed framework needs to accommodate.

The Bureau of Statistics has mapped the DSMO used
in the Avon region in 2003, as shown in the figure 5
(2003). The most widely used phytoremediation option
was horticulture with 43% of the managed land (ibid.).
It was followed by high-water use annual crops,
perennial pastures and fodder shrubs with 38% (ibid.).
The least favourite phytoremediation option was
fencing off the impacted which was done on total of
19% of the managed area (ibid.). There has also been
built 41,944 km of discharge earthworks, and drainage
(ibid.). However, today, there are many more DSMO
available for the Avon region farmers and the WNRM
managers to choose from, and yet new options are
developed every year (Australian Government, 2001,
Powell, 2004). 

The interplay between dryland salinity and local
environmental, social, economic and political factors attract different management options (George et al., 1999; 
McFarlane & George, 1992; NSW Government, Environment & Heritage, 2013c). While the regional to national 
strategy objective is championing causal and symptomatic treatment, adaptation and prevention usually makes better 
on-farm economic sense (ibid.; Powell, 2004).  In general, the ideal choice for farmers is the management option which 
provides the greatest salinity treatment and the highest profit (ibid.). This is understandable, as farmers are business 
enterprises and the short-term bottom line of any business is zero profit for the business to survive, when the income is 
equal the expenses. There are some philanthropic farmers who do invest in an option value of the dryland salinity 
affected land; however, there are likely not to be many who can afford to do so. The concept of option value, used in 
this context, refers to the value of preserving a natural resource so that it might be employable in the future (Brookshire,
Eubanks & Randall, 1983). In general farmers make business decisions, which can be characterised as decisions which 
are likely to bring a profit (Oxford dictionaries, 2014). In areas highly impacted by dryland salinity, the treatment and 
amelioration is a lengthy process, implying that the investment in dryland salinity options is long-term, therefore does 
not have to make economic sense. Overall, generally, the cost/ benefit analysis is the first and the last condition the 
dryland salinity options have to fulfil to be considered (Australian Government, 2001). 

However, for the DSMO to be truthfully represented in the cost/ benefit analysis, they have to be considered within the 
area of application (Australian Government, 2001). As stated in the preceding chapter, not all DSMO work the same on 
different places. The local hydrological cycles and the groundwater flow systems are the main influencers of the DSMO
efficiency. Therefore where an option used on the North would be very efficient, the very same option applied in South 
can prove inefficient. The three categories of DSMO efficiency, as defined by the Coram, Dyson & Evans (2001), are: 
(i) prevention, (ii) symptomatic treatment, (iii) causal treatment. 

For the purpose of the thesis it is also important to divide the DSMO according to their approach which is related to 
their impact on the ecosystem. The approaches are generally divided into three groups: (i) recharge, (ii) 
recharge/discharge and (iii) discharge management options, and further according to the prevailing method used (refer 
to figures 6 & 7) (Coram, Dyson & Evans, 2001). The first and second groups are generally different forms of 
phytoremediation and generally involve widespread re/introduction of deep rooted perennial vegetation in a landscape. 
In the case of recharge management, the vegetation is usually represented by native perennial pastures and shrubs, in 
the case of recharge/ discharge management it is horticulture. The horticulture is considered recharge/ discharge form of
management, as the trees not only prevent the recharge of the aquifers but also help in aquifer discharge by directly 
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Figure 5: Phytoremediation - dryland salinity management options 
in the Avon region by percentage; source: Australian Bureau of 
Statistics, 2003: 



taking up water through the roots (Australian Government, 2001; ibid.). The third group represents engineering options 
for dryland salinity management. These are either structures, such as shallow and deep drains, or machines such a 
groundwater pumps (ibid.). While groundwater pumps and deep drainage generally create the need for management of  
the discharged saline water, so it is discharged outside the aquifer area and does not negatively affect any other  
terrestrial or aquatic ecosystem, the phytoremediation is more ecosystem friendly (Powell, 2004).

Table 1 below shows the three Avon region areas by groundwater-flow system, (for more information about the 
groundwater-flow systems please refer to the appendix – table 6 & 7) considering their hydrological conditions, and 
their impact on the applicability and efficiency of various DSMO. The DSMO listed here were retrieved from the 
Australian Salinity Assessment 2000 document and present a total list with the addition of the salinity tolerant crops,  
tillage and fallow management, which are suggested for consideration by the WNRM (Australian Government, 2001, 
Wheatbelt NRM, 2013). The groundwater flow systems’ information was also sourced from the Australian Salinity 
Assessment 2000 (Australian Government, 2001). The information about the DSMO applicability was sourced from 
case studies presented by Powell and Walker, Gilfedder & Williams (2004; 1999). Table 1 shows that, in the Avon 
region specifically, we do not have to consider: tillage to promote root growth, elimination of fallow periods, 
opportunity cropping, phase cropping and higher water-use annuals DSMO as they are not likely to impact the 
groundwater levels.

Table 1: Applicable of dryland salinity management options in the Avon region
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Figure 7: Deep Drainage; source: CSIRO, 2009 

Figure 6: Groundwater pump; source: Wiesenfeld, 2005 

South-West Avon region East Avon region

Recharge Management tillage to promote root growth N/A N/A N/A

eliminating fallow periods N/A N/A N/A

opportunity cropping N/A N/A N/A

phase cropping N/A N/A N/A

alley cropping prevention N/A N/A

higher water-use annuals N/A N/A N/A

perennial pastures prevention prevention

shrubs prevention symptomatic treatment causal treatment

symptomatic treatment symptomatic treatment prevention

salt-tolerant grasses and cloves prevention prevention prevention

horticulture symptomatic treatment symptomatic treatment causal treatment

saline horticulture symptomatic treatment prevention symptomatic treatment

Discharge Management groundwater pumping N/A symptomatic treatment causal treatment

deep drainage N/A symptomatic treatment symptomatic treatment

shallow drainage symptomatic treatment symptomatic treatment symptomatic treatment

short description of the area geomorphological characteristics

Source: Australian Government, 2001, pp. 97 – 129; Powell, 2004; Walker, Gilfedder & Williams, 1999

                                                                                        Area
DSMO

South-West to East Avon
region

symptomatic – causal
treatment

fencing, firebreaks creation, pest
removal, remnant native
vegetation management

Recharge / Discharge
Management

- moderate seasonal nature
of recharge
- non-permeable
landscapes
- quite saline
- local flow systems
- saprolite
- moderate annual rainfall

- episodic nature of
recharge
- highly to non-permeable
landscapes
- very saline
- intermediate flow systems
- alluvial sediment
- low annual rainfall

- episodic nature of
recharge
- highly permeable
landscapes
- salinity seeps at the base
of dunes
- quite saline
- local flow systems
- aeolian sediment
- low annual rainfall



4.2. Social, Economic and Political Stimuli and Constraints

The optimal framework does not only have to accommodate environmental issues but it also needs to acknowledge the 
wider social, economic and political (socio-economic) environments. It is these environments that would adjust 
according to the feedback provided by the framework. Therefore, it is important for the framework to be designed to 
acknowledge the demands of all the environments to be able to provide relevant and valid feedback.

4.2.1. Social Stimuli and constraints

For the purpose of this thesis, I can limit the interested society to the Avon region. For the ecosystem services-based 
evaluation framework, which translates the impact of land-use into a shift in human benefits provisioned by the 
ecosystem, it is important to identify all the beneficiaries (Pannell, 2002). In this thesis, I call this group ‘stakeholders’. 
According to Spies, & Woodgate (2005), there are four basic groups of stakeholders scientists have to consider when 
valuating ecosystem services, as they have different motives and needs. Those groups are distinguished based on the 
urgency of obtaining the ecosystem benefits and their general interests (ibid.) (refer to table 2).

Table 2: Dryland salinity management - key stakeholders and their generic interests

It is further important to consider the social environment within which the stakeholder exist. The social environment, 
defined by Barnett & Casper (2001), as “the immediate physical surroundings, social relationships, and culture within 
which defined group of people functions and interacts“. They further state that to define the social environment, the 
following nine components should be included: (i) built infrastructure; (ii) industrial structure, (iii) population 
demographics, (iv) beliefs about place and community, (v) race relations, (vi) social inequality, (vii) cultural practices, 
(viii) the arts and (ix) governmental relations (ibid.). Barnett & Casper (2001) also state that understanding the history 
of power relations embodied within the contemporary social environments is important in understanding the social 
dynamics. It is necessary to say that most of the following information has only limited value, as the data on the Avon 
region was generally not accessible, and therefore I am presenting data describing the wider Wheatbelt. However, the 
discrepancy should not be peremptory since the Avon region and the Wheatbelt administrative region are almost as big. 
From the above components, I will only focus on those which represent the relationship between the human society and 
the environment, therefore omitting the built infrastructure, race relations, arts and social inequality; I will also not 
discuss the government relations as I do so in the chapter Political Stimuli and Limitations.

The industrial structure of the Avon region is not very diverse. The dominant industry in the Avon region is agriculture, 
specifically horticulture and mixed cropping (grain/ livestock) (Government of Western Australia, n.d). Thanks to the 
close proximity to Perth, the region hosts mining of ore, gold, gypsum and heavy mineral sands; and also ‘international 
visitor and day-trip’ market of the tourism industry. Also, in the central area, the renewable industry is becoming to 
build up (ibid.).

The population of the Wheatbelt is by 4% of Aboriginal descent and 15% of population which was born in Australia 
(Government of Western Australia, 2013). Therefore, about 81% of the population in this region is first generation 
immigrants (ibid.). From the total of 74,000 people living in the region, there are proportionally too little young people 
(15-24) and too many older people (65+) (ibid.). This is attributed to high-level of rural out-migration for better 
employment or education (ibid.). More than 45% of the Wheatbelt population has only primary to secondary education; 
this is mostly because of the remoteness of the places and lack of educational infrastructure (ibid.). According to the 
WNRM, the missing human capacities of the local stakeholders, in sustainable land management, represent major social
boundary to ecosystem services inclusive land-use evaluation (Wheatbelt NRM, 2013). 

