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market trade patterns within local areas in the
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The southern Murray-Darling Basin of Australia has the world’s largest and most
sophisticated water markets. However, there has been little study on the drivers of
permanent and temporary water market movements within local areas, or the
substitution effects between groundwater and surface-water extraction over time. This
topic is important as it is often claimed that water market trade patterns (especially
selling large amounts of permanent water) are associated with rural decline. This study
uses random-effects tobit panel models to investigate the association of regional and
spatial socio-economic characteristics with temporary and permanent southern
Murray-Darling Basin water market trade, using a broker panel database at postcode
level from 2010/11 to 2013/14. Overall, results suggest there is no statistical significant
evidence that more disadvantaged communities sold larger amounts of permanent
water. Permanent water selling was statistically more likely to be associated with other
spatial and land productivity characteristics, while temporary water market trade
volumes were more related to water scarcity factors. In addition, there was evidence to
suggest a substitution effect between rural areas selling higher volumes of permanent
water and using higher volumes of groundwater.

Key words: irrigation, rural decline, socio-economic effects, substitution effects, water
trading.

1. Introduction

Water crises have consistently been identified as one of the world’s top five
global risks in terms of impact since 2012 (WEF 2019). A variety of water
demand management strategies and economic instruments are being intro-
duced globally to deal with water scarcity problems, and many countries are
considering adopting water markets (Wheeler et al. 2017).

In Australia’s Murray-Darling Basin (MDB), concern over long-term
low water availability, water over-allocation, environmental problems and
predicted increased rainfall variability prompted a series of water policy
changes from the 1980s onwards, ultimately introducing formal water
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trading' and water markets (Quiggin 2001; Crase er al. 2004; Lee and
Ancev 2009). Major policies and funding schemes (e.g. the Basin Plan)
that primarily affected the irrigation industry were announced during the
Millennium Drought (2001/02-2009/10). At the same time, many rural
MDB communities have faced substantial socio-economic changes -
resulting in a reduction of jobs, services, farm numbers and population
sizes. This is attributed to changes in agricultural production, labour
market restructuring and a withdrawal of public and private sector services
(Alston 2004; Wheeler, Xu and Zuo 2020), although this result is not
homogenous across all areas (Pritchard and McManus 2000; Wheeler et al.
2018).

Today Australia’s water market is mature and ranks high in terms of
institutional foundations, economic efficiency and environmental sustain-
ability (Grafton et al. 2011). Water trading in the MDB has become an
important tool to manage water scarcity and is widely adopted by
irrigators as an adaptation strategy (Wheeler er al. 2014). Water trading
has also become increasingly part of a broader farm business strategy in
the southern MDB, where water entitlement and allocation trading (and
water carry-over decisions between farming seasons) are complementary
activities and, thus, should be considered collectively. Irrigators may decide
to substitute the use of water entitlements and allocations — or surface
water and groundwater (where viable resources are available) — to adapt to
environmental (e.g. decreasing water quantity/quality) or financial (e.g.
increasing water/crop prices) issues (Mukherjee and Schwabe 2015). As a
result, regions may experience major water and land use changes (e.g.
increased groundwater extraction, change in the number of annual/
perennial plantings).

Although water markets have the ability to provide a flexible, voluntary
and efficient allocation of a scarce resource (e.g. Howe et al. 1986), they are
subject to market failures and are heavily dependent upon both strong
governance and institutions (Wheeler er al. 2017). Recent studies have
highlighted numerous issues that remain within both the southern and
northern MDB’s water markets and how market failures need to be addressed
(Seidl et al. 2020; Wheeler and Garrick 2020). An ongoing issue surrounding
water markets in Australia is the association between water trading and
socio-economic developments in rural communities. Outward permanent

" Two major types of water rights are traded in Australia, namely water entitlements
(permanent rights to a share of water and referred to as permanent trading) and water
allocations (seasonal and proportional access to a share of water and referred to as temporary
trading) (COAG 2004). The majority of water entitlements are owned by irrigators; however,
following the unbundling of water from land, there has been increased non-landholder and
foreign ownership (Seidl et al. 2020). The security type of water entitlements describes the
probability of the water being fully available from year to year. High security water
entitlements provide a highly reliable water supply (usually full allocation 90-95 years out of
100) with little variation between years. Low/general security water entitlements provide a
variable or uncertain water supply.
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water trading has been often blamed for reduced agricultural production,
economic activity and employment in some regions (e.g. Kiem 2013), causing
pressure and stress for some farmers. However, as severe drought conditions
had often led to this scenario, it is difficult to discern the real drivers of
negative change in communities.

Studies suggest that the overall effect of water markets on rural
communities is minimal and current socio-economic trends in those commu-
nities do not vary much under a non-water trading scenario (e.g. NWC 2012).
Wheeler et al. (2020) modelled agricultural and population census data in the
MDB from 1991 to 2011 and found no statistically significant relationship
between declining total farm numbers (including dryland and irrigated farms)
and water trade movements.

Other economic modelling studies show that decreased irrigation water
extraction caused relatively small impacts on agricultural production (e.g.
Connor et al. 2009; Wittwer 2011). For example, Kirby et al. (2014) showed
that a 70 per cent reduction in irrigation water use during the Millennium
Drought led to a 10 per cent decline in irrigation production value.
Furthermore, selling temporary water can be associated with higher farm net
income and rate of return, and while selling permanent water can result in
reduced farm production, it can also reduce debt in farming communities
(Wheeler, Zuo and Hughes 2014).

This study investigates key charateristics associated with four main types of
water trading behaviour, namely purchase and sale decisions across both
temporary and permanent water trades. Water trading data are aggregated at
the community (postcode area) level — this study being the first to employ
such data in the southern MDB. We are specifically interested in the
association of regional socio-economic measures with community-level water
trading transactions and other regional (substitution) effects. Given that
many of the arguments by lobby groups focus on the importance of
‘community water’ — and that communities’ economic fortunes are irrevo-
cably linked with a certain level of irrigation water extraction’ — then
conducting empirical analysis at the community level provides the opportu-
nity to better understand how water trading movements on a smaller scale are
associated with specific regional effects (e.g. potential substitution effects with
groundwater extraction). Results may help to better understand the
interconnectedness of regional demographic, economic and social changes,
along with irrigators’ water trading decision-making — and whether there is a
link between ‘community water extractions’ and regional economies.

2 For example, see submissions to the Independent assessment of social and economic
conditions in the MDB, available at https://www.mdba.gov.au/publications/independent-
reports/independent-assessment-social-economic-conditions-basin.
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2. Conceptual framework and literature review

2.1 Water trading effects and behaviour

Irrigators’ water trading decision-making has been increasingly studied,
especially within Australia’s MDB. Various determinants affect water trading
behaviour for different water rights. In general, temporary water trading has
been found to be associated with irrigators’ personal characteristics and
short-term considerations in response to seasonal fluctuations of prices or
water availability (to manage risk and uncertainty within and between
seasons) (e.g. Bjornlund 2004; Loch et al. 2012; Zuo, Nauges, and Wheeler
2015). This has also been found internationally. For example, in Spain it was
found that water markets decreased risk and vulnerability during water
scarcity conditions (Calatrava and Garrido 2005). Studies suggest that
temporary water traders in Australia have particularly become more
advanced over time in their use of water market information (NWC 2012;
Zuo, Brooks et al. 2014; de Bonviller, Zuo and Wheeler 2019). Permanent
water trading has been found to be influenced by long-term considerations
largely relating to farm and environmental/spatial characteristics (e.g. Isé and
Sunding 1998; Wheeler er al. 2012; Haensch et al. 2016). US studies have
found negative associations between selling water and the value of agricul-
tural land; between leasing out water and the value of agricultural production
(Hansen et al. 2014); and the impact of transfer costs (i.e. transaction and
water conveyance costs) on water markets (Regnacq er al. 2016). There has
also been increasing literature considering the role of environmental water
holders in Australian water markets (e.g. NWC 2012; Ancev 2015).

Most of the water market literature to date has focused either on the micro-
scale (farm-level survey data) (e.g. Isé and Sunding 1998; Wheeler et al. 2012;
Giannoccaro et al. 2015) or macro-scale (e.g. time-series data at the water
district or county/state level) (e.g. Brown 2006; Haensch ez al. 2016; Regnacq
et al. 2016; Zuo et al. 2019). However, examining water trading decision-
making at the meso-scale (i.e. regional, community or postcode level) has
been the object of much less attention — because water trading data were
previously not available at this spatial scale. Macro-scale analysis commonly
produces policy relevant findings, which are generalisable across a broader
region or a country. Conversely, micro-level analysis is used to gain in-depth
contextual knowledge, but with limited validity across space and time. At the
meso-scale, macro-level external driving forces may still be detectable, which
can be less obvious at the individual level — and also local conditions are not
as aggregated compared to the macro-level, where they may not be detected
(Messerli et al. 2015). Thus, a meso-scale analysis provides the opportunity to
better understand water trading movements and to capture more specific
regional influences. Other opportunities include being able to identify more
local areas where water extraction (surface-water and groundwater) can be
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expected to decrease or increase; or when land use is potentially changing and
where communities have specific adaptation needs.

2.2 Regional socio-economic and substitution effects

The impact of rural socio-economic development and population dynamics
on (water) resource use, agriculture and environment has been a continuing
topical issue globally (e.g. de Sherbinin e? a/. 2007; Hibbard and Lurie 2013) —
largely due to declining rural populations (e.g. Winkler ez al. 2012). Multiple
and complex processes lead to rural decline, which are often referred back to
push factors, such as loss of employment opportunities — but also the
perceived attractiveness of living in bigger cities causes noticeable out-
migration (Argent and Walmsley 2008). However, conversely, some rural
areas have experienced major economic transformations resulting in
improved rural economic diversity, rural-urban interdependence/income
parity, emergent exurban areas and amenity-led rural growth (Irwin et al.
2010). In Australia, rural (youth) out-migration and associated regional
socio-economic decline has been a long-term issue. However, diverse patterns
of rural decline may be apparent if different spatial (e.g. small-scale instead of
broad-scale data) and temporal scales are analysed (Carson et al. 2016).