The cultural agricultural practices of the Aboriginal people are non-existent, as they have never adopted any kind of 
agricultural production of crops of domesticated animals; they have stayed hunter-gatherers (Tantiprasut, 2003). The 
cultural agricultural practices of the immigration are predominantly annual crops and sheep and cattle livestock (ibid.). 

The component (iv), believes about the place and community, would be very interesting to investigate, however I have 
not been able to locate any such data about the Avon nor the Wheatbelt regional community. This information will be 
especially relevant to the framework, as it determines the direction of the regional strategic decision-making, tactics and
community planning.
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Stakeholders Interests

Farm scale immediate, business-related interests

Local community immediate & longterm, business/community wellbeing-related interests

Catchment management group longterm, community-related  interests, most effective solution

State/ territory/ national longterm, most effective solution

Source: Spies, & Woodgate, 2005, pp. 7-9



4.2.2 Economic Stimuli and Constraints

The Australian Bureau of Statistics conducted a survey specifically on the WA farmers’ motivation to change their land 
management practices to more sustainable (2003). The survey suggested that the biggest motivators to change were 
farm sustainability, environmental protection and increase in productivity, recognising the need to sustain ecosystem 
services; and the biggest barrier was lack of financial resources (Australian Bureau of Statistics, 2003). The government
strives to close this gap by providing a certain amount of funding, which is however hard to estimate mainly for the 
following two reasons.

The Australian Government, as stated in the theoretical background, operates on the basis of neoclassical economics. 
This means that the ecosystem is valued on the merit of its human benefits, in other words, the monetary value of 
ecosystem services (Pannell, Althus, Morrison & Moerch, 2001b). While the neoclassical economics does pay attention 
to the environment through so called environmental economics, it fails to account for all of the ecosystem services the 
same (ibid.) (refer to figure 8). Some of the services are accounted for through the benefits the very benefits they 
provide, some through the cost of substitution and other through their possible future resource value, the rest has so 
called inherent or non-use value (ibid.). The non-use ecosystem services are the ones left out of the cost/benefit analysis
(Coram et al. 2001). In 2001, the Treasury of Western Australia published research on economic tools for salinity 
treatment; however none of them offered valuation of the non-use ecosystem (ibid.). According to Pannell et al. (2001c;
2002), the treasury stated that no such economic tool exists as the scientists failed to provide them with valid and 
relevant input data (ibid.). Nevertheless, there is no tool to put a dollar figure on all of the ecosystem services, making 
them all visible in the cost/benefit decision-making (Department of Water, 2014; Hayes, 1997; Pannell, Althus, 
Morrison & Moerch, 2001). 

The issue of double accounting is also a limitation for the monetary valuation of ecosystem services (Boyd, 2007; Boyd 
& Banzhaf, 2007; Wallace, 2007). Accounting for supportive services separately from the other three services does not 
make scientific sense, as the supporting services literally support the other services and therefore their value covers 
some part of their value.

4.2.3 Political Stimuli and Constraints

In this section, I will firstly focus on environmental politics through its history, to create an image of the regional 
decision-making dynamics; relevant to the understanding of the local governmental relations (see chapter 4.2.1. Social 
Stimuli and constraints). Secondly I will examine the present state of the regional dryland salinity strategy.

The governmental relations and history of environmental policy creation and delivery is described below, first for the 
whole Australia and then specifically for the Avon region. The origin of the first national dryland salinity policy was in 
1980 and was executed the same way for the next twenty years (Pannell, 2001a). Recently; however, the approach to 
environmental decision making has changed (Australian Bureau of Statistics, 2003; NRM online – catalogue, n.d.; 
Pannell & Ewing, 2004; Spies & Woodgate, 2005). The wide context of Australian dryland salinity management 
decision-making comes from the national policy, which sets the principle of action to be undertaken, the state strategy, 
which sets long-term goals and plans of action, and the regional tactical plans, which are semi-long-term plans which 
specify how to achieve the strategic goals (ibid.). Regional planning then fell onto the regional community which 
developed operational, day-to-day plans of action (Pannell & Ewing, 2004; Spies & Woodgate, 2005). Today, while the 
responsibilities on the four decision-making levels have not changed, a new responsibility was added to the three 
bottom levels (ibid.). Before the decision-making followed the top-down model, but today the strategy is not created 
only on the state, but also the regional level (ibid.). Here, the regional decision making organisation, the NRM, is the 
mediator between the state strategy and the regional community. This new approach aims to involve the bottom-line 
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Total Economic Value

Use Values Non-Use Values

Source: Cork et al, 2000 in Wheatbelt NRM, 2013b, p. 1

Direct Use Values 
Food crops, wood for
fuel, recreation,
transport

Indirect Use Values 
Flood control,
pollination, pest
control

Option Values
Genetic resources
that could be
useful in the future

Existence Values 
The value placed
on the existence of
other species

Bequest Values 
passing on
functional
ecoszstems to
future generations

 
Figure 8: Composition of NRM values



decision makers in strategy and tactical plan creation, as their knowledge and capacity to act has been recognised as 
crucial for the dryland salinity management (ibid.).

The state of Western Australia developed its first state salinity strategy in 1996, followed by an augmented version  in 
2000 which stressed the urgency of participatory treatment of dryland salinity, which was believed to have been 
underestimated in 1996 (Natural resource management in Western Australia, n.d.). By then, the Avon region has 
already a long history of community based natural resource management. The first regional group initiative, the Swan-
Avon Integrated Catchment Management (ICM) Group, was established in 1996 (Our history, 2014). This group 
became the Avon Working Group in 1997, when representatives of the scientific community and government were 
added to the members list. It developed its first Natural Resource Management Strategic plan in 2001 (ibid.). In 2002 
the group was renamed to the Avon Catchment Council and became the official NRM under the National Action Plan 
for Salinity and Water Quality (NAPSWQ) and the Natural Heritage Trust funding (Avon Catchment Council, 2005). 
During the years 2005-2008, the council focused its funding and resources “on large scale strategic projects targeting 
high value public assets” (), the Avon River itself and its pools (saline inland lakes) among others (Wheatbelt NRM, 
2013a, p.1). In 2009, the Avon Catchment Council became the Wheatbelt Natural Resource Management (WNRM) 
Incorporated, as the NAPSWQ and the Natural Heritage Trust ceased to exist. Today, the WNRM is an independent 
community-based organisation, as every other NRM, which redistributes governmental funding according to the 
national policy and regional strategy (ibid.) A brief temporal outline of the decision-making history is summarised in 
the Table 3.

Table 3: Review of the historic and contemporary governmental programs targeting dryland salinity
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The Governmental Program The aim Spatial focus Active

farm 1983 - 1997

national 1993 – 2000

national 1993 – 2004

2000 – 2008

Natural Heritage Trust (NHT) region, catchment 2000 - 2008

region 2002 – x

national 2002 – x

National Landcare Program (NLP) catchment, farm 2003 – 2010

Caring for our Country 2008 – 2013

National Landcare Program (NLP) 2014 – x

 National Soil Conservation
Program (NSCP)

local participation, priority setting,
landholder co-operation and joint
action

The National Dryland Salinity
Program (NDSP)

research into dryland salinity
origins and impacts - n ational
classification of catchments
and groundwater flow
systems classification

The National Dryland Salinity
Research, Development and
Extension Program (NDSPRDEP)

facilitate cooperative research
across disciplines, organisational
and state/ territory boundaries

The National Action Plan for
Salinity and Water Quality
(NAPSWQ)

farmer to community capacity
building; rolled out through
regional Natural Resource
Management Organizations

region, catchment,
farm

biodiversity conservation,
sustainable use of natural
resources, capacity building and
institu tional change
+ greater emphasis on partial
subsidies for on-ground works

National Action Plan for Salinity
and Water Quality (NAP)

motivate and build capacities of
the regional communities to
prevent, stabilise and reverse
trends in dryland salinity and
improve water quality

The Natural Resources
Management Ministerial Council

set resource conditions indicators
– The National Framework for
Natural Resource Management
Standards and Targets

educate farmers, catalyse private
and community landcare
investment
+ better targeted funds

replaced the NAPSWQ & Natural
Heritage Trust; its goal is healthy,
protected, well-managed and
resilient environment that provides
essential ecosystem services in a
changing climate

national, regional,
catchment

replaces the Caring for our
Country

national, regional,
catchment

Source: Australian Bureau of Statistics, 2003; NRM online – catalog, n.d.; Pannell, & Ewing, 2004; Spies, & Woodgate, 2005



4.2.3.1 Western Australian State Salinity Strategy

The role of the State Salinity Strategy is to “provide a blueprint for applying government resources in an integrated and 
effective way for salinity management... [which aims to]... protect water resources, biodiversity, regional towns and 
maintain agricultural productivity” (State Salinity Council, 2000, p. iii).  The latest revision was released in 2000 and 
newly stresses the role of community-based programs and community capacity building (ibid.). This shift in decision-
making from the top-down (policy-community) to the bottom-up (community-policy) originates in the recognition of 
the pivotal role of the private sector (ibid.). The Salinity Council recognises that while both the Commonwealth the 
Western Australian Governments do provide funding for a proportion of the salinity actions, the majority of the 
resources come, and are likely to continue coming, from the private sector (ibid.). The council states: 

“It is primarily at the regional, catchment and farm scale where the impacts of management practices are felt and the 
responses best directed, [therefore] it is the community’s capacity to manage vegetation, soils and waters that provides 
the potential for sustainable natural resources management” (ibid., p. 26-27). 

For the purpose of the strategy, the council nominates the regional natural resource management groups (NRM) as the 
mediators between the WA Government and the catchment community groups (ibid.). The role of the NRM is then to 
facilitate capacity building, to provide access to biophysical data and other relevant information and to ensure that the 
strategy satisfies both the parties while, it is also objectively relevant and transparent (ibid., p. 26). 