Empirical research on how regional socio-economic changes affect farming
businesses, water trade decisions and activities in Australia is growing, but
still limited (e.g. see Barr 2009; McManus et al. 2012; Pritchard et al. 2012;
Wheeler et al. 2020b). A recent study found no statistically significant
association between water entitlement sales and regional decline in the MDB
(Haensch et al. 2019). Wheeler et al. (2020b) analysed the drivers of MDB
farm exit decisions at the statistical local area level from 1991 to 2011, and
found statistically significant associations between increased net farm exits
and decreased commodity output prices, increased urbanisation, higher
temperatures and higher unemployment. However, the study also found no
statistically significant link between net farm exit and changes in irrigation
water diversions and water trade movements.

This study focuses on the following regional socio-economic measures:
regional socio-economic index (SEIFA index); population density; distance
to cities; net primary production business income; and government benefit
payments. The agricultural economics literature has shown the importance
of some of these measures in agricultural land use decisions. For example,
von Thiinen’s (1826) agricultural location theory was the first to show how
and why land uses vary with market distance. Though mostly studied in
regional/urban economics research (Wu et al. 2017), regional socio-
economic characteristics (e.g. population density) are also pivotal in the
critical mass and agricultural infrastructure framework (Lynch 2006). For
example, population growth is related to several positive (e.g. increased
demand for farm produce) and negative (e.g. increased regulation) impacts
on agriculture (Lopez et al. 1988; Wu et al. 2011). Increased population (in
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some cases urbanisation) is likely to increase off-farm work opportunities
and the cultivation of high value crops — because of a new customer base —
which in turn may lead to either farm exit or increased farm income
(Gellrich et al. 2007; Wu et al. 2011). Moreover, population growth may
result in increased input costs (because of less agricultural activity in the
area in favour of off-farm jobs) and labour costs (because of increased
competition for labour) (Wu et al. 2011). Thus, the effect of population on
agricultural infrastructure (number of input supplier/output processors
affecting agricultural prices, e.g. input prices or transportation costs) and
farmers’ profit function varies with local institutional and other factors — for
example local land availability, property taxes and environmental regula-
tions (Roe et al. 2002).

In the empirical literature, studies have found positive associations between
population growth/density and farmland abandonment (Goetz and Debertin
2001; Gellrich et al. 2007); farmland value (Mukherjee and Schwabe 2015;
Dall’erba and Dominguez 2016); off-farm work participation (Lim-Applegate
et al. 2002); and farm production costs and net farm income (Wu et al. 2011).
A similar variable of distance to markets/roads significantly affects land use
decisions (Nelson and Hellerstein 1997; Marcos-Martinez et al. 2017), rural/
agricultural growth and agricultural land prices (Cho and Newman 2005;
Polyakov et al. 2014). We are interested if distance to market and similar
factors have an influence on water market trading patterns in the MDB.
Following the critical mass and agricultural infrastructure literature, we
hypothesise that irrigators’ profit functions are influenced by the state of, and
changes to, regional socio-economic factors, depending on how agricultural
prices change.

Another aim of this study was to analyse potential regional substitution
effects. Farmers’ ability to substitute farm inputs can improve farm
productivity when facing external shocks, such as input cost increases
(Vincent 1977; Sheng et al. 2016). Farmers may substitute feed inputs (farm-
grown forages/grains for purchased feed) on dairy farms in response to prices
(Moschini 1988); or substitute land for energy in response to increases in
electricity prices (Edwards et al. 1996). Similarly, irrigators may adjust their
water input mix to meet new environmental and economic conditions
(Mukherjee and Schwabe 2015). Nieswiadomy (1988) found that water
demand has a negative elasticity in response to increasing pump costs and is
substitutable with labour and technology. There is also evidence for crop
substitution (from irrigated to dryland crops) when energy prices increase
(Edwards et al. 1996; Konyar and Howitt 2000). Irrigators may respond
similarly to environmental changes, such as substituting crops (e.g. reducing
the area planted with rain-fed crops such as pasture and soybeans) or
increasing groundwater extraction in response to lower precipitation,
depending on irrigators’ abilities (Maneta et al. 2009; Wheeler et al.,
2020c). Additionally, substitutions between water and other crop inputs can
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depend on cropping patterns and profitability (e.g. there are lower levels of
substitution in low-value crops areas) (Cai et al. 2008).

This study examines different irrigation water substitution effects, focusing
on regional/community-level water input substitutability — in terms of water
resources (substitutability between surface and groundwater) and water rights
(substitutability between water entitlements and allocations). The substitu-
tion of surface-water or groundwater has become a common response to the
respective over-allocation of these resources in Australia (Wheeler et al.,
2020c). However, there is little knowledge about the consequences of
increased groundwater extraction and how to manage surface-water and
groundwater conjunctively (e.g. Ross 2018). In addition, over the years,
irrigators in the MDB became highly experienced in the use of the water
market. There is evidence of irrigators using water entitlements and water
allocations as complements (e.g. Delorit et al. 2019; Wheeler et al., 2020c);
and water trading in the southern MDB increasingly becoming part of a
broader farm business strategy (NWC 2012).

3. Methodology

3.1 Water market data and study area

Water entitlement and allocation trading data by postcode area, over four
years, were compiled and sourced from a leading private water broker
(Waterfind) for the southern MDB. The data include irrigation districts in
southern New South Wales (NSW), northern Victoria (VIC) and South
Australia (SA). The southern MDB is located in southeast Australia and was
selected as a case study because water markets are connected in this area, and
have been operating since the 1990s. Over the study time-period, some water
trading restrictions were in place in the southern MDB - for example, an
annual 4 per cent limit on the volume of water entitlements traded out of
irrigation districts in northern VIC (2007-2014) (Grafton and Wheeler 2018).

Water trading and several spatial datasets (described in the following
section) were analysed and plotted using a Geographic Information System
(GIS). This analysis focuses on postcode areas that have their centroid within
the boundaries of the southern MDB (n = 383). Because of the size of the
southern MDB (471,427 km?), there are postcode areas where water trading
is unlikely to occur (e.g. no farming area or no water entitlements issued).
Thus, the analyses are based on postcode areas that have had at least one
water allocation and entitlement transaction, respectively, in at least one of
the years considered.

It has been suggested that basing spatial research on administrative
boundaries may not be suitable for all types of research questions (Logan
2016). However, for the purposes of a regional analysis, postcode areas are
typically the smallest geographic area that can be associated with individual
farms (Roberts and Key 2008). The postcode area boundaries used in this
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study are based on statistical areas level 1 (SAl), created by the Australian
Bureau of Statistics (ABS), which are designed to contain broadly similar
population sizes (ABS 2011). Thus, postcode areas vary in area size — but
much less in population size — which fits the purpose of this analysis.

Data were provided from 2003/04 onwards until 2013/14, from a private
water market broker. Given the private water market broker reached market
dominance from 2010/11 onwards, particularly from 2012, when a competitor
in VIC ceased business (NWC 2013) — we only used water market trading
data from 2010/11 to 2013/14. When comparing the dataset from Waterfind
with publicly available water market data from the BOM (2020), it was found
that Waterfind accounted for 10.3 per cent of total surface-water entitlement
trade and 10.5 per cent of total water allocation trade in the study time-period
of 2010/10-2013/14 in the southern MDB. Unfortunately, the Waterfind
dataset provided no information about whether the purchase or sale was an
intra- or inter-trade within postcode areas. Thus, we used a different water
trade database from BOM (2020) to test and provide evidence whether total
water entitlement or allocation trade was a good proxy of net water
entitlement or allocation trade at a broader level (i.e. water trading zones).
The BOM database included whether the transaction took place inside or
outside of the trading zone. Water trading zones in the southern MDB are
generally larger than postcode areas and located along major water systems.
We excluded groundwater trade data and calculated the correlation between
total and net water entitlement and allocation trade. The average correlation
between net and total water allocation trade was found to be 0.97. Overall,
6,542 water allocation transactions were classified as occurring outside of the
trading zone and 27,761 inside the trading zone, between 2010/11 and 2013/
14. Water entitlement trading data showed that, out of a total of 9,629
entitlement trades in our four-year study period, only very few transactions
were traded outside of the trading zone. We were therefore able to conclude
that, at the broader/regional level, total water entitlement and allocation
trade data are a satisfactory proxy for net water entitlement and allocation
trade data.

Figure 1 shows the total water allocation and water entitlement trading
activities (in megalitres (ML)) in the southern MDB (total number of
observations: n = 1,839). Water entitlement trading data included high,
general and low security water entitlements.

Other data related to water markets and extraction include water prices,
groundwater extraction, water entitlements on issue (i.e. amount of water
made available to water users) and water allocation levels. These data were
primarily sourced from relevant water authorities within each state, the
Murray-Darling Basin Authority (MDBA), the Bureau of Meteorology
(BOM) and the National Water Commission (NWC) and are typically only
available at the river valley level. Thus, postcode areas were assigned to
relevant river valleys if they were located inside or closest to it. Water
allocation level data indicate the percentage of an irrigator’s water
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Figure 1 Total Water Trading Volume (ML) in the southern MDB Postcode Areas, 2010/
11-2013/14. Source: Created from data provided by Waterfind. [Colour figure can be viewed at

wileyonlinelibrary.com]

entitlement expected to be available for use within a farming season —
depending on the water availability in the specific water resource to prevent
water over-allocation. This variable indicates water scarcity levels per season

and region.
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3.2 Spatial and other regional data

A GIS database was compiled by collecting secondary spatial data, covering
biophysical, land use and regional socio-economic information. Biophysical
data comprised information of soil texture sourced from the Commonwealth
Scientific and Industrial Research Organization (CSIRO); dryland salinity
collected from the National Land and Water Resources Audit (NLWRA);
and rainfall and evapotranspiration data (e.g. Raupach et al. 2009) — as well
as a calculation of the distance to the downstream area of the River Murray.
Land use data were sourced from a composite dataset via the Australian
Bureau of Agricultural and Resource Economics and Sciences (ABARES
2012).