Among other strategic goals, such as protection of valuable public assets and community capacity building, the main 
focus of the salinity strategy is on reduction of natural resources degradation and protection of the resources which are 
yet unharmed (State Salinity Council, 2000). The absolute degree of attention that these goals will get regionally is 
nevertheless determined by the community and its priorities. While the strategy does not define the goals of the regional
strategies, it proposes three fundamental principles of action through which the goals have to be achieved. Firstly, the 
salinity needs to be addressed by treating the causes of the problem. Secondly, the methods need to be environmentally 
sound. And finally, the strategy needs to be implemented “in a partnership approach between all stakeholders at the 
regional and catchment scale” (ibid., p. 11). 

Furthermore, the NRM should aid the consequent planning, implementation and evaluation of the DSMO efficiency 
against the strategic goals (ibid.). The tools used for monitoring of the ‘strategic performance’, to be relevant for all the 
stakeholders, need to be: (i) objective, (ii) widely understood, (iii) consistently applied, (iv) relevant to decision-making,
(v) community inclusive, (vi) transparent and (vii) cost effective (ibid., p. 68).

4.2.3.2  Western Australian Wheatbelt Regional Salinity Strategy

The Wheatbelt NRM Inc. (WNRM), one of 
six NRM organisations in the Western 
Australia, is the administrative region of the 
Avon region. This NRM is responsible for 
about 12 million ha of land and its main 
organisational strategic goals are healthy 
environments, sustainable industry and 
livelihoods, productive relationships and 
organisational excellence (Wheatbelt NRM, 
2013a).

Their latest strategy, developed together with 
the national and catchment stakeholders, was 
published in 2012 and guides the regional 
natural resources investment for the years 
2012-2015 (Wheatbelt NRM, 2013). It 
presents a strategy based on the resilience 
theory. The resilience theory recognises the 
self-regulating nature of biophysical 
components, in that “they continually adjust 
and readjust to account for changes in the 
underlying environment, and in response to 
external pressures and shocks, often in 
unpredictable ways” (Wheatbelt NRM, 
2013b). It also recognises the existence of a 
tipping point at which natural resources 
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Figure 9: WNRM resilience theory-based ecosystem health scheme – feedback
loops between external stressors, processes and natural capital stock



usually undergo dramatic a sudden changes (ibid., Walker, Gordon & Gilfedder, 2006).

In the case of sustainable dryland salinity management, the WNRM strategy is represented by a scheme (refer to figure 
9). The scheme presented in Wheatbelt NRM Ecosystem Services, Goals and Objectives, Strategy 2013, suggests the 
structure of the regional socio-ecologic relationships, where it identifies three major influencers of ecosystem resilience 
(Wheatbelt NRM, 2013b). The three major influencers of the ecosystem resilience, and therefore the influencers of 
ecosystem services quality and quantity, are:  (i) the external stressors, (ii) land- use and (iii) the land-use underlying 
natural resources.

The scheme is however missing a valid method of evaluation of the quality and quantity of the feedback loops, which 
we call ecosystem services (Wheatbelt NRM, 2013b, p.3). The feedback loop from natural resources to community and 
industry-derived ecosystem services represents the provisioning, regulating and cultural services, while the other 
feedback loop represents the supporting service (Cork et al., 2012a; Cork et al., 2012b).

To accommodate the scheme, the WNRM calls for a tool which would (i) be employable alongside the existing DSMO 
efficiency evaluation framework and would (ii) comply with both the State Salinity Strategy and the WNRM strategy 
(Wheatbelt NRM, 2013b).

4.2.3. The Australian Dryland Salinity Management Options Evaluation Framework

This tool for DSMO efficiency evaluation was developed in 2001, in a cooperation between the National Land and 
Water Audit, National Dryland Salinity Program and Bureau of Rural Sciences. Its aim is to assist in dryland salinity 
strategy and management planning on national, state and NRM levels (Coram, Dyson & Evans, 2001). 

As explained in the preceding chapters, to evaluate the efficiency of DSMO, scientists have to evaluate their impact on 
the underlying causes of dryland salinity. Therefore, they should evaluate the scale of DSMO effect on the rising saline 
ground water and soil erosion. In the case of groundwater level assessment, scientists apply a general rule of 3m on the 
distance between the soil surface and the groundwater table. Once the saline groundwater table is closer than that, the 
salinity can reach the surface and negatively impact crops and soil biota. We already know that the groundwater levels 
movement depends on the groundwater recharge and discharge, which in turn depends on the character of the 
groundwater flow system. Therefore, to provide valid data, this framework considers the DSMO, hydrological cycles 
and the type of the underlying groundwater flow system. While it does consider the groundwater levels, it does not 
consider soil erosion. This is because it has been added as the second cause of dryland salinity only recently (Australian 
Government, 2001; Short & McConnell, 2001; NSW Government, Environment & Heritage, 2013a).

While the information obtained through this framework is not relevant for the purpose of this thesis, the data on which it
builds and its logical 
decision-making procedure is
useful as the frameworks are 
to be used alongside each 
other.

The mapping and monitoring 
of different attributes of 
landscape to accommodate 
this framework data input is 
the responsibility of the WA 
State Salinity Council which 
then compares the primary 
data with the NRM goals and 
the State Salinity Strategy 
(State Salinity Council, 
2000). The attributes are 
measured by trained 
technicians in one to six 
month intervals, depending 
on the DSMO used and the 
likely speed of their impact 
(ibid.). The mapping in the 
Avon region specifically is 
accommodated by multiple 
governmental and corporate 
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Figure 10: A systematic approach to dryland salinity management evaluation – the data 
collection steps and the management phases



organisations. The table showing all the organisations and various data collections can be found in the appendix (refer 
to appendix – table 8).

The structure of the framework is divided into three general steps with five management phases (refer to figure 10) 
(Coram, Dyson & Evans, 2001). The three steps are: (i) mapping conditions, (ii) modelling system behaviour and (ii) 
monitoring implementation and efficiency (ibid.).  The five phases are: (i) problem definition, (ii) knowledge 
generation, (iii) policy formulation, (iv) implementation and (v) evaluation (ibid.). The structure of this framework is 
universal and logical.

The first two phases of this framework  (problem definition and knowledge generation) are interdependent as one 
defines the others' aim and both have to react and be augmented on the basis of evaluation and implementation phases' 
feedback (Coram, Dyson, & Evans, 2001).

The problem definition phase itself aims to (a) define the baseline conditions (the extend; the mechanism of the 
problem; both market and non-market costs it imposes; a benchmark), and to (b) assess the future risks (spatial extend; 
assets at risk; response timeframes) (a.a., pp. 5-7). The outcome of this step is a series of data sets, digital models and 
maps. 

The knowledge generation phase aims to (a) collect information and to (b) express the dryland salinity management 
options' impacts in economic cost/benefits format (a.a., p.7). The outcome of this step is a set of applicable dryland 
salinity management options with their most possible outcomes. 

The policy formulation phase then (a) facilitates the process of choosing the most appropriate dryland salinity 
management option to be used, based on the information provided in the first two phases and (b) designs management 
and evaluation systems to measure the management options' performance towards achieving the plan's objectives (a.a., 
p.8). Overall, the framework decision-making is based on economic feasibility/ economic cost-benefit analysis. Coram, 
Dyson & Evans (2001, p. 8) state that making a decision on how to manage dryland salinity does inevitably involve 
trade-offs between biophysical, social, and economic values; however, “where there is not enough information on which
to make these [economic cost] assessments, 'best-bet' options will need to be identified”.

The implementation phase is to be executed by the regional NRM. The regions are chosen as the broad planning unit as 
the land managers here are more likely to have a better local knowledge than scientists (ibid.). Those land managers 
should allocate sites which are well mapped and represent the regional variability of causal processes attributes (ibid.). 
For example, in the case of this framework, it would mean applying different types of DSMO on different groundwater 
flow systems and in areas with different hydrological cycles.

Finally, the evaluation phase aims to periodically (a) review the performance of the management compared to the 
projected goals and objectives, and (b) provide feedback explaining any discrepancies (a.a., pp. 9-10). The outcomes of 
this phase are dryland salinity-behaviour models, management effectiveness evaluation, resources and human capacity 
needs. The feedback from the evaluation phase serves for adjustment of all the preceding phases, starting with the 
knowledge generation, to better fit the needs of land managers and strategy planners.
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5. Summary of the Stimuli of and Constraints to Ecosystem Services 
Based Dryland Salinity Management Options Evaluation Framework

The optimal evaluation framework of dryland salinity land-use options, with regard to their impact on provision of 
ecosystem services, should consider and accommodate the demands described below.

5.1. The Environmental Demands

The main environmental stimuli for the new framework are the degradation of natural soil resources and ecosystem 
services supporting food and water security. The framework should consider the causes of dryland salinity, namely the 
climate, land-use and groundwater flow system, and should be able to evaluate all the DSMO applicable in the Avon 
region.

Therefore, to accommodate the environmental demands, the optimal framework should consider: 

(i) catchment scale ecosystem 
(ii) climate 
(iii) both phytoremediation and engineering options 
(iv) groundwater flow system character

5.2. The Social Demands

The main social stimuli for the new framework is the motivation of stakeholders, where the majority work in 
agricultural industry. The motivations further differ significantly from farm to national scale; while the stakeholders at 
the farm scale are interested in quick results and investment which makes economic sense, the national scale 
stakeholders are interested in long-term results which can include investment in the option value. In the Avon region, 
the tourism industry is also important, and therefore the provision of cultural services. The constrains posted by 
stakeholders are especially their short experience with the land in Australia, as 81% of the regional farmers are first 
generation Australian. Also, the capacity of the regional stakeholders is limited, as a majority of them has only primary 
or secondary education. Finally, the traditional land-use for most of the farmers is annual cropping and grazing.

Therefore, to accommodate the social demands, the optimal framework should also consider: 

(i) all the relevant stakeholders and their motivation and values (farm scale, local community, catchment management 
group, national/state/regional stakeholders) 
(ii) all four ecosystem services (to support the agriculture and tourism industry) 
(iii) the farmers’ capacities

5.3. The Economic Demands

The major economic stimuli is to make the ecosystem resilience visible in the cost/ benefit analysis and to allow for 
more sustainably targeted governmental funding. The major constraints are that the economic system lacks tools to 
valuate ecosystem services financially. This is mostly because there is no consensus as to their definition and because 
they do not provide a benefit which is traded on the market or has a substitute which is traded on the market. Another 
constrain is double-counting of ecosystem services, as some services (supporting services) support the provision of 
other services (provisioning, regulating, cultural) and hence when accounted for separately, the benefit of the supporting
services is accounted for more than once.

Therefore, to accommodate the economic demands, the optimal framework should also consider: 

(i) long-term and short-term land-use impacts on the ecosystem services provisioning (to accommodate farm-national 
decision-making) 
(ii) avoid double counting

5.4. The Political Demands

The major political stimuli for the new framework is to allocate funding in accordance to state and regional strategy. 
The state salinity strategy main focus is to reduce natural resource degradation through funding and private sector 
involvement and capacity building in dryland salinity management. It poses two sets of constraints to the new 
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framework. Firstly, the framework needs to function alongside the existing Australian DSMO efficiency evaluation 
framework. Secondly, the framework needs to be: (i) objective, (ii) widely understood, (iii) consistently applied, (iv) 
relevant to all levels of decision-making, (v) community inclusive, (vi) transparent and (vii) cost effective.

The regional salinity strategy main focus is ecosystem resilience, which is to be evaluated through the level of 
ecosystem services provisioning. This strategy poses another two major constrains. The framework needs to consider all
four ecosystem services, as defined by Millennium Ecosystem Assessment in 2005 and it needs to include consideration
for external stressors, both natural and anthropogenic.

Therefore, to accommodate the political demands, the optimal framework should also consider:

(i) the existing DSMO evaluation framework and its data source and structure
(ii) the need to be: (i) objective, (ii) widely understood, (iii) consistently applied, (iv) relevant to all levels of decision-
making, (v) community inclusive, (vi) transparent and (vii) cost effective
(iii) both the natural and anthropogenic stressors

5.5. The Australian Dryland Salinity Management Options Evaluation 
Framework’s Demand

The Australian DSMO evaluation framework (Australian Government, 2001) is widely used to evaluate the efficiency 
of DSMO. While the goal of the framework is not relevant for the ecosystem services DSMO evaluation framework, its 
data input, output and structure is. The data input should be the same, if possible, to provide relevant data. The data 
output would be in a form of a dollar value as is the result of the Australian DSMO evaluation framework, so the sum 
would be representative of both efficiency and environmental performance. The structure should be the same to allow 
for joint evaluation.

Therefore, to accommodate the Australian DSMO evaluation framework's demands, the optimal framework should also 
consider:

(i) should be able to map the conditions, monitor them and model future conditions
(ii) the environmental impact translation into monetary value, where possible 
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6. Land-Use Ecosystem Services Evaluation Frameworks

This section aims to review the existent ecosystem services land-use management evaluation frameworks applicable to 
the case of dryland salinity in the Avon region.

6.1. Holistic Ecosystem Health Indicator (HEHI) Framework

The Holistic Ecosystem Health Indicator, developed at the Centre for Sustainable Development Studies in Costa Rica in
1999, was first used for management of tropical ecosystems in Costa Rica (Aguilar, 1999). The framework aims to map 
and evaluate the interrelations between the local stakeholders and ecosystem health (ibid.) (refer to figure 11). It 
combines measurements of productivity, organisation, and resilience of the ecosystems with social indicators and 
resource patterns of the local communities (ibid.). The HEHI framework is based on an integral, collaborative approach 
to conservation and land use management. It incorporates ecological, social and interactive (socio-ecological) 
indicators; each of the indicators is further divided into sub-indicators based on the local characteristics of the 
ecological and social character of the area and the related management objectives and goals of the local stakeholders 
(ibid.). Rafaelli & Frid (2010) describe the use of the components and indicators as such: 

“The ecological component focuses on biophysical aspects of the ecosystem, particularly organisation, vigour and 
resilience, the social component covers a range of socio-economic factors that are fundamental to the exploitation of 
ecosystem resources and the indicators chosen within this category reflect the social and economic priorities of the 
communities which live in, or depend on, the ecosystem”.

The phases of the framework (refer to figure 11) start with three main components which are allocated per-cent 
importance (out of the total of 100 points). Then, the indicators are chosen based on (i) the organisation, described as a 
biophysical aspect of the ecosystem that mirrors the local system structure and diversity; (ii) the vigour which mirrors 
the services provided by ecosystem; and (iii) the resilience which mirrors the “system's capacity to maintain structure 
and function in the presence of stress” (Aguilar, 1999; Muñoz-Erickson, Aguilar-González, & Sisk, 2007). 

For each of the indicators, there is a benchmark set based on either scientific literature or management decision 
(Aguilar, 1999) (refer to figure 12). When indicators and benchmarks are established, the relative weights are allocated 
to each of the indicators, based on its importance for the ecosystem health and the stakeholder vision (ibid.; Raffaelli & 
Frid, 2010). High weight represents a key resource/ interaction; middle represents critical factors and functions; and low
represents interactions which are unclear or for which there are no existing assessment methods (Muñoz-Erickson, 
Aguilar-González, & Sisk, 2007). The indicators are finally evaluated, based on their performance, using a standardised
scoring system. The greater number, a sum of all the indicators’ evaluations, the healthier ecosystem (ibid.; ibid.). 

Ecosystem services, in this framework 
are evaluated as being a part of a larger
system, where social and economic 
stakes are taken into consideration as 
well and are weighted against each 
other. Raffaelli & Frid (2010) argue 
that while this framework has a great 
potential in incorporating all the three 
components of sustainability, and so 
uncovers the internal ties between 
ecosystem services and the rest of the 
system, it lacks the capacity to 
incorporate temporal trends as there are
too many variables in the indicators' 
evaluation.
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Holistic Ecosystem Health Indicator

Ecological component Social component Interactive component

relative weight/ 100% * relative weight/ 100% * relative weight/ 100% *

 = 1000 points  = 1000 points  = 1000 points

Categories/ weighted points Categories/ weighted points

* 100% = ecological + social + interactive components

Source: Muñoz-Erickson, Aguilar-González, & Sisk, 2007

Categories/ weighted points

Indicators/ Benchmarks/ 
weighted points

Indicators/ Benchmarks/ 
weighted points

Indicators/ Benchmarks/ 
weighted points

 
Figure 12: Holistic ecosystem health indicator – phases and weight allocation 
scheme

Processes/ Stressors Structure/ Composition Indicators Land management/ Conservation goals

ecosystem services/ land use ecological/ social/ interactive science, policy, stakeholders

Source: Muñoz-Erickson, Aguilar-González, & Sisk, 2007  
Figure 11: Holistic ecosystem health indicator framework



6.2. Landscape Function Analysis

The landscape function analysis (LFA), developed by Tongway and Hinley in 2004 and based on the Ludwig & 
Tongway (1997) conceptual framework, aims to assist farm to regional land managers in mapping and monitoring the 
impacts of conservation and rehabilitation land-use on the landscape function, defined as “the processes involved in the 
transport, utilisation and cycling of scarce and limiting resources in space and time” (Tongway & Hinley, 2005, pp. 10; 
14). The landscape functions are, for the purpose of this thesis, treated as landscape supporting services (Boyd & 
Banzhaf, 2007).

Therefore, when the landscape function is not balanced, resources leak beyond the landscape boundaries and the 
landscape loses its ability to effectively replace those (Tongway & Hinley, 2005). The LFA conceptual framework 
called 'Trigger-Transfer-Reserve-Pulse (TTRP) represents the “sequence of processes operating to maintain the 
biochemical 'engine room' of a landscape” and depicts the resource losses, inputs and the feedback mechanisms (the 
green boxes are storages the arrows represent processes) (refer to figure 13) (ibid., p. 10). While some processes only 
transfer resources within the system, other either bring new ones or leak 'old' ones out (ibid.). The benchmark of the 
ideal state of the ecosystem is when the functional quality and quantity of inputs is equal to the functional quality and 
quantity of outputs (ibid.). 

As the targeted users of this method are the operational decision-makers (farmers and natural resources (NR) 
managers), the authors developed simple field indicators that reflect stability, water infiltration & nutrient cycling 
(ibid.). This way, the decision-makers do not only receive the study results, but also participate on data collection and 
evaluation. Nevertheless, for the input data to be objective, Tongway & Hinley (2005) recommend capacity building 
training (ibid.) which should not only teach the potential evaluators how to work with the analysis, but mainly give 
them a good insight into the origins and limitations of landscape function (ibid.).

The data field acquisition, to allow for truthful evaluation of the biochemical processes and their feedback loops, is done
within a run-off area/ catchment (ibid.). The authors reason that the catchment is the ideal boundary of ecosystem, as 
water is the main natural driver of resource movement and generally moves only within a certain area (ibid.).