Variables that reflect regional socio-economic factors (i.e. location of cities,
population density, socio-economic index) were sourced from the ABS. The
regional socio-economic index (Index of Relative Socio-Economic Advantage
and Disadvantage (IRSAD)) from the Socio-Economic Indexes for Areas
(SEIFA) ranks areas according to relative socio-economic advantage and
disadvantage, based on the five-yearly Census. An area with a high score has
a relatively high incidence of advantage and a relatively low incidence of
disadvantage. The index is built on the basis of several variables relating to
income, education, housing, employment, occupation and other (ABS 2013).
Figure 2 shows the geographic pattern of the SEIFA for 2006 and 2011 in the
southern MDB. Overall, the SEIFA increased slightly between the Census
years in the southern MDB (the mean was 946.93 in 2006 and 970.77 in 2011).
Furthermore, the distance to cities (with population greater than 1,000) was
calculated and is used as a proxy for distance to markets, and other
infrastructure and services. The ABS defines urban centres as population
clusters of greater than 1,000 people (population centres with 1,000 to 19,999
people are defined as small towns), while areas below a population of 1,000
are defined as rural (ABS 1998). Distance to cities with population greater
than 10,000 was also calculated and tested. The Australian Taxation Office
(ATO) provided the net business income/loss for primary production and the
number of primary production businesses per postcode area for the relevant
financial years. Primary production activities include plant or animal
cultivation, fishing or pearling, and tree farming or felling (ATO 2016).
The same source provided government benefits data, which comprise
Australian Government allowances and payments, such as Newstart, youth
allowance and Austudy payment, per postcode area for the relevant financial
years.

This study comprises several time-variant and time-invariant variables
because of data collection constraints. Time-invariant variables are soil
texture, distance to cities, dryland salinity and land use. Though land use and
salinity are prone to changes over time, such information was not available
on an annual basis for our four-year period. Table 1 provides the descriptive
statistics.
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Figure 2 Geographic Pattern of Socio-Economic Ranking in the Southern MDB Postcode
Areas for 2006 and 2011. Note: A high index is relatively more advantageous. Data source:
ABS (2013). [Colour figure can be viewed at wileyonlinelibrary.com]

3.3 Regression Analysis

To analyse the relationship between water trading and various regional socio-
economic and spatial factors over time, several random-effects tobit panel
models (censored regression/limited dependent variable models) were
employed, allowing for inclusion of time-invariant variables. The tobit panel
models treated postcode areas for which no transactions were observed as not
reported (censored) observations (Greene 2003, p. 764):

y;:x;ﬁ_}—gia
yi=y;ify;>0.

The dependent variable y represents four water trade measures for a given
postcode area, namely volume of: i) water entitlement purchases; ii) water
entitlement sales; iii) water allocation purchases; and iv) water allocation
sales. These were estimated by summing the volumes of all approved water
entitlement and allocation sales/purchases within a postcode area for each
year, which resulted in different numbers of observations for the years and
models. The location variables (e.g. distance to cities, distance to downstream
area) account for potential spatial correlations in the dataset — because
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Table 1 Variable description and descriptive statistics
Variable Details Mean Std.
Dev.
Dependent variables
Water entitlement Total water entitlements sold/purchased per 2.50 2.62
sales (log ML) year between 2010/11 and 2013/14
Water entitlement 2.20 2.61
purchases (log ML)
Water allocation sales Total water allocations sold/purchased per 4.21 3.33
(log ML) year between 2010/11 and 2013/14
Water allocation 4.41 3.45
purchases (log ML)
Independent variables
Water entitlements Total water entitlements owned per year 13.03 1.56

owned (log ML)

Water allocation
level (%)

Water allocation level
previous 5 years (%)

Groundwater
extraction
(log ML)

Entitlement price
(log $/ML)
Entitlement price
previous year
(log $/ML)

Allocation price

(log $/ML)

Allocation price
previous year

(log $/ML)

Irrigated cropping (%)
Irrigated horticulture
(o)

Irrigated grazing (%)

Net rainfall (mm/year)
Net rainfall previous
5 years (mm/year)

Soil texture (index)

between 2010/11 and 2013/14 (namely it is

based on high security water entitlements for

VIC and SA; high and general security for

NSW) per river valley

Final seasonal irrigation water allocation levels ~ 90.95% 20.17
between 2010/11 and 2013/14 and average for

the previous 5 years (2005/06-2012/13) per 54.04 22.09
river valley (this indicates the percentage of a

water entitlement made available for use

within a farming season depending on the

water availability in the specific water

resource)

Annual groundwater extraction between 2010/ 9.31 2.98
11 and 2013/14 (long-term average annual

figures were used where data were not

available) per river valley

Market prices (volume weighted average 7.37 0.29
AUDS$/ML) of high security water
entitlements (general security for Lachlan, 7.47 0.29

NSW), per year and for the previous year
(2009/10-2012/13) per river valley (nominal

prices)t

Prices for water allocations (volume weighted 3.59 0.51

average AUD$/ML), per year and for the

previous season (2009/10-2012/13) per river 3.79 0.82

valley

Percentage of land under: 1.75 3.51

e Irrigated cropping (e.g. cereals, hay, silage, oil 3.33 8.52
seeds, sugar, cotton, pulses)

e Irrigated horticulture (perennial and seasonal) 4.06 9.80

e irrigated grazing/modified pastures (e.g. fodder
plants, pasture legumes, legume/grass mixture)

Rainfall minus evapotranspiration (mean mm/  95.17  130.05
year), spatial resolution: Skm, for the same 54.29 60.32
year and averaged for the previous 5 years (e.g.

2005/06-2009/10 for 2010/11)

Index of soil texture in the soil layer 1 (mean): 3.12 1.01
1 = sands, 2 = sandy loams, 3 = loams,

4 = clay loams/light clays, 5 = clays (spatial

resolution: 1.1 km)
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Table 1 (Continued)

Variable Details Mean Std.
Dev.
Dryland salinity 1 = Percentage of dryland salinity risk/hazard 0.44 0.50
(dummy) area per total agricultural area is greater than
4%; 0 = otherwise§
Distance to cities 1000 Mean Euclidean distance to cities within the 17.89 20.46
(km) postcode area with population greater than
1,000
Distance to cities Mean Euclidean distance to cities within the 52.53 45.28
10000 (km) postcode area with population greater than
10,000
Population density Population size per km? for previous year and 2.23 1.67
(log) averaged for the previous 5 years (linear
Population density interpolation using the Census years 2006, 2.23 1.66

previous 5 years (log) 2011 and 2016)
SEIFA index (2006, Index of Relative Socio-Economic Advantage 952.15 55.13

2011) and Disadvantage from 2006 and 2011. A high
SEIFA index (2011) index is relatively more advantageous. 962.43 55.02
Distance to Euclidean distance to downstream area/River  497.98  245.32

downstream area (km) Murray mouth (km)
Primary production Net business income/loss ($AUD) for primary  —0.74 26.48

business income production businesses in the previous year

Primary production (2009/10-2012/13) by business numbers (in —0.63 13.43
business income thousands)

previous 5 years

Government benefits Australian Government allowances and 8.63 0.26
(log) payments like Newstart, youth allowance and

Government benefits Austudy payment ($AUD). 8.61 0.27
previous 5 years (log)

Years (2010/11 — Dummy variables for farming seasons (e.g. 0.25 0.43
omitted; 2011/12; 2010/11 = 1 if farming season 2010/11,

2012/13; 2013/14) 0 = otherwise)

Note: Variables are based on postcode area level unless otherwise specified.

tSome areas fall inside river valley Lachlan, which received over 100% allocation in 2010/11 and 2011/12.
iFor smaller river valleys (e.g. Kiewa, Ovens, Broken), price data are not available for all years. In this
case, prices for VIC Murray above or below Barmah Choke were used.

§The dryland salinity dataset is now dated. However, some regional and more recent studies confirm the
continued occurrence of dryland salinity in some areas of the southern MDB (e.g. Fawcett, 2013).

random-effects tobit models cannot be estimated using spatial econometrics.
Spatial panel models also require a balanced panel (which our dataset cannot
produce) and no missing trade data in neighbouring postcode areas to define
an appropriate spatial matrix (there are missing postcode areas because of no
trade). We tested the quadratic terms of the regional socio-economic
variables to identify any potential threshold effects and non-linear relation-
ships. Similar non-linear relationships were found in related studies (e.g. Wu
et al. 2011).

While the marginal effects in tobit models have three forms (on the latent
dependent variable y?, on the unconditional dependent variable y;, and on the
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uncensored conditional dependent variable, y;y; - o); the marginal effects of
our interest are on the unconditional dependent variable y; — since we are
mainly concerned with factors affecting the level of water traded by all
observed postcodes (including zero volume). Variance inflation factor (VIF)
statistics and correlation matrices were checked for serious multicollinearity
issues (independent variables that had correlation factors above 0.7 and VIFs
above 5 were excluded).

In the water entitlement trading models, time-variant variables were
required to be lagged (e.g. previous five years) to reflect long-term issues,
which are more relevant for permanent water trading decision-making, and to
account for potential endogeneity issues. Time-variant regional socio-
economic variables (i.e. population density, SEIFA index), to some extent,
might be endogenous to water entitlement sales (e.g. in the case of farm exits
and farmers moving out of the region). We addressed this by using the
average population density of the previous five years (interpolated using the
data from three Census years) and the SEIFA index from the previous
Census. Similarly, water entitlement and allocation prices were lagged
(previous year) in each respective model (e.g. water allocation prices were
lagged in the water allocation volume models), to account for potential
endogeneity between volume and prices. However, water price was expected
not to be endogenous as the volume of water traded was measured on a
postcode level, while water prices are only made available based on a more
regional trading zone level. Hence, water trading volume within a postcode
area was not likely to be influential on water prices of a trading zone.
Additionally, water price is influenced by the demand and supply of the whole
connected southern MDB.

Initially, water allocation trading models were estimated using the same
long-term (lagged based on the previous five years) variables used in the water
entitlement trading models. As it was expected, the majority of those long-
term variables had no influence on temporary water allocation trading and
were then replaced by the current year variables to improve the water
allocation model fitness. Year dummy variables were excluded in the water
entitlement models, as current year’s water allocation prices in these models
reflect the effects of different years, resulting in severe multicollinearity (high
correlations greater than 0.7). In the water allocation models, year dummy
variables account for other important differences between the years that are
not based on weather or prices (e.g. irrigators’ increased adoption and
experience with allocation trade).’