Multiple experimental sites, representing various land-uses and landscapes, need to be set and monitored to obtain the 
relevant and also comparable data (ibid.). The data is collected in three principal steps. In the first step the setting of the 
site is geographically described within the catchment and landscape to gauge the magnitude of water run-off processes 
(ibid.). In the second step the sub-site's surface organisation (patches and inter-patches) is described, to evaluate “the 
spatial pattern of resource loss or accumulation” (a.a., p. 26). The last step is to characterise the surface of each type of 
the patch and inter-patch, identified in step two, using simple visual indicators (e.g. soil cover, litter cover) (ibid.). The 
data documentation is straight forward as well. The land managers are asked to fill in prepared tables where every 
possible indicator is supported by a description and a visual guide in a form of example images. Finally, the compiled 
data are translated, according to a pre-set framework, into the three landscape functions (stability, infiltration, nutrient 
cycling). The whole LFA methodology from the step one to the result is depicted in the figure 14. The pre-set 
framework is a mathematical black-box, therefore while this tool can be used for mapping and monitoring, however 
cannot be used for modelling. 
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Figure 13: Landscape function analysis – overview of the soil supporting processes/ functions included in the 
framework



6.3. Inherent & Manageable Soil Properties-Based Framework

This framework was developed by Dominati, Patterson & Mackay in 2010. It aims to map, model and monitor the 
behaviour of ecosystem services in connection to changes in soil natural capital; where the natural capital “refers to the 
extension of the economic idea of manufactured capital to include environmental goods and services” (Dominati et al. 
2010, p. 1858). They chose to focus on the soil capital, as they state that they are “the basic substrate for many 
ecosystems and human activities” (ibid.). The soil natural capital can be then defined as a “stock of natural assets that 
yield flow of ecosystem goods and services” (Costanza & Daly, 1992, p. 38).

The authors identify the structural and biodiversity composition of the soils describing them through soil properties, 
“any component of soil which can be measured”, which systemic behaviour, behaviour within the soil ecosystem, 
determines the intensity of the ecosystem services provisioning. The framework overall maps, monitors and models the 
catchment ecosystem services provisioning through five steps: (i) the soil properties are described and divided into two 
groups, the inherent (something permanent, essential, or characteristic (Oxford dictionaries, 2014)) properties and the 
manageable properties; (ii) the processes behind soil formation, maintenance and degradation are allocated; (iii) the 
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Figure 15: Inherent & manageable soil properties-based framework

 
Figure 14: Phases of the landscape function analysis



drivers (anthropogenic and natural) of soil processes are identified; (iv) the provisioning, regulating and cultural 
ecosystem services are allotted according to the soil properties changed by soil processes and drivers; and finally (v) the
ecosystem services are linked to Maslow’s hierarchy of human needs (Maslow, 1943) ( refer to figure 15) (ibid.). This 
pyramidal model is a visual representation of Maslow's theory of the sequence with which people are likely to satisfy 
their needs, ranging from the fundamental bottom level of physiological needs to the self-actualisation on the top 
(Maslow, 1953). The authors argue that they resorted to use this hierarchy to show that ecosystem services relate to both
physical and psychological human needs (Dominati et al., 2010). 

The initial division of the soil properties into the inherent and the manageable is guided by the ease of their 
modification. While the inherent properties, such as slope and depth, are modifiable only over long periods of time, the 
manageable are modifiable, such as the content of P, N, C, already within a short period of time. This division helps 
policy-makers and managers in planning and allows for easier monitoring. In this framework, Dominati et al. (2010, p. 
5) focus on the manageable properties which “[allow] the agronomists, farmers and other land managers to optimise the 
provision of ecosystem services from soils”; they state: 

“Knowing what type of properties is involved in the processes and the services they support is essential. For this 
reason, in putting forward the conceptual framework of soil natural capital and ecosystem services, we put major 
emphasis on recognising and distinguishing the differences between inherent and manageable soil properties within 
soil natural capital stocks” (a.a., p. 5).

The processes defined as transformations of inputs into outputs, which give rise to ecosystem services, are soil 
formation, maintenance and degradation (ibid.). The soil formation, defined as “the development of soil [physical, 
biological and chemical] properties and soil stocks” (ibid.), as well as the soil maintenance are accommodated by the 
supporting processes. This process is basically the supporting services, however, to avoid double-counting, Dominati et 
al. (2010) have labelled it process as it does not directly affect the human well-being (MEA, 2005). The degrading 
process then balances the supporting process. There are three supporting and three degrading processes included in the 
framework. The supporting processes are the namely nutrient and water cycling, and soil biological activity; and the 
degrading physical, biological and chemical degradation (ibid.).

Both the processes arise from the interaction between the soil properties and the natural and anthropogenic drivers, 
which determine the inputs and outputs (ibid.). Dominati et al. (2010) identified the major natural drivers to be (i) the 
climate, (ii) natural hazards, (iii) geology and geomorphology and (iv) biodiversity; and the anthropogenic to be (i) land 
use, (ii) farming practices and (iii) technologies.

Finally, the authors argue (a.a., p. 9) that soils provide three ecosystem services, defined as “the beneficial flows arising
from natural capital stocks and fulfilling human needs”. Following the Millennium Environmental Assessment (MEA) 
terminology (2005), the three services are provisioning, regulating and cultural (as stated above, the fourth MEA 
services, the supporting services, are in this framework treated as processes) (ibid.). The provisioning services, defined 
as “the products obtained from ecosystems” (MEA, 2005, p. 40) are, for the purpose of this assessment, divided into (i) 
the provision of food, wood and fibre:, (ii) the provision of physical support, and (iii)  the provision of raw materials 
(ibid.). The regulating services are supplied by processes which contribute to establishment of equilibrium among 
natural capital stocks (MEA, 2005); and are divided into (i) flood mitigation, (ii) filtering of nutrients, (iii) biological 
control of pests and diseases, (iv) recycling of wastes and detoxification, and (v) carbon storage and regulation of N2O 
and CH4 emissions (ibid.). Eventually, the cultural services are mentioned; however, they are not paid as much attention
as the previous two. Their role in the framework is rather to acknowledge the existence of the spiritual, aesthetic, and 
recreational values (ibid.), since they cannot be measured.

Dominati et al. (2010) further recognise that both the provisioning and regulating services, unlike the cultural services, 
arise at scales ranging from micro to global impact (ibid.). Therefore, to allow for a valid evaluation of catchment scale 
change in soil natural capital, it would be useful to map and monitor the relationships among the neighbouring 
catchments as well (ibid.).

6.4. Soil Condition-Based Framework

This framework was developed by Cork, Eadie, Mele, Price & Yule in 2012 for the Australian Government and aims to 
map, monitor and model how agricultural land management can improve the issue of soil loss and declined soil 
condition and to investigate how the overall change in the soil condition impacts the quality and quantity of ecosystem 
services and human benefits derived from agricultural land (the difference between the two is discussed below) (Cork et
al., 2012a, p. vii). Cork et al. (2012a, p. 7) state: “Soils are at heart of virtually all processes leading to ecosystem 
services and subsequent benefits; hence any change is soil condition potentially affects a range of processes, services 
and benefits to humans”.
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The paper by Cork et al. (2012a) focuses 'only' on four specific problems, which were identified as the most burning for
sustainable agriculture in the whole of Australia, namely the soil carbon, soil acidification, and water and wind erosion. 
While the problem definition is this narrow, the second part of the paper offers much more universal assessment 
framework for evaluation of soil natural resource condition and its capacity to provide the stakeholder valued 
ecosystem services (ibid.). Cork et al. (2012a) propose, that “the extent of the benefits and beneficiaries from 
maintaining the ecosystem services depends on the temporal and spatial ecosystem services’ demand and supply” (a.a., 
p. 49). Overall, the framework relates soil properties to soil processes to ecosystem services to benefits and finally to 
beneficiaries (refer to figure 16).

The framework operates with three main concepts: (i) the ecosystem processes, (ii) ecosystem services and (iii) 
ecosystem benefits. The ecosystem processes are defined as “transformations of inputs into outputs from which 
ecosystem services arise” (ibid.). The authors further distinguish the ecosystem services from benefits defining that 
while ecosystem services are “made available to humans without the need for human intervention” (a.a., p. 46), the 
benefits “require action or articulation of needs by humans” (ibid.), in other words, some sort of investment to make 
use of ecosystem services. This division is useful for the economic valuation of ecosystem services; as both the benefits
they provide and  the initial investment attract market value. 

The ecosystem processes defined in this framework are once again treated as the supporting services, therefore the 
framework deals only with the provisional, regulating and cultural services (ibid.).

The framework has five main phases: (i) soil physical, chemical and biological components description, (ii) soil 
components based ecosystem processes allocation, (iii) ecosystem services allotment to the ecosystem processes, (iv) 
beneficiaries location and finally (v) benefits description and valuation (refer to figure 16 & 17). 

Cork et al. (2012a) use four soil components’ groups to describe the condition of the soil: (i) texture, (ii) mineralogy, 
(iii) organic matter and (iv) soil biota key functional groups. The soil biota key functional group represent: (i) 
decomposers, (ii) nutrient transformers, (iii) ecosystem engineers, and (iv) bio-controllers (a.a., p. 49) 

The soil components are then linked to soil processes, which are split into seven groups: (i) soil structure maintenance, 
(ii) organic matter cycling, (iii) nutrient cycling, (iv) ion retention and exchange, (v) water cycling, (vi) gas cycling and 
(vii) soil biological life cycles (Cork et al., 2012a, p. 48). 

The soil processes provision is further linked to 14 ecosystem services representing the provisioning, regulating and 
cultural ecosystem services’ group. The provisioning is divided into: (i) provision of fertile soil, (ii) provision of natural
products, (iii) provision of clean water, (iv) support for native vegetation, (v) maintenance of genetic diversity, and (vi) 
support for structures. The regulating are divided into: (i) water flow regulation, (ii) maintenance of landscape (soil) 
stability, (iii) regulation of atmospheric gases, (iv) regulation of weather and climate, (v) remediation of wastes, (vi) 
regulation of species and populations, and (vii) pollination. And the cultural services are represented by contributions to
species, ecosystem, and landscape diversity (a.a., pp. 49 - 50).

The valuation of ecosystem services has been addressed through the end benefits and beneficiaries. The authors 
identified 13 core benefits of ecosystem services: (i) crops, meat and other food, (ii) natural products to support 
industries and lifestyles, (iii) clean water, (iv) physical support for structures, (v) protection from wind and water 
erosion, (vi) protection from floods, (vii) liveable climate, (viii) liveable atmosphere, (ix) disposal of wastes, (x) 
physical and mental health and wellbeing, (xi) reduced risk from pests and diseases, (xii) intellectual stimulation and 
knowledge, and (xiii) cultural and spiritual values (a.a., p. 48). 