3 Not including annual dummy variables in the water allocation models resulted in lower
model Wald-Chi-square test results and the results for water prices do not follow economic
theory.
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4. Results and discussion

4.1 Regional socio-economic effects

One of our aims was to test for an association between different measures of
regional socio-economic characteristics (population, distance/access to mar-
kets and infrastructure, regional socio-economic indexes, net primary
production business income and government benefits payments) and water
trading behaviour. The results under Table 2 indicate that most of these
regional socio-economic effects were more likely to be associated with water
entitlement selling and allocation purchasing, rather than water entitlement
purchasing and water allocation selling decisions.

An overall measure of regional socio-economics (the SEIFA index) was not
found to be associated with water entitlement selling decisions (although it
was found that more disadvantaged areas purchase larger volumes of water
entitlements and allocations). But results further show significant relation-
ships between increased volumes of water entitlement sales in regions with
increased primary production business incomes and lower government
benefits. Overall, there is little evidence that indicators of poor rural
community socio-economics was associated with higher water entitlement
sales.

However, larger volumes of water entitlements were more likely to be sold
from areas further away from cities (population over 1,000), but at a
decreasing rate, as shown by the squared term. In other words, remote areas
with greater distances to markets, infrastructure and other services were
associated with larger volumes of water entitlement sales — but only up to a
certain distance point (as shown in Figure 3). Irrigated agriculture in rural
areas may be more cost intensive and disadvantaged, for example in terms of
the connection to water and other infrastructure, resources and services.
Thus, farmers may need to adapt to external changes; meet farm business
needs (e.g. clearing debt); or facilitate a structural adjustment process. This
result supports findings from other empirical studies, linking closer distances
to markets with agricultural growth and land values (e.g. Cho and Newman
2005). At the same time, model results also suggest that areas with higher
population density (over the previous 5 years) are associated with larger
volumes of water entitlement sales. This may reflect the impact of growing
urbanisation (e.g. higher competition with urban labour markets) on fewer
remaining farms — and consequently a sale of their water entitlements. Thus,
model results reflect the multifaceted effects of regional socio-economic
factors for agriculture, as discussed earlier.

Figures 3 and 4 show the quadratic relationships of distance to cities in the
models (quadratic prediction and average marginal effects), when they were
found significant.

Conversely, distance to cities showed a significant non-linear relationship
with water allocation purchases (Figure 4). This may indicate a substitution
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Figure 3 Effects of Distance to Cities on Water Entitlement Sales (quadratic prediction (left)
and average marginal effects with 95 per cent confidence intervals (right)).
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Figure 4 Effects of Distance to Cities on Water Allocation Purchases (quadratic prediction
(left) and average marginal effects (right) with 95 per cent confidence intervals).

effect between selling water entitlements and purchasing water allocations in
rural areas further away from larger cities (until a certain threshold point).
This result was, however, not consistent in the robustness test model of net
water allocation purchases (see Table I).

In the robustness test models in the Appendix, we also re-estimated the
models using alternative measures of distance to cities (e.g. different
functional forms; distance to cities with population greater than 10,000).
Distance to cities with populations greater than 1,000 modelled as a linear
term did not statistically significantly influence water entitlement sales
(Table II). Other key results remained the same, when also testing distance to
cities with populations greater than 10,000 (squared) (Table III). Further-
more, we tested the remoteness index from ABS (which classifies areas into
outer regional, inner regional, major cities and remote). However, this was
not included in the final models, given lower Wald-Chi-square test results and
no statistically significant relationships found.
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4.2 Groundwater and other substitution effects

Our results found increased water entitlement sales where larger amounts of
groundwater were extracted. This confirms a potential substitution effect
between groundwater and surface water entitlement trade (i.e. where
groundwater resources are available and of sufficient quality, surface-water
entitlements seem to be sold on the market as surplus water) (Haensch ez al.
2016; Wheeler et al. 2016; Wheeler et al. 2020c). There has been slow progress
towards conjunctive management of connected groundwater and surface-
water resources in Australia (Ross 2018), and thus, evidence of substitution
effects underpin the importance of developing conjunctive water management
practices.

We conducted further analysis to investigate a potential substitution effect
between water entitlement sales and water allocation purchases. We included
water entitlement trade sale behaviour (lagged and current) in water
allocation purchase models (and water allocation purchase volumes in water
entitlement trade sale models) and did not find any statistically significant
influence, indicating that there seemed to be no detected substitution effect
between entitlement sales and allocation purchases within our time-period.

4.3 Other climate/environment relationships

Results confirmed findings from previous studies regarding other environ-
mental spatial impacts. There is a statistically significant and negative
association between net rainfall (over the previous five years) and water
entitlement and allocation sales. Thus, water scarcity drives water sales — for
example irrigators may change land uses or terminate irrigation as a result of
lower water availability, or buy temporary water to make up rainfall
shortfall. Furthermore, as expected, there is a statistically significant negative
association between water allocation levels received and water allocation
purchases. Hence, water scarcity drives the need to purchase more water on
the temporary water market, and irrigators are using this market to respond
to seasonal fluctuations in water allocation levels (Loch et al. 2012). This
variable showed no statistically significant effect in the net water allocation
purchase model of the robustness check (Table I).

Moreover, increased water entitlement sales occurred where dryland
salinity was present. Irrigators affected by dryland salinity typically may
not generate sufficient profits — leading to land use changes or irrigation exits,
which is reflected in higher water entitlement sales (Haensch et al. 2016).
Similarly, increased volumes of water entitlements were purchased where
dryland salinity did not occur.

Finally, land use variables have various impacts on water trading activity.
Areas with a higher percentage of irrigated croppers and grazers were more
likely to be buying higher volumes of water allocations.
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4.4 Robustness testing

Sensitivity checks of the tobit model results regarding the quadrature
approximation used in random-effects estimators were undertaken in order to
achieve stable coefficient estimates. Linear fixed effects panel models on the
time-variant variables and pooled regression models were estimated, and
models were tested by state as a robustness check. The alternative
specifications also found the key results presented previously.

As an additional robustness check, we calculated net volumes of water
entitlement and allocation trading per postcode area for the dependent
variables. Specifically, net water entitlement or allocation purchase (sale) was
defined as the net volume of water entitlement or allocation purchased (sold)
by a postcode area, and if an area was not a net purchaser (seller), the value
for this variable was zero. Both variables are positive and censored at zero.
The results of the models with net volumes of water trading as the dependent
variable are included in Appendix (Table I). This robustness check finds
similar results to the total water entitlement and allocation trade models
(Table 2) and suggests there are no major differences in factors associated
with total and net water entitlement and allocation trade in local areas in the
southern MDB.*

4.5 Overall summary and limitations

Overall, regional socio-economic factors and other spatial biophysical
variables, such as net rainfall, groundwater extraction and dryland salinity,
were statistically significant influences on water entitlement sale decisions, but
not water entitlement purchase decisions. Water entitlement volume pur-
chases by local areas were much more likely to be associated with water
market prices, location and soil productivity. Given past literature findings,
major differences in the determinants of water entitlement selling and
purchasing were expected. Water sale decisions are often connected to major
life or farm changes (e.g. decreasing or exiting farm production, converting to
dryland agriculture) and irrigators often place a high value on their water
entitlements as they have a strong connection to the land — whereas water
purchasing often means either continuing or expanding farm production
levels (Haensch, Wheeler and Zuo 2019).

4 One main reason for the similar results between total and met models is that a postcode
generally covers a small geographic area within which there may not be many sales and
purchases existing at the same time. Therefore, total sales (purchases) are not greatly offset by
total purchases (sales) within a postcode in a given year, and the total and net values would be
very close. The correlation coefficients between them are all reasonably large in magnitude and
statistically significant at the 0.01 significance level (0.99 between total entitlement purchase
and net entitlement purchase; 0.40 between total entitlement sale and net entitlement sale; 0.87
between total allocation purchase and net allocation purchase; and 0.69 between total
allocation sale and net allocation sale).
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As expected, water allocation trading was less likely to be affected by
spatial/land biophysical factors, than water entitlement trading — rather,
temporary trading was more associated with surplus water (such as water
entitlements owned within the area), rainfall and seasonal water allocation
levels. Conversely, longer-term characteristics (e.g. dryland salinity) appear to
mainly affect water entitlement trading activity, due to the long-term
investment characteristic of water entitlements.

The identification of substitution of surface-water for groundwater is a
concern for water governance in the future, especially given that many
groundwater bores are poorly monitored, and reform in all water sources of
monitoring, measurement and enforcement will be needed (Wheeler et al.
2020; Wheeler et al., 2020c).

There are multifaceted impacts of regional socio-economic aspects on
agriculture — and ultimately irrigators’ water trading decision-making (Crase
and Merton 2013; Wheeler ez al., 2020b). Indeed, the history of the placement
of irrigation districts has also played a role in driving the influence of water
trading on regional socio-economics. These impacts depend on the effects of
more urban and more rural/isolated areas on agricultural input and output
prices. Our results do not find any evidence of worsening rural socio-
economic measures driving greater water entitlement sales. However, it is
important to note the limitations of our analysis. We only had access to
complete water market trading data from one broker at the postcode level up
to 2013/14. Future studies should consider merging water trading data from
various sources at longer time scales and various spatial scales, as well as
investigating the historical aspects of the location of irrigation districts on
regional land values. Furthermore, modelling various measures of rural
socio-economics as dependent variables at the postcode level would reveal
further insights regarding the relationships between water market dynamics
and rural socio-economic change.

Wittwer and Young (2020) highlight the huge opportunity cost of investing
in irrigation infrastructure as a form of water recovery, and the subsequent
trade-offs for regional economies if money had been invested in services
instead. In addition, the current policy of providing grants for mainly
infrastructure development (e.g. see the Murray-Darling Basin Economic
Development Program) as the key way to stimulate regional outcomes needs
careful assessment. Overall, our results support more spatially refined and
targeted approaches in policy-making — akin to Crossman et al. (2010) —
detailing a land use reconfiguration policy approach, using spatial planning
to optimise local environmental and socio-economic outcomes. In the case of
water resources management, spatial planning and spatial prioritisation
problems arise when deciding on irrigation infrastructure investments,
irrigator support programs, ecosystem service payments, drought assistance,
water quality improvements, water extraction/trading regulations and gov-
ernment’s water purchases.
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5. Conclusions

Based on an extensive and unique community postcode-level dataset from
multiple sources, this study investigated influences on water trading
behaviour, by analysing the volume of permanent and temporary water
purchased and sold in the southern MDB. By controlling for a variety of
regional socio-economic factors (such as distance to cities, population
density, a regional socio-economic classification index, net primary produc-
tion income and government benefits), along with other spatial/biophysical
characteristics — important new insights on permanent and temporary water
trade were revealed.

Our model results found that very remote areas, and areas with lower
socio-economic classifications, were not statistically significantly associated
with higher volumes of water entitlements sold. Overall, there is little evidence
that indicators of poor rural community socio-economics was associated with
higher water entitlement sales.

The model results of water entitlement volumes sold suggested irrigators
switched between groundwater and surface-water extraction. In areas where
sufficient groundwater quality and quantity is available, irrigators increas-
ingly sold water entitlements as surplus water to adapt to external changes,
meet water demands or meet farm business needs. Evidence of such
substitution effects underpins the importance of developing conjunctive
water and land management plans that require robust measurement,
monitoring and enforcement of water extraction.

Overall, key spatial influences such as net rainfall, groundwater extraction
and dryland salinity were determining influences on the volumes of water
entitlements sold — while water entitlement purchase volumes were much
more likely to be associated with water market prices, location and soil
productivity. As expected from previous literature, volumes of water
allocation trading were more associated with water scarcity factors,
confirming that water markets provide an important adaptive tool for
irrigators in response to unfavourable conditions.

Data availability statement

The water trading data were collected from a private water broker
(Waterfind). Their policies do not allow providing the data.

References

ABARES. (2012). Catchment Scale Land Use Mapping for Australia Update November 2012
(CLUM Update 11]/12) dataset. Australian Bureau of Agricultural and Resource Economics
and Sciences (ABARES), Canberra, ACT.

ABS (1998). Australian Social Trends. Australian Bureau of Statistics (ABS), Canberra, ACT.

ABS. (2011). Australian Statistical Geography Standard (ASGS): Volume 3 - Non ABS
Structures. Australian Bureau of Statistics (ABS), Canberra, ACT.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/9T] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 02T YLOSINNIN 50 ALISHIAINN A 02721 688-L97 T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



Water market trade patterns within local areas 339

ABS (2013). Socio-Economic Indexes for Areas (SEIFA) 2011. Technical paper, Australian
Bureau of Statistics (ABS), Canberra, ACT.

Alston, M. (2004). ‘You don’t want to be a check-out chick all your life’: the out-migration of
young people from Australia’s small rural towns, Australian Journal of Social Issues 39,
299-313.

Ancev, T. (2015). The role of the commonwealth environmental water holder in annual water
allocation markets, Australian Journal of Agricultural and Resource Economics 59, 133-153.

Argent, N. and Walmsley, J. (2008). Rural youth migration trends in Australia: an overview of
recent trends and two inland case studies, Geographical Research 46, 139-152.

ATO (2016). Taxation Statistics. Australian Taxation Office (ATO), Canberra, ACT. https://
www.ato.gov.au/About-ATO/Research-and-statistics/Our-statistics/ Taxation-statistics/.

Barr, N. (2009). The House on the Hill: The Transformation of Australia’s Farming
Communities. Land and Water Australia in association with Halstead Press, Canberra,
ACT.

Bjornlund, H. (2004). Formal and informal water markets: drivers of sustainable rural
communities?, Water Resources Research 40, W09S07.

BOM. (2020). Water Information, Bureau of Meteorology (BOM). Available from URL:
http://www.bom.gov.au/water/dashboards/#/water-markets/national/state/et?s = National.
[Accessed 12 March 2020]

Brown, T.C. (2006). Trends in water market activity and price in the western United States,
Water Resources Research 42, W09402.

Cai, X., Ringler, C. and You, J.-Y. (2008). Substitution between water and other agricultural
inputs: Implications for water conservation in a River Basin context, Ecological Economics
66, 38-50.

Calatrava, J. and Garrido, A. (2005). Spot water markets and risk in water supply, Agricultural
Economics 33, 131-143.

Carson, D.B., Carson, D.A., Porter, R., Ahlin, C.Y. and Skold, P. (2016). Decline, adaptation
or transformation: new perspectives on demographic change in resource peripheries in
Australia and Sweden, Comparative Population Studies 41, 379-406.

Cho, S.-H. and Newman, D.H. (2005). Spatial analysis of rural land development, Forest
Policy and Economics 7, 732-744.

COAG (2004). Intergovernmental Agreement on a National Water Initiative. Council of
Australian Governments, Australian Government (COAG), Canberra, ACT.

Connor, J.D., Schwabe, K., King, D., Kaczan, D. and Kirby, M. (2009). Impacts of climate
change on lower Murray irrigation, Australian Journal of Agricultural and Resource
Economics 53, 437-456.

Crase, L. and Merton, E. (2013). Correcting misconceptions about links between water
planning and food security in the Murray-Darling basin, Economic Papers: A Journal of
Applied Economics and Policy 32, 298-307.

Crase, L., Pagan, P. and Dollery, B. (2004). Water markets as a vehicle for reforming water
resource allocation in the Murray-Darling Basin of Australia, Water Resources Research 40,
1-10.

Crossman, N.D., Connor, J.D., Bryan, B.A., Summers, D.M. and Ginnivan, J. (2010).
Reconfiguring an irrigation landscape to improve provision of ecosystem services, Ecological
Economics 69, 1031-1042.

Dall’erba, S. and Dominguez, F. (2016). The impact of climate change on agriculture in the
Southwestern United States: the Ricardian approach revisited, Spatial Economic Analysis
11, 46-66.

de Bonviller, S., Zuo, A. and Wheeler, S. (2019). Is there evidence of insider trading in
Australian water markets?, Australian Journal of Agricultural and Resource Economics 63,
307-327.

de Sherbinin, A., Carr, D., Cassels, S. and Jiang, L. (2007). Population and environment,
Annual Review of Environment and Resources 32, 345-373.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/9T] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 02T YLOSINNIN 50 ALISHIAINN A 02721 688-L97 T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://www.ato.gov.au/About-ATO/Research-and-statistics/Our-statistics/Taxation-statistics/
https://www.ato.gov.au/About-ATO/Research-and-statistics/Our-statistics/Taxation-statistics/
http://www.bom.gov.au/water/dashboards/#/water-markets/national/state/et?s=National

340 J. Haensch et al.

Delorit, J.D., Parker, D.P. and Block, P.J. (2019). An agro-economic approach to framing
perennial farm-scale water resources demand management for water rights markets,
Agricultural Water Management 218, 68-81.

Edwards, B.K., Howitt, R.E. and Flaim, S.J. (1996). Fuel, crop, and water substitution in
irrigated agriculture, Resource and Energy Economics 18, 311-331.

Fawecett, J. (2013). Mallee Salinity Workshop May 30, 2012: Chapter 4 — Dryland Salinity
Drivers and Processes. Mallee Catchment Management Authority, Mildura.

Gellrich, M., Baur, P., Koch, B. and Zimmermann, N.E. (2007). Agricultural land
abandonment and natural forest re-growth in the Swiss mountains: a spatially explicit
economic analysis, Agriculture, Ecosystems and Environment 118, 93-108.

Giannoccaro, G., Castillo, M. and Berbel, J. (2015). An assessment of farmers’ willingness to
participate in water trading in southern Spain, Water Policy 17, 520-537.

Goetz, S.J. and Debertin, D.L. (2001). Why farmers quit: a county-level analysis, American
Journal of Agricultural Economics 83, 1010-1023.

Grafton, R.Q., Libecap, G., McGlennon, S., Landry, C. and O’Brien, B. (2011). An integrated
assessment of water markets: a cross-country comparison, Review of Environmental
Economics and Policy 5, 219-239.

Grafton, R.Q. and Wheeler, S.A. (2018). Economics of water recovery in the murray-darling
Basin, Australia, Annual Review of Resource Economics 10, 3.1-3.24.

Greene, W.H. (2003). Econometric Analysis, Sth edn. Prentice Hall, Upper Saddle River, NJ.

Haensch, J., Wheeler, S.A. and Zuo, A. (2019). Do neighbors influence irrigators’ permanent
water selling decisions in Australia?, Journal of Hydrology 572, 732-744.

Haensch, J., Wheeler, S.A., Zuo, A. and Bjornlund, H. (2016). The impact of water and soil
salinity on water market trading in the Southern Murray-Darling Basin, Water Economics
and Policy 2, 1-26.

Hansen, K., Howitt, R. and Williams, J. (2014). An econometric test of water market structure
in the Western United States, Natural Resources Journal 55, 127-152.

Hibbard, M. and Lurie, S. (2013). The new natural resource economy: environment and
economy in transitional rural communities, Society and Natural Resources 26, 827-844.
Howe, C.W., Schurmeier, D.R. and Shaw, W.D. (1986). Innovative approaches to water

allocation: the potential for water markets, Water Resources Research 22, 439-445.

Irwin, E.G., Isserman, A.M., Kilkenny, M. and Partridge, M.D. (2010). A century of research
on rural development and regional issues, American Journal of Agricultural Economics 92,
522-553.

Isé, S. and Sunding, D.L. (1998). Reallocating water from agriculture to the environment
under a voluntary purchase program, Review of Agricultural Economics 20, 214-226.

Kiem, A.S. (2013). Drought and water policy in Australia: challenges for the future illustrated
by the issues associated with water trading and climate change adaptation in the Murray-
Darling Basin, Global Environmental Change 23, 1615-1626.

Kirby, M., Bark, R., Connor, J., Qureshi, M.E. and Keyworth, S. (2014). Sustainable
irrigation: how did irrigated agriculture in Australia’s Murray-Darling Basin adapt in the
Millennium Drought?, Agricultural Water Management 145, 154-162.

Konyar, K. and Howitt, R.E. (2000). The cost of the Kyoto protocol to U.S. crop production:

measuring crop price, regional acreage, welfare and input substitution effects, Journal of

Agricultural and Resource Economics 25, 347-367.

Lee, L.-Y.-T. and Ancev, T. (2009). Two decades of murray-darling water management: a river
of funding, a trickle of achievement, Agenda: A Journal of Policy Analysis and Reform 16,
5-23.