All the benefits are then related to the four groups of beneficiaries: (i) farmers/ agricultural industries, (ii) other 
industries, (iii) individuals, households and communities in rural areas, (iv) individuals, households and communities in
towns and cities (ibid.). Eventually, these beneficiaries are asked to assess the expected benefits and costs of the land 
management option in question, to evaluate the relative ecosystem services value (ibid.).
The illustration of all the linkages between soil components, soil processes, ecosystem services, benefits and 
beneficiaries identified by Cork et al. (2012a) is shown in the figure 17.
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ES, Benefits and Beneficiaries assessment

Soil processes Ecosystem services Benefits Beneficiaries

                                                                                                                     ES/ Benefits economic  valuation

Source: Cork et al., 2012

Soil components
and properties

 
Figure 16: Soil condition-based framework



6.5. Soil Biota-Quantity-Based Framework

This framework was developed in 2013 by Ferreira et al. for the Food and Agriculture Organisation of the United 
Nations. It aims to map and monitor the influence of agricultural land management on the soil biota, which, according 
to this framework, influence the soil properties and secondary also the ecosystem services provisioning. Ferreira et al. 
(2013) build on the research lead by Brussaard et al. (1997) and on multiple other case studies discussed at the 
International Technical Workshop on Biological Management of Soil Ecosystems for Sustainable Agriculture. 

The authors of the framework do not define the concept of soil biodiversity themselves, therefore I will use the soil 
scientists' definition by Blodel (1997), who defines it as “the quantity and structure of the biological information 
contained in hierarchical living ecosystems”. The importance of recognising the role of soil biota is stressed by Brussard
et al. (1997), who argue: 

“Soil provides physical substratum for virtually all human activities... Soil organisms are not just inhabitants of the 
soil; they are part of the soil, heavily influencing soil properties such as hydrology, aeration and gaseous composition...
[and as such] provide number of ecosystem services that are used by society for its own purposes”.

The framework not only evaluates which ecosystem services are provisioned, but also how much of them is 
provisioned. It has four phases: (i) assessment of the quantity and composition of soil biota functional groups, (ii) 
quantified allocation of the soil biota to soil processes; here the authors use the notion 'soil function' which is equal to 
the notion of 'processes' used in the other reviewed frameworks; however, unlike the other frameworks, it does not 
consider the soil processes to be separately from the supporting ecosystem services, (iii) quantified allotment of 
ecosystem services to the quantified soil processes and finally (iv) ecosystem services quantitative threshold and ideal 
state definition. To assess the relative efficiency of land-use options, the quantity of the services provisioned by the 
ecosystem is compared to the ideal state and threshold to provide feedback for land managers as well as policy-makers 
(refer to figure 18) (ibid.). 
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Figure 18: Soil biota-quantity-based framework

 
Figure 17: Soil condition-based framework – from soil characteristics to soil processes, ecosystem services and their valuation



According to Ferreira et al. (2013), a soil ecosystem is defined by the relative quantitative composition of the following 
five elements: (i) weathered rock, (ii) dead organic matter, (iii) living animals, (iv) microorganisms and (v) water. 
While all these components play an important role in defining the ecosystem, it is arguably the microorganisms who 
secure its role in ecosystem services provisioning (ibid.; Bunning & Jimenez, 2003; Swift, n.d.). For the purpose of the 
framework and its applicability, the authors divide the soil microorganisms into groups by soil function/ soil processes 
into: (i) ecosystem engineers, (ii) primary producers, (iii) shredders, (iv) decomposers, (v) nitrogen fixers, (vi) trace-gas 
producers and (vii) CO2 producers (refer to table 4) (2013). The framework finally considers four ecosystem services: 
(i) supporting, (ii) provisioning, (iii) regulating and (iv) cultural (ibid.; MEA, 2005).

Table 4: Soil biota-quantity-based framework, the division of organisms to functional groups and ecosystem processes

While the framework does provide a clear link between the quantities of soil biota, the quantity of initiated soil 
processes and the quantity of ecosystem services (ibid.), Ferreira et al. (2013) argue that the result is only tentative. 
Nevertheless, once scientists gain a better understanding and evaluation of the soil biodiversity dynamics, the 
framework will produce more precise data. The relationships suggested in the framework are summarised in table 4. 
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Organisms Functional groups Ecosystem process Ecosystem Services

Ecosystem engeneers

Primary producers

Shredders

Decomposers nutrient recyclation

Nitrogen Fixers

Trace-gas producers

Source: Ferreira et al., 2013

Vertebrates &
invertebrates

soil, sediment and
structure alternation,
organic matter and
microbes redistribution

Supporting
- soil formation
Provisioning
- fresh water
…

Plant roots,
algae,
diatoms

biomass creation, soil
and sediment
stabilisation

Supporting
- nutrient cycling
Regulating
- climate regulation
- disease and pest
regulation
- water regualtion
- detoxification
Provisioning
- food
- fuel
- fibre
- genetic resources
Cultural
- spiritual & recreational
…

Decapods,
millipedes

organic matter
fragmentation

Regulating
- detoxification
…

Bacteria and
fungi

Supporting
- nutrient cycling
Regulating
- detoxification
…

Symbiotic &
asymbiotic
bacteria

atmospheric N
2
 fixing Supporting

- nutrient cycling
…

Methanogenic
bacteria,
denitrifying
bacteria

C, N
2
, N

2
O, CH

4
 

transfer, denitrification

Supporting
- nutrient cycling
Regulating
- climate regulation
Provisioning
- fresh water
…

Roots, soil
organisms

CO
2
 producers CO

2
 respiration Regulating

- climate regulation
…



7. Review of the Land-Use Ecosystem Services Evaluation Frameworks

In this chapter I review all the land-use ecosystem services based evaluation frameworks listed in chapter 5. I will 
compare them on the basis of their principles and objectives. The frameworks are referred in the text below by the 
following shortcuts: HEHI - Health Ecosystem Holistic Indicator (Aguilar, 1999); LFA - Landscape Function Analysis 
(Tongway & Hinely, 2004); INH/MAN - Inherent & Manageable Soil Properties-Based Framework (Dominati et al., 
2010); SC - Soil Condition-Based Framework (Cork et al., 2012a) and SBQ - Soil Biota Quantity-Based Framework 
(Ferreira et al., 2013).

While all the frameworks listed above aim to evaluate (LFA, INH/MAN, SC) or can be used to evaluate (HEHI, SBQ) 
the impacts of land-use change on the provision of the catchment ecosystem services, they do not use the same 
terminology and method. Furthermore, while some of the frameworks finish with evaluating the provisioning of 
ecosystem services, others go further and propose a method for their valuation (HEHI, SC).

7.1. Comparison of the Frameworks Terminology

The frameworks’ terminology varies from framework to framework. In the case of HEHI, the terminology depends on 
the stakeholders who design the framework; therefore I will not further examine it. In the case of the rest of the 
frameworks the major difference was in the way they accounted for the supporting services. With the exception in SC, 
all the frameworks recognise the pivotal role of supporting services in creation of the conditions for the rest of the 
services to be provisioned. To avoid double-counting, as discussed in the preceding chapters, the frameworks do not 
label the supporting services, as services, but rather as landscape functions (LFA), soil supporting processes 
(INH/MAN) and soil processes (SC), and consider them within the data-transfer phase rather than as an output. It is 
only in the case of SBQ, where the supporting services are treated as the output of the system, together with the rest of 
the MEA (2005) services.

The composition of the services groups varies as well. In the case of the above discussed supporting services, the LFA 
and INH/MAN consider the services dividable into three sub groups; while SC divides them in seven, (the SBQ does 
not discuss the services division). The same applies to the rest of the ecosystem services.
The INH/MEA further considers degrading soil processes, as the anti-service of the supporting soil services, which 
allows it to account for external drivers causing systemic imbalance (degradation causing natural and anthropogenic 
drivers).

7.2. Comparison of the Frameworks Methods

While all the frameworks, except for HEHI, propose a standardised method of enquiry and terminology which do not 
change with the conditions of use, the HEHI’s methodology is quite fluid. This is because HEHI is based on a 
stakeholder-designed framework, where the stakeholders not only decide which indicators to evaluate, but they also 
assign them their relative importance of consideration. Consequently, the method and terminology differs with the 
group of stakeholders, therefore it is unnecessary to discuss this method further. The rest of the frameworks are, 
however, based on a given set of landscape, or soil condition and properties and ecosystem science terminology which 
differs.

The LFA determines the output, in a form of ecosystem services, on the basis of the catchment landscape capacity to 
retain a balance of resource input and output, while the rest of the frameworks determine the output through soil 
properties which in case of SC and SBQ include also the soil biota.

While the LFA collects only the data which describe the above-the-ground landscape characteristics, the SC and SBQ 
build solely upon the below-the-ground soil characteristics. Only the INH/MAN accounts for both the above and below 
the ground characteristics of landscape and soils, while also collects the information about both the natural and 
anthropogenic drivers of their changes.

For the purpose of the evaluation, the LFA and SC quantify all the collected data, while the IHN/MAN and SBQ work 
with both quantitative and qualitative data as collected. Since the LFA and SC methods use a mathematical model to 
transfer the input data into the output data, we can call them a ‘black-box system’. Black-box system is such which does
not allow the user to view the transfer characteristics. On the other hand, both the INH/MAN and SBQ are transparent 
in their methods and therefore allow for modifications and alternative use. We can call them an ‘open-system’/ ‘white-
box’’.

The outcomes of the frameworks vary as well. While the LFA evaluates only the provision of the supporting services of
the catchment ecosystem, the INH/MAN and CS evaluate the provisioning, regulating and cultural services and the 
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SBQ evaluates all four of them at the same time. Furthermore, the HEHI and SC allow for valuation of these services. 
While in HEHI, the value of services is assigned by stakeholders, the SC attempts to valuate them through the market 
traded benefits they provide.