Lim-Applegate, H., Rodriguez, G. and Olfert, R. (2002). Determinants of non-farm labour
participation rates among farmers in Australia, Australian Journal of Agricultural and
Resource Economics 46, 85-98.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/9T] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 02T YLOSINNIN 50 ALISHIAINN A 02721 688-L97 T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



Water market trade patterns within local areas 341

Loch, A., Bjornlund, H., Wheeler, S.A. and Connor, J.D. (2012). Allocation trade in
Australia: a qualitative understanding of irrigator motives and behaviour, Australian
Journal of Agricultural and Resource Economics 56, 42-60.

Logan, J.R. (2016). Challenges of spatial thinking, in Howell, M.F., Porter, R.J. and
Matthews, A.S. (eds), Recapturing Space: New Middle-Range Theory in Spatial Demography.
Springer International Publishing, Cham, pp. 11-36.

Lopez, R.A., Adelaja, A.O. and Andrews, M.S. (1988). The effects of suburbanization on
agriculture, American Journal of Agricultural Economics 70, 346-358.

Lynch, L. (2006). Critical mass: does the number of productive farmland acres or farms affect
farmland loss?, in Johnston, R.J. and Swallow, S.K. (eds), Economics and Contemporary
Land Use Policy: Development and Conservation at the Rural-Urban Fringe. Resources for
the Future, Washington, DC, pp. 119-149.

Maneta, M.P., Torres, M.O., Wallender, W.W., Vosti, S., Howitt, R., Rodrigues, L., Bassoi,
L.H. and Panday, S. (2009). A spatially distributed hydroeconomic model to assess the
effects of drought on land use, farm profits, and agricultural employment, Water Resources
Research 45, 1-19.

Marcos-Martinez, R., Bryan, B.A., Connor, J.D. and King, D. (2017). Agricultural land-use
dynamics: assessing the relative importance of socioeconomic and biophysical drivers for
more targeted policy, Land Use Policy 63, 53-66.

McManus, P., Walmsley, J., Argent, N., Baum, S., Bourke, L., Martin, J., Pritchard, B. and
Sorensen, T. (2012). Rural community and rural resilience: what is important to farmers in
keeping their country towns alive?, Journal of Rural Studies 28, 20-29.

Messerli, P., Bader, C., Hett, C., Epprecht, M. and Heinimann, A. (2015). Towards a spatial
understanding of trade-offs in sustainable development: a Meso-scale analysis of the nexus
between land use, poverty, and environment in the lao PDR, PLoS One 10, e0133418.

Moschini, G. (1988). The cost structure of Ontario dairy farms: A microeconometric analysis,
Canadian Journal of Agricultural Economics|/Revue canadienne d’agroeconomie 36, 187-206.

Mukherjee, M. and Schwabe, K. (2015). Irrigated agricultural adaptation to water and climate
variability: the economic value of a Water Portfolio, American Journal of Agricultural
Economics 97, 809-832.

Nelson, G.C. and Hellerstein, D. (1997). Do roads cause deforestation? Using satellite images
in econometric analysis of land use, American Journal of Agricultural Economics 79, 80-88.

Nieswiadomy, M. (1988). Input substitution in irrigated agriculture in the high plains of Texas,
1970-80, Western Journal of Agricultural Economics 13, 63-70.

NWC (2012). Impacts of Water Trading in the Southern Murray-darling basin Between 2006-07
and 2010-11. National Water Commission (NWC), Canberra, ACT.

NWC (2013). Australian Water Markets Report 2012-13. National Water Commission (NWC),
Canberra, ACT.

Polyakov, M., Pannell, D.J., Pandit, R., Tapsuwan, S. and Park, G. (2014). Capitalized

amenity value of native vegetation in a multifunctional rural landscape, American Journal of

Agricultural Economics 97, 299-314.

Pritchard, B., Argent, N., Baum, S., Bourke, L., Martin, J., McManus, P., Sorensen, A. and
Walmsley, J. (2012). Local — If possible: how the spatial networking of economic relations
amongst farm enterprises aids small town survival in rural Australia, Regional Studies 46,
539-557.

Pritchard, B. and McManus, P. (2000). Land of discontent: the dynamics of change in rural and
regional Australia. UNSW Press, Kensington, NSW.

Quiggin, J. (2001). Environmental economics and the Murray-Darling river system, Australian
Journal of Agricultural and Resource Economics 45, 67-94.

Raupach, M., Briggs, P., Haverd, V., King, E., Paget, M. and Trudinger, C. (2009). Australian
Water Availability Project (AWAP): CSIRO Marine and Atmospheric Research Compo-
nent: Final Report for Phase 3 (Technical Report No. 013). Centre for Australian Weather
and Climate Research (CAWCR), Melbourne, Vic.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/9T] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 02T YLOSINNIN 50 ALISHIAINN A 02721 688-L97 T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



342 J. Haensch et al.

Regnacq, C., Dinar, A. and Hanak, E. (2016). The gravity of water: water trade frictions in
California, American Journal of Agricultural Economics 98, 1273-1294.

Roberts, M.J. and Key, N. (2008). Agricultural payments and land concentration: a
semiparametric spatial regression analysis, American Journal of Agricultural Economics 90,
627-643.

Roe, B., Irwin, E.G. and Sharp, J.S. (2002). Pigs in space: modeling the spatial structure of hog
production in traditional and nontraditional production regions, American Journal of
Agricultural Economics 84, 259-278.

Ross, A. (2018). Speeding the transition towards integrated groundwater and surface-water
management in Australia, Journal of Hydrology 567, el—e10.

Seidl, C., Wheeler, S.A. and Zuo, A. (2020). Treating water markets like stock markets: key
water market reform lessons in the Murray-Darling Basin, Journal of Hydrology 581,
124399.

Sheng, Y., Davidson, A., Fuglie, K. and Zhang, D. (2016). Input substitution, productivity
performance and farm size, Australian Journal of Agricultural and Resource Economics 60,
327-347.

Vincent, D.P. (1977). Factor substitution in Australian agriculture, Australian Journal of
Agricultural Economics 21, 119-129.

von Thiinen, J.H. (1826). Der isolierte Staat mit Beziehung auf Landwirtschaft und
Nationalkékonomie. Perthes, Hamburg.

WEF (2019). The Global Risks Report 2019, 14th edn. World Economic Forum (WEF),
Geneva.

Wheeler, S., Carmody, E., Grafton, R., Kingsford, R. and Zuo, A. (2020). The rebound effect
on water extraction from subsidising irrigation infrastructure in Australia, Resources,
Conservation and Recycling 159, 104755-1-104755-17.

Wheeler, S.A. and Garrick, D. (2020). A tale of two water markets in Australia: lessons for
understanding participation in formal water markets, Oxford Review of Economic Policy 36,
132-153.

Wheeler, S.A., Haensch, J., Edwards, J., Schirmer, J. and Zuo, A. (2018). Quantifying an
integral ecology framework: a case study of the Riverina, Australia, Earth’s Future 6,
192-212.

Wheeler, S.A., Loch, A., Crase, L., Young, M. and Grafton, R.Q. (2017). Developing a water
market readiness assessment framework, Journal of Hydrology 552, 807-820.

Wheeler, S.A., Loch, A., Zuo, A. and Bjornlund, H. (2014). Reviewing the adoption and
impact of water markets in the Murray-Darling Basin, Australia, Journal of Hydrology 518,
28-41.

Wheeler, S.A., Schoengold, K. and Bjornlund, H. (2016). Lessons to be learned from
groundwater trading in Australia and the United States, in Jakeman, A.J., Barreteau, O.,
Hunt, R.J., Rinaudo, J.D. and Ross, A. (eds), Integrated Groundwater Management:
Concepts, Approaches and Challenges. Springer International Publishing, Cham, pp.
493-517.

Wheeler, S.A., Xu, Y. and Zuo, A. (2020). Modelling the climate, water and socio-economic
drivers of farmer exit in the Murray-Darling Basin, Climatic Change 158, 551-574.

Wheeler, S.A., Zuo, A., Bjornlund, H. and Lane Miller, C. (2012). Selling the farm silver?
Understanding water sales to the Australian government, Environmental and Resource
Economics 52, 133-154.

Wheeler, S.A., Zuo, A. and Hughes, N. (2014). The impact of water ownership and water
market trade strategy on Australian irrigators’ farm viability, Agricultural Systems 129,
81-92.

Wheeler, S.A., Zuo, A. and Kandulu, J. (online version). What water are we really pumping?
The nature and extent of surface and groundwater substitutability in Australia and
implications for water management policies, Applied Economic Perspectives and Policy.
https://doi.org/10.1002/aepp.13082.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/9T] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 02T YLOSINNIN 50 ALISHIAINN A 02721 688-L97 T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://doi.org/10.1002/aepp.13082

Water market trade patterns within local areas 343

Winkler, R., Cheng, C. and Golding, S. (2012). Boom or bust? Population dynamics in natural
resource-dependent counties, in Kulcsar, L.J. and Curtis, K.J. (eds), International Handbook
of Rural Demography. Springer, Netherlands, Dordrecht, pp. 349-367.

Wittwer, G. (2011). Confusing Policy and catastrophe: buybacks and drought in the murray-
darling basin, Economic Papers: A Journal of Applied Economics and Policy 30, 289-295.
Wittwer, G. and Young, M.D. (2020). Distinguishing between policy, drought and
international events in the context of the murray darling basin plan. CoPS Working Paper

No. G-295, March 2020, Centre of Policy Studies, Victoria University, Melbourne.

Whu, J.J., Fisher, M. and Pascual, U. (2011). Urbanization and the viability of local agricultural
economies, Land Economics 87, 109-125.

Wu, J.J., Weber, B.A. and Partridge, M.D. (2017). Rural-urban interdependence: a framework
integrating regional, urban, and environmental economic insights, American Journal of
Agricultural Economics 99, 464-480.

Zuo, A., Brooks, R., Wheeler, S.A., Harris, E. and Bjornlund, H. (2014). Understanding
irrigator bidding behavior in Australian water markets in response to uncertainty, Water 6,
3457.

Zuo, A., Nauges, C. and Wheeler, S.A. (2015). Farmers’ exposure to risk and their temporary
water trading, European Review of Agricultural Economics 42, 1-24.