7.3. Comparison of Frameworks’ Method Complexity and Their Use for 
Mapping, Monitoring and Modelling of Ecosystem Services 

In this section, I compare the complexity of the frameworks’ method of enquiry which determines the capacities the 
evaluator needs to have to use them, and also their input-output system (black or white box), which determines the 
frameworks’ capacity to accommodate mapping, monitoring and modelling.

The HEHI method needs a trained evaluator to put the framework and the feedback together to be able to derive the 
desired information. Not only is this method relatively complicated, it is also relevant only for a limited time, as the 
stakeholder preferences change; therefore it can be only used to map the ecosystem services’ provisioning however 
cannot be used for a continuous monitoring or future state modelling.

The LFA method, on the other hand, offers a pre-set framework where the evaluator’s input is strictly guided, therefore,
to obtain valid results, the capacity of the evaluator to understand the system can be minimal. While this method is easy 
to use, it can only deliver results on mapping and monitoring; as the evaluation of the primary data is based on 
mathematical black-box, it does not allow for modelling. 

The SBQ has a similar problem as the LFA in that it is based on a mathematical black-box. Not only can this method be
for just mapping and modelling, it is also complicate to collect the primary data in a form of quantities of 
microorganisms.

The SC differs from the SBQ as its framework is not mathematical and considers less soil biota functional groups, 
therefore the information is not only relatively easier to obtain, but also the framework is built on logical ties between 
components, rather than an equation. Thanks to its logical structure it is consequently possible to use this framework for
mapping, monitoring but also modelling of the ecosystem services.

The INH/MAN, as well as the SBQ and SC, calls for a technician to collect the primary data, which are; however, in the
case of this framework free of the consideration for soil biodiversity (which is considered as a supporting process not 
one of the soil properties). This makes the framework more objective than the two above. It further builds on an open-
box evaluation system, and therefore is able to accommodate mapping, monitoring as well as modelling.

8. Synthesis - Towards an Optimal Ecosystem Services Based 
Evaluation Framework of the Land-Use Management Options for 
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Dryland Salinity in the Avon Region, Western Australia

This chapter aims to compare the environmental, social, economic and political demands with the land-use ecosystem 
services frameworks and to choose which framework fulfils the demands the best. If there is no one framework which 
fulfils the demands, I will propose an optimal mix of frameworks, if compatible. The following table shows the 
frameworks’ capacity to fulfil the demanded role in ecosystem resilience evaluation.

Table 5: Demands the optimal-framework should consider vs. reviewed frameworks' characteristics

When I compare the characteristics of the revised frameworks and the demanded framework, neither of the frameworks 
is optimal. The most fitting framework is the INH/MAN, which does not fulfil the community inclusion demand, since 

it does not aim to financially valuate the ecosystem services.  It is also quite technical and would demand capacity 
building and help of a technician to implement and use. While it cannot be augmented to be more widely 
understandable, it can be augmented to include the ecosystem services valuation which would be community inclusive. 
This could be done by adding to it the valuation part of the SC framework, which is compatible. Nevertheless, even 
after this augmentation, the INH/MAN+SC would not financially valuate the supporting services. They are not 
monetary valued to avoid double-counting, as it is presumed that the value of the supporting services is already included
in the value of the provisioning, regulating and cultural services.

The figure 19 below represents the optimal synthesised framework.
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INH/MAN SC SBQ

The Environmental Demands

(i) catchments scale ecosystem * X X X X

(ii) climate * X

(iii) both phytoremediation and engineering options * X X X X

(iv) groundwater-flow system character * X

The Social Demands

(i) relevant stakeholders and their values/ motivation * X

* X X X

* X

The Economic Demands

* X X

(ii) avoid double accounting X X X

The Political Demands

* X X X

(ii) the need to be: (a) objective X X X X

(b) widely understood X

(c) consistently applied X X X X

(d) relevant to all levels of decision-making X X X X

(e) community inclusive * X X

(f) transparent X X

(g) cost effective X X X X

(iii) both the natural & anthropogenic stressors * X

The Australian Dryland Salinity Management Options Evaluation Framework - Demands

(i) map, monitor and model the ecosystem services-provisioning X

X

                                                                                

                                                                   Reviewed frameworks

Demands
 -  the optimal framework for the Avon region should consider

HEHI LFA

(Holistic
Ecosystem
Health Indicator)

(Landscape
Function
Analysis)

(Inherent &
Manageable Soil
Properties-Based
Framework)

(Soil Condition-
Based
Framework)
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Figure 19: Synthesised optimal ecosystem services based evaluation framework of the land-use management options for dryland 
salinity in the Avon region



9. Discussion and Conclusion

Dryland salinity is the major environmental and resource management issue in Western Australia (Pannell, 2001a). It 
was recognised two decades ago (Nulsen & Evans as cited in Short & McConnell 2001) and since then multiple 
national programs were put in place to motivate and help farmers to implement salinity management options to avoid 
spreading of the problem (Australian Government, 2001; Book 4 dryland, 2013). The programs' targets have been 
changing with the strategy makers as well as with the growing geological, hydrological and biological scientific 
knowledge. While scientists agree on what dryland salinity is and what causes it, they do not agree on how urgent it is 
and how to treat it effectively. While the WA government is pessimistic with the approximated 5.7 million ha of 
affected land in 2001, and 17 million ha affected land by 2050 (Australian Government, 2001), the independent 
scientists estimate that the spread of dryland salinity in Western Australia was more likely close to one million ha in 
2001 and that the number will stay the same or will lower by 2050 (Pannell & Ewing, 2004; Podmore, 2009; Slinger & 
Tenison, 2007). These independent scientists argue that the official predictions have not taken account of the dryer 
climate, which brings less precipitation and hence has “positive” impact on the shallow water tables (ibid.). This 
discrepancy creates noise and uncertainty. If this issue is overestimated, the possible impacts of implementing more 
drastic measures can lead to depletion of the underground water. If it is underestimated, implementing less efficient 
measures can lead to the environmental issue approaching its threshold.
Regardless of the direction farmers decide to go, the above proposed framework should indicate whether the chosen 
management option has negative or positive impacts on the catchment ecosystem resilience and hence provide timely 
and valuable feedback for a corrective action. 

The optimal framework should ideally fulfil all the demands of the Avon region's environmental as well as the socio-
economic system which, I argue, is not possible. It cannot fulfil the social and political demand for it to be widely 
understood and the political and Australian DSMO evaluation framework's demand to economically valuate all the four 
MEA (2005) ecosystem services. I claim the first demand cannot be reasonably answered for two reasons: (i) to 
evaluate the ecosystem resilience requires multiple data and deep systemic knowledge; furthermore the framework was 
also demanded (ii) to be used for modelling of future conditions, therefore it cannot be an 'easy to use' black-box system
which would not allow manipulation with the transfer phase of the framework. The second demand, for economic 
valuation of all the four ecosystem services, could not be achieved as some services provide only indirect benefits to 
humans and therefore “lack market prices, or are not part of a composite market good for which hedonic pricing models
might be used” (Kaiser & Roumasset, 2002, p. 1). Accounting for those services would also imply double-counting, as 
they are the basis for the provision of direct services and hence their benefit is already included in the direct benefit 
(Boyd, Banzhaf, 2007; Wallace, 2007).

The proposed framework, which I have synthesised, consists of two independent frameworks: the Inherent & 
Manageable Soil Properties-based framework by Dominati et al. (2010), which evaluates the ecosystem resilience, and 
the Soil Condition-based framework by Cork et al. (2012a), from which was used only the part where it valuates the 
direct ecosystem services. 

I have chosen Dominati et al.' s (2010) framework to evaluate the ecosystem resilience for four main reasons. Firstly, 
compared to the rest of the frameworks, INH/MAN introduces the concept of ecosystem dis-services (the degrading 
processes) which allow the framework to account for the adverse natural and anthropogenic changes. Secondly, the 
framework divides the soil natural resource's properties into two groups, inherent & manageable, which allow the 
evaluator to see which land-use changes translate into quick and which into slow changes in the natural capital. I see 
this especially important for the farmers decision-making, as this function of the framework theoretically allows them to
channel their funds towards the most desired outcome, whether it is the short-term profit or long-term investment in an 
option value.  Finally, some of the soil properties and ecosystem services that only Dominati et al. (2010) examine are 
very relevant for dryland salinity management options evaluation. The properties are: (i) land cover, which helps to 
determine the proximity of saline water tables to the soil surface, and the (ii) catchment ecosystem geology, which helps
to examine the movement of the saline groundwater. The DSMO relevant services are the (i) recycling of wastes and 
detoxification service, and (ii) flood mitigation service.  On the other hand, to properly evaluate the DSMO I would 
suggest augmentation for soil electric conductivity, to evaluate the soil salinity, and the water flow regulation service 
and the regulation of weather and climate service. These services could be useful in providing information about the 
likely changes in the external natural drivers which stimulate dryland salinity.

To meet the goal stated in the thesis, I had to provide a tool to economically valuate the ecosystem services, as well. For
this purpose I have chosen the Cork et al. 's (2012a) framework economic valuation. I chose this framework as it was 
the only one, from the reviewed frameworks, which provided mostly objective valuation, unlike the Holistic Ecosystem 
Health Indicator (Aguilar, 1999) which provides fully subjective valuation. The strength of this framework is also in the
participatory approach to the valuation process, as the benefits are allocated by the beneficiaries. The weakness of this 
framework is that it only accommodates valuation of the natural capital's “use value”. 
Even though this framework does accommodate the ecosystem approach to sustainable dryland salinity management in 

32



the Avon region by providing the desired information about the interaction between the DSMO, ecosystems and the 
socio-economic system; it does not generate data which would be widely comparable. This is because this framework, 
as any other I reviewed, has a unique set of ecosystem services which the authors chose as the most fitting. While 
scientists agree that ecosystem services are the ideal indicators for the interactions between the human and natural 
systems (Carpenter et al., 2009; Pannell et al., 2001b; Pannell et al., 2004), they also state that their quantification and 
valuation is limited by their non-existent unified classification and standardised definitions (Gómez-Baggethun & Ruiz-
Pérez, 2011; Wallace, 2007; Pannell, 2001c). Therefore, until such universal ecosystem services' 'language' is 
developed, similar ecosystem services evaluations are limited only to local decision-making.

This thesis also unexpectedly found that the standing Australian DSMO evaluation framework does not take into 
consideration soil erosion, one of the two primary impacts of dryland salinity (NSW Government, Environment & 
Heritage, 2013a), and assesses the DSMO only on their efficiency in lowering the saline groundwater tables. The 
addition of the soil erosion is likely to have a dramatic impact on the results of this efficiency evaluation framework.

The potential limitations and weaknesses of the conclusions drawn in this thesis arise from the secondary data pool  
which might have been narrowed as my native language is not English.

The principal implications of the thesis are that: (i) it is possible to develop an ecosystem services DSMO evaluation 
framework from already existing similar frameworks; however, (ii) its outcomes are not universally comparable due to 
the  incomplete and restricted ecosystem services’ language; and (iii) the framework has to be used by a skilled 
evaluator, as  it needs to be an open-box system and because there is involved a lot of primary to secondary data from 
various sources ranging from collecting the beneficiaries priorities and values, to soil samples, to changes in climate.

To allow the framework to overcome the two biggest constraints: (i) the economic valuation of cultural services and (ii) 
the un-unified rules for quantification and economic valuation of ecosystem services, I propose further research. Firstly,
it would be interesting to examine whether the HEHI framework could be used as a tool for the cultural services 
valuation. This could be done through weighting the economically valued ecosystem services against the cultural 
services by the regional beneficiaries. Secondly, further research should be done on the ecosystem services qualification
and definitions, as the MEA system is not sufficient (Cork et al., 2012b; Eigenbrod et a., 2009; Eppink, Werntze, Mas, 
Popp & Seppelt, 2012; Gómez-Baggethun & Ruiz-Pérez, 2011; Power, 2010; Splash, 2008). Such information will be 
imperative, if similar frameworks are to be used internationally to include the value of ecosystems in cost/ benefit 
analyses and political decision-making.

In conclusion, this framework should contribute to the enhancement of the Avon region residents’ long-term wellbeing 
by providing information which supports their sustainable interaction with ecosystems.
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12. Appendices

12.1. Avon Region Groundwater Flow Systems Classification

Appendix - Table 6: Definitions of the relative attributes of groundwater flow system rating according to the Australian Government 
(2001)

Appendix – Table 7: The attributes of the Avon region groundwater-flow sub-regions; as summarised from The Australian Dryland 

Salinity Assessment 2000 (2001, pp. 97-123); [for the rating legend please refer to the above table]:

According to The Australian Dryland Salinity Assessment 2000 data (2001), in the South-West, the top layer of rigolith 
consists mostly of palid clay and silt, developed in Tertiary times through deep chemical alternation of the original 
granitic terrain (Australian Government, 2001). This material is very effective in storing aeolian and evapotranspiration-
born salts and allows for vertical rather than lateral water movement (ibid.; Foley et al., 1996). As a result the slopes of 
the catchment remain generally non-saline with low water and wind erosion, while the valley floors and breaks of slope 
are impacted by lateral convergence causing rising saline water tables. Such landscape allows for rapid recharge while 
only limited discharge due to the low lateral permeability (Australian Government, 2001). The South-West to East 
Avon region groundwater morphology consists of extremely saline elongate linear ancient river basins (10 – 20 km) 
filled with coarse and fine-grained alluvium (ibid.). Due to its material composition, the transmission rates are usually 
high; the spatial scale of the recharge as well as the discharge areas are great (ibid.; Foley et al., 1996). The East of the 
Avon region landscape is characterised as predominantly highly permeable sand plains, here the groundwater 
movement follows the seasonal rainfall pulse. On average, the groundwater in the Avon region rises at the rate of 10 to 
30 cm/year (Pannell et al., 2001).

39

The attributes of the Avon region groundwater-flow sub-regions

South West Avon region South – West to East Avon region East Avon region

Scale of the Groundwater-Flow System local intermediate local

Aquifer Transmissivity low low-high moderate-high

Groundwater Salinity moderate-high high low-moderate

Catchment Size small-moderate large small

Annual Rainfall moderate low low

Salinity Rating S2, S3 S3 S2, S3

Predominant Land-Use grazing/ cropping cereal cropping grazing/ cropping

Source: Australian Government, 2001, pp. 97-123

                                                            
location attributes

Source: Australian Government, 2001

Definitions of relative attributes of groundwater flow systems rating

Attributes Rating Meaning/ Value

Scale local

intermediate

regional

Aquifer Transmissivity low less than 2 m2/ day

moderate 2 m2/ day to 100 m2/ day

high greater than 100 m2/ day

Groundwater Salinity low less than 2,000 mg/l

moderate ranging from 2,000 mg/l to 10,000 mg/l

high greater than 10,000 mg/l

Catchment Size small less than 10 km2

moderate ranging from 10 km2 to 500 km2

large greater than 500 km2

Annual Rainfall low less than 400 mm

moderate ranging from 400 mm to 800 mm

high greater than 800 mm

Salinity Rating S1 loss of production

S2 saline land covered with salt-tolerant volunteer species

S3 barren saline soils, typically eroded with exposed sub-soils

groundwater flows over distances less than 5 km within the confines of
a sub-catchment

groundwater flows over distances less than 5 to 30 km and may occur
across sub-catchment boundaries
groundwater flows occurs over distances exceeding 50 km at the scale
of river basin



12.2. Overview of the Past and Present Dryland Salinity Monitoring Activities 
in the Avon Region
Appendix - Table 8: Past and present dryland salinity-attributes monitoring
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Source: Australian Government, 2001; Australian Government, 2004; Australian Government, 2009; Australian 
Government, 2011

organisation attributes measured method project/ database

Federal Government

Agriculture, Fisheries and Forestry – Australia (AFFA) geophysics mapping airborne images

land-use mapping

Australian Bureau of Statistics (ABS) crop production data

livestock numbers data

land-use data

Australian Department of Agriculture (DAFF) salt and salinity mapping

Australia Geological Survey Organisation (AGSO) geology and hydrogeology maps airborne images

Bureau of Meteorology (BOM) evaporation climate stations SILO
climate change data and projections

Bureau of Rural Sciences (BRS)

land-use mapping Landsat, Agricultural Census data

historical land-use change (1990 – 1995) Landsat data

soil attributes mapping

catchment mapping

Environment Australia salinity endangered biodiversity mapping

threatened flora mapping

land clearance mapping

National Land and Water Resources Audit (NLWRA)

surface water quality monitoring

catchment mapping

vegetation cover mapping

soil attributes mapping

land-use change mapping The National Land Use Map

Western Australian Government

Department of Agriculture, WA (Ag WA)

monitoring and research bores

land-use change mapping Land Monitor Project

perennial vegetation cover mapping

perennial vegetation change mapping

digital elevation models

valley hazard mapping

catchment boundaries mapping

drainage patterns mapping

rainfall – runoff mapping

National Land and Water Audit (NLWRA) current extend of shallow groundwater NLWRA – Salinity Theme

Water and Rivers Commission (WRC) groundwater level monitoring bore sampling

groundwater quality monitoring periodic water quality samples

surface water quality monitoring periodic water quality samples

Avon Catchment

Wheatbelt NRM exposed rocks field geology Soil Health Guide

soil types

land- use mapping surveys, interview

Research and Development Corporations

Grains Research and Development Corporation (GRDC)

native vegetation mapping airborne geophysical surveys

climate change mapping

biodiversity mapping

knowledge and adoption

Salinity and Water Quality
Action Plan (SWQAP)

Agricultural Census, Agricultural
Commodity Suvey

financial performance of agricultural 
industries data

airborne electromagnetic mapping
(AEM)

The National Action Plan for 
Salinity and Water Quality
(NAP)

catchment hydrological processes 
mapping

airborne electromagnetic, gamma
radiometric, and high resolution
magnetic surveys and geophysical
data

Australian Land Cover
Change (ALCC) project

Commonwealth Scientific and Industrial Research
Organisation (CSIRO) – Land and Water

 Australian Soil Resources
Information System (ASRIS)

Environment Protection and Biodiversity Conservation
Act,1999 (EPBC Act)

State of the Environment
report

assessment of current extend and future
risk of dryland salinity

The Australian River 
Assessment Scheme
(AUSRIVAS)

catchment classification
framework National Vegetation

Information System (NVIS)

Australian Soil Resources

Information System (ASRIS)

proportion of wet and waterlogged soils
by soil landscape

Ag WA Natural Resources
Assessment Group (NRAG)

groundwater monitoring in agricultural 
areas

Ag WA Catchment Hydology
Group -AgBores database

National Dryland Salinity Program, WA Department of
Agriculture and Food, Land and Water Australia, National
Heritage Trust, CSIRO

satellite images, digital elevation 
models (DEMs)

State Water Resource
Information System (SWRIS)

development and research of new plant

industries capacities mapping

Land and Water Australia - the National Dryland Salinity
Program (NDSP)

The Rural Industries Research and Development 
Corporation (RIRDC)

development and research of new plant
industries capacities mapping



The monitoring of salinity management implementation is the responsibility of the WA State Salinity Council, which 
reviews the catchment - national compliance with the State Salinity Action Plan (State Salinity Council, 2000). The 
State Salinity Council further cooperates with various state departments (Agriculture (Ag WA); Water and Rivers 
Commission (WRC); and Conservation and Land Management (CALM)); and various private contractors (Pannel, & 
Ewing, 2004). The table 8 provides an overview of the past and present dryland salinity attributes monitoring activities 
conducted in the whole Australia and than specifically in the Avon region.
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