Zuo, A., Qiu, F. and Wheeler, S.A. (2019). Examining volatility dynamics, spillovers and
government water recovery in Murray-Darling Basin water markets, Resource and Energy
Economics 58, 101113.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR | 31 89S " [7202/70/9T] Uo ARIGITBUNUO ABIIM *A¥YHE1T NOSTIM 02T YLOSINNIN 50 ALISHIAINN A 02721 688-L97 T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



14678489, 2021, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8489.12420 by UNIVERSITY OF MINNESOTA 170 WILSON LIBRARY, Wiley Online Library on [16/04/2024]. See the Terms and C: y.wiley. t - litions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

"ULI9) JBAUI| AU} 10J Paliodalr oIk anjeA UBIUL dU) JB )00 [BUISIRW A} ‘PBIISUT SI[QRLIBA IBIUI[-UOU 10J PAlIodal Ik $109y0 [euISIeW ON

€796 65°€S ¥0°6C L918 1Yo prem
rey S09 SIg Siy SUOIIBAIISQ
€TSII 1°608¢1 %6'L6E6S %6'0b8¢ JuRISUOD)
102+26 I'LLLT  0TI'9% ¥'811 Y1/€10C
0Ly 88L €69€T  TSLYII— 8 TIh— €1/210¢
6Ly TS 9'1€ST  TLIP6E— 6C101— z1/110z
61TCST— 6'LSL—  6T€ES— 69¢I—  86£8C 9¥TET  SOTILI— #x9PEY— (801) s1yaUaq JUSWUIA0D
8591~ €56~ 08¢°¢ ¥L9°8 ovL'6 9¢°SY v9S°1 #xCL6'E swoour sseuisnq ‘poxd Arewrig
829°¢— 8L°9T— ¥TT 0~ 20076~ 1LS'L— #x9T'SE— S0T0— 50— Xopur v ATdS
€8t P6E— ['9€T—  €6£°6C 81 €SLTH— ['661—  690°C¢E «xE7°18 (Soy) Lysuap uonendod
898'1— #S0°0— 600000 wxx 170~ () parenbs Q1 senId 03 doUBISI
< $866— €18 805" €~ 8y ce— 918°01— 8¢°0S— 119°L #%65°TE (W) 0001 SN 03 NUEISI(T
- 80G°8L—  4xx06'0T— S0°L vLS 0~ LETT— Y67 S~ 700°0— $00°0— (uny) BaIe WEAISUMOpP 0} DUEBISIT
M 96L'9S TL69—  SELEI- Tz $T8'8Eh— ¥6'€P0T— €V #xE 61 (Awrwnp) Krurpes pueliq ¢
3) SEOTET—  #x+97C09T  60€°T8 6'€91—  YLY'POT ¥'256 11— LY'8T— amixe) oy =
2 LT1'998 x5V ST 0S8°€9—  sxx€EE°L— LTS'T LLTT 16v°0— «LVT 1= (Teokjfuw) [rejurer oN - 3
i €ET's #x00°€6 LS8T— swxxP8 68— IS¢~ P8 11— 0LT1— YTTe— (%) Suizeis poyesuay 7
an) 056°0¢ 9¢0'6— L00'SE— 9616~ 9¢T°SI S0L 801°0 SLTO (%) dImynonioy paesiy £
—_ L00'€— £9'€ST 89— I'Ly— LLE'ST— vL— 8TL'IT xxL1°GS (%) Surddoio payesiuy g
98¢ PS8IT—  1SE'8I— €PSL €TLTE9 «0'LV6T  €81°CE— TL18— J(T/$ Sop) 2oud uoneooy =
8GETLS 6'61LT  SOL'Lvb— 6VIT—  0TH'88ET—  4xx8°99%9—  Spv'81— ¥89p— L(TIN/$ 3op) soud Juswapnug
9b0°C¢ LS'8E— €T6'TE— €L 66€'8— T16g— 68%°0 1vC1 (%) 19A9] UONBIO[Y
9€8°CI— 62796 v29°0 6 18— 81567~ §LEI—  6ELET +x68 7€ (TN Soy) uonoenxd 1jempunory =
L8Y'€E 9001 LY 681 +5%E98% €69°01— 8 6h— wSrI- 926'C— (‘TN 8o[) paumo sjuduRIRUy 1
Xp/Ap JUAIOLJI0)) Xp/Ap JUAIOLYI0)) Xp/Ap JUADJI0)D) xp/Ap JUIADPI0D) m
aseyoind uoneoo[e 1N dles uoneoo[[e 1N aseyoind JuswWONIIUS JON 9[es JUSWAINUD JON m
PI/€10C-11/010T ‘AN uldynos oy =
SSOIO® S[9AQT 9P023ISOd 1B (SWN[OA) SUIPBI] UONIBOO[[Y PUE JUSWNIUY JAIBAN 19N JO S[OPOIA [QUBd SI09H-WOopuey 11qO ] YD ssauisnqoy [ dqeL m
3 g
& xipuaddy o

(10070 > d) 1591 a1renbs-1yD)-pleAy JO SINsa1 Ay} A4q umoys Jueoyrugis A[jeonsne)s A[YSIy aIe SPPoOW Pojewsd [y "UWN[od Juddelpe oY) ul pajudsaid are s1o9yo [eursiew

9y} pUE ‘UWN[0d ISIY oY} Ul PAJuasald dIe SAIBWISI JUSIOLYO0D Y I, “A[9A10dSaI “S[OAJ] 9, | PUB 24§ ‘0,0 YY) J& 20UBIYIUSIS 0JBIIPUL [()°0) > J

pue S0'0 > d,, 01'0 > d,

sk

"S[OPOW SWN[OA APEI} UOHEIO[[E dY} Ul PaFSe[ dIe s301Id UOEOO[[E PUE ‘S[9POW AWN[OA IPLI) JUSWS[IIUS Y} Ul P3Ie[ Ik sa0Ld JusWANNUY, BI0N




14678489, 2021, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8489.12420 by UNIVERSITY OF MINNESOTA 170 WILSON LIBRARY, Wiley Online Library on [16/04/2024]. See the Terms and Condi y.wiley. t - litions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

5 :
on 2
“WLId) TBOUI] 9} 10J paj1odal oIk onjeA UBIW dY) JB S109d [eUISIRW ) .m
‘PBIISUI SO[QBLIBA JBAUI[-UOU JOJ PalIodal are s3109)jd [euISIew oN "A[oANdadsal ‘S[OA] 9, PUB %G ‘0,0 dYI }& 90UBOYIUSIS 9JBIIPUI [()°() > d,, PUes00>d, 010>d, @
"S[OpOUI AWNJOA dPLI) JUSWANNUD 3y} Ul PaSTe| are se0Ld UOIEOO[[E PUE ‘S[OPOW SWIN[OA IPEI) UONEIO[[E dY) Ul pagse| a1k sootd juowepnuy, P10N m
=}
2
TLOgl S6'L8I 6L'SY 0¥'29 JPPEM 3
. 1434 09 SI¢ SLy SUONEAISQO
S 6L11 WA €0°cE LE9T jueisuo)y - 2
= LEET +4x070°€ §€0°C #4xLL9'T vi/eroc £
= 70 6820 $S6°0 95T'1 AN (UA.-
9 81¥°0— PP 0— 97T 0~ 8620~ AT (U
- 01T’ €LS°1 9%0°0 190°0 601°0 9020 €9 1- +89LC— (301) syyouaq JwoWIUIOACD  Z
£ #0000 $000°0 100°0 100°0 9000 110°0 6100 +1€0°0 swoout ssauisnq uoponpoxd Arewng 3
= 020'0—  %4970°0— L00°0— 0100——  TI00— +%CC0°0— $00°0— 800°0— Xopul VAIAS <
z SST°0 2020 w00 950°0— L8070 §9T°0 $80°0 SP1°0 (Soy) Ansuop vonendog £
2 0500 #%590°0 800°0— 110°0— €00°0 900°0 0200 v€0°0 (W) 0001 sonto 03 duewISIq £
= £00°0— +%500°0— 200°0— +%£00°0— €00°0— +%500°0— 100°0— 1000~ (Ury) Bore WELAIISUMOD 0] DUEISIT 2
s TILO LT6°0 995°0 SPL0 895°0— vLOT— 98L°0 +4xEECT (Awwmnp) Auires pueldiq <
g ¥9€°0 YLY'0 8TI'0 891°0 1L€°0 10L°0 00— 1L0°0— aImxa) Jlog g
o $0000°0— 1000°0— 900°0— %8000~ T00°0— #00°0— 010°0—  sxxL10°0— (1eof/ww) [lEjUTRI JON  ©
= 0500 #5900 1€0°0— 1700~ 600°0— L10°0— $10°0— 920°0— (%) Surzeid pajesLi]
= 800°0 0100 1€0°0— %00~ #00°0— 800°0— 0100~ 9100~ (%) 2IMnonIoY pajesLiI]
= 917°0 w5 18T°0 960°0 9z1°0 TLO0 *LET'0 $61°0 s €€°0 (%) Surddoto payesLLy
-4 $60'1— vy - L61°0— 6570~ €Tl sk CEET €110 161°0 (TW/$ 3o1) so11d uonesoNy
< SL80 8ET'1 L8ET— «PC8 1 885 1— #%€00°€— 1600 SST°0 (TIN/$ Sor) 2o11d Juswanuyg
& €20°0— #+0€0°0— 1000°0 1000°0 €000 900°0 800°0 €100 (%) 19A9] uONEOO[Y
8 $€0°0— 9%0°0— L1070~ 7200~ €400 180°0 0120 #4xSSE0 (TN S0J) uonoeIxs I9)eMpuUNOID)
% €€0°0— £70°0— 1550 +xxVTL0 S¥0°0— $80°0— €000~ 0070~ (TN Sop) paumo sjuswanuy
Xp/Ap JUAIOLYI0)) Xp/Ap JUAIOLJI0)) xp/Ap JUAIOLPI0)) xXp/Ap JUAIDPI0D)
owaOHSQ Uuonedoy 9Jes UoNedO[y ommaohsg juawdnuy QJes judwenuy

((wxdy xeaury) 0001 uey) I91eaId suonemdod Yim sanId 03 d0UR)SIP d[qRLIBA ) SUIPN[OUL) [OPOJA [dURd SIO9PH-WOpURY O] 191 I dqBL



14678489, 2021, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8489.12420 by UNIVERSITY OF MINNESOTA 170 WILSON LIBRARY, Wiley Online Library on [16/04/2024]. See the Terms and C: y.wiley. t - 15) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

uL19) JedUI] 9y} 10j pajiodar re anjeA uBAW AU} JB $]99d [BUISIRW I
‘PEOISUT ISO[qRLIEA TEQUI[-UOU 10J Po1IodoI dIE $100[j0 [eUIBIew ON "A[PAN0AdSAT ‘S[OAJ] 94 PUR 9%4G 001 AU 18 SOUBDIYIUTIS OBIIPUL [0 > d s PUE SO0 > d s 010 > d,
‘S[OPOW SWIN[OA OPBI) JUIWINUD Y} Ul PadSe] a1 seoLId UONBIO[[B PUE ‘S]OPOUL JWN[OA dPBI) UONBIO[[R dY) Ul pagSe| a1k sadold juowopnuyg 910N

STeeT 86881 6L%S 8€°L9 U2 Prem
1434 09 913 SLy SUONBAIASQO
v€0'6 8191 i4a 7 #x60 0% ueIsuo)
61+'C *xx768°C 890°C #xxCL9'T v1/€10C
TLEO vLEO Te0'l T9¢€'1 €1/z10C
¥0€°0— 90%'0— 8L1°0— LOT0- ci/1ioc
ILT'T 8TS'1 0200 1L0°0— SY0'0— 651°0— LSLT=  5xsx9S0p— (301) s1youRq IUAWUINA0D
L0000°0 1000°0 8000°0 90000 100°0 2000°0— 6100 *CE0°0 dwoout ssautsnq uononpord Arewrtig
L1070~ #x0T0"0— 9000~ L000— LO00— T10°0- €000~ L00°0— Xopur VATdS
¥62°0 #xL88°0 100°0 1220 weo man SLT'0 %0LS°0 (3o1) Lysusp uonendog
~ $0000°0— 200000 €000°0— T000°0 (ury) parenbs 00O $ANIO 01 PUEISI
S 0100 €200 $00°0 #00°0 S10°0 %0L0°0 8000 9100~ (uny) 0001 seNI 03 UBISIT
© ¥C00°0— 9000°0— L0000~ #%xC00°0— (uy) parenbs Q[ sen 03 eoUBISI Y
S5 9%0°0 +x80T°0 110°0— 8700 $00°0 9L0°0 120°0 —aAa (W) 0001 sono 01 PuUEISIA
2 P00'0—  #xxS00°0— T00°0— #x€00°0— T00'0— +700°0— $000°0— 100°0— (Uny) BaIL WEaNSUMOP 0 dUBIIT 3
Q 96°0 x61°1 859°0 ¥806°0 76070~ 68€°0~ 0v6°0 —red! (Awwmp) Kyurpes pueifaq 7
T 9T0 192°0 $80°0 090°0 97T'0 8S€°0 901°0— LS00~ amyxo) 0§ E
—_ 200070 #000°0 900°0—  ##x800°0— 10070~ £00°0— 8000= 441070~ (1eafjww) [ejures PN 2
LSOO #5%6L0°0 620°0— TE0°0— 000 6000 800°0— 2000 (%) Suizers pojesuy =
100°0— 80000 LEO0— 8700~ 01070~ €100~ 61070~ LT00~ (%) emymonioy paresiuy £
1ST°0 ##xC9€°0 TIro #+89T°0 TTro #4x67C°0 €70 +4xL6E°0 (%) Sutddomo pajesuy 2
¥€0'1— 06T 1— €LT 0~ 681°0— Wl #4xS€T'T L60°0 TLO0 J(TIN/$ Sop) doud uoneooqy =
688°0 TTT0 €6€ 1 #5661~ 0TT 1- #%6C0 €~ TwTo 985°0— J(TI/$ Sop) soud yuowepnuyg £
TT0°0- ¥x920°0— #0000 2000 €000 100°0 8000 €10°0 (%) 19A9] uoneIO[lY
v£0°0— 6200~ 910°0— 110°0— 6£0°0 850°0 20T0 #x4LTE 0 (T 301) uondRNXd Iajempunorn =
690°0— 9900~ 9€5°0 %0890 ¥60°0— 010~ 8200~ 9L0°0— (TIAL So) paumo sjudwapIuy 5
Xp/Ap JUSDYYR0D) Xp/Ap JUSDYJR0D) Xp/Ap JUSDIY0)) Xp/Ap JUSDYJR0)) M
Ommﬂousa uonedoqy 9es uonNedo[y ommﬂousm jusweInuy oJes juawnuyg m
% ((paxenbs) 00001 ueys 1038218 suonendod Yim sanid 03 0UBISIP J[qeLIeA AU} SuIpnour) [OPOJN [ued SI0ogH-wopuey 1oL 1oL  III dqeL g
on (©]



14678489, 2021, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8489.12420 by UNIVERSITY OF MINNESOTA 170 WILSON LIBRARY, Wiley Online Library on [16/04/2024]. See the Terms and Condi y.wiley. t - litions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

s E
o g
"K[2A10adSAI “S[AS] %, PUE %G ‘%01 AU} I8 SOUBDYIUSIS LIIPUL [0°0 > d 44+ PUE S0'0 > dxx 01°0 > d, 110N z

SH9pl 8I°€l 068°11 8S°LI 6L8°1C 1T¥¢ €YO'LI #xbS 6€ wesuo)y £
€601 #4x618'C 9€8°0 +x919°C vi/eroc 8

« 0081 181°0 0S€°1 €ST1 €r/zcioc g

S T8¢ 0LS0—  6£0°T €8C°0— [AVAR VA

= L66°0 16S°1 £€8°0 0€0°0— €861 0L1°0 S6t'1 wxlLL € (So1) s)gouaq JUSWIUIACD &

= $00°0 100°0 $00°0 100°0 0200 0100 L10°0 +0€0°0 swoout ssoutsnq uononpoid Arewtg  E

2 800°0 wxPC0°0— 9000 800°0— 6000 #+CC00—  900°0 L00"0— Xopul VAIAS 3

— L8E0 ¥29°0 ¥ST0 8ST°0 ¥Ts 0 €0 9LT0 #%LSS°0 (301) Aysuop uonendog =

m 100°0 %C000— 0000 1000~ 100°0 1000~ 10070 #4x000°0—  (uny) parenbs 001 sonw oy duwmsiq 2

k= $80°0 ++€0T°0 €700 6%0°0 T01°0 850°0 1L0°0 #+x01T°0 (uny) 0001 son0 03 PoULISI <

z 200°0 #%3500°0— 100°0 #%£00°0— 200°0 #%$00°0— 100°0 100°0— (W) vore weansumop 03 dueIslq £

2 L59°0 €L8°0 LTS0 S9L°0 £69°0 «OPT'T—  8L¥0 wx LTI (Awrunp) Ayrurpes pueldiq 2

5 06£°0 Sadl €1€°0 vC1o v 0 989°0 T0€°0 LY0°0 aMXd) 10§ Z

s €000 100070 2000 %8000~ 800°0 §000— 9000 sx5L 1070~ (1eof/ww) qrejures N

g LT00 #x690°0 0€0°0 S€0°0— 0€0°0 #10°0— LT0°0 #10°0— (%) Suizers poyesi] g

0 w00 €100 620°0 8€0°0— 6£0°0 9000—  #20°0 600°0— (%) samyonJoy pajesuyy  ©

= €80°0 #4xL0E°0 080°0 «Pr1°0 ¥80°0 «8Y1°0 890°0 #%x0S€°0 (%) Surddoio peyesiuy

E $98°0 16€1—  959°0 YT 0~ $L90 #xx18T°T 80 €800 J(TIN/$ Sop) soud uonesoqy

S LIY'T vLEO 7860 #%500°CT— 68%'1 #46CT €~ S9T°1 S6L0— {TIN/$ Soy) eoud juswapnuyg

- 7100 #+8C0°0— 6000 100°0 020°0 L00°0 €100 €100 (%) 19A9] UONEIO[Y

s 960°0 T€00—  6L0°0 €100~ SP1°0 SLOO SIT°0 s [7€°0 (TIN So[) uonoeIXs IEMPUNOID)

m 8920 8100—  +61°0 sexscPOL"0 TEE0 §600— 610 00— ("TIN So[) paumo syuswauyg

[}

MW. SIOJIId SIOJId SIOJIId

W pIepuel§ SJUSIDIYOO))  PIBPUBIS  SIUSIOLJO0))  SIOLID pIepuel§  SJUADIJOO)  plepurl§  SIUAIDIJI0))

aseyoind uoneooy JJes UONBIO[Y aseyoind juswepnuyg J[es judwRIuyg

7 91qeL 10 (SIUSIOLJO0d PuB) SIOLId pIepuelS Al dqeL



14678489, 2021, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/1467-8489.12420 by UNIVERSITY OF MINNESOTA 170 WILSON LIBRARY, Wiley Online Library on [16/04/2024]. See the Terms and C:

it o

y.wiley.

‘Al 91qeL 01 19Ja1 asea[d ‘S1091d [BUISIRW JO S[OAJ] dOUBIYIUSIS 10 :9JON

jueisuo)
8€8°0 L91°T $€9°0 066'1 v1/€10T
€8¢ 6£1°0 LTO'T €560 €1/T10T
790°1 8€v0— 16L°0 S1T0— ci/ioe
$9L°0 €TTl 7£€9°0 €200~ 6v0'1 060°0 8L8°0 8TTT— (801) s1youRq IUDWIUIOAOD
£00°0 $000°0 £00°0 10070 L0100 $00°0 0100 810°0 awoour ssauisng uononpord Arewid
9000 610°0— 5000 900°0— 5000 110°0— 000 £00°0— Xopul VATAS
L6T°0 6LY°0 0T1°0 LLTO 081°0 €91°0 62€°0 (8or) Ansuop uonendog
€61°0 (uyy) parenbs ([ san0 03 dUBISIT
) 8€0°0 901°0 ¥20°0 €200 7€0°0 810°0 920°0 6L0°0 (ury) 0001 senD 01 PUBISI
K 100°0 £00°0— 100°0 2000~ 100°0 €00°0— 100°0 100°0— (wry) Bore weansumop 0} DUEISI
Ny £0S°0 1L9°0 00t°0 7850 99¢°0 €09'0— 182°0 §99°0 (Awrunp) Kyrurpes puelig
= €0 0re0 6£T°0 ¥60°0 SETO £€9€°0 8LT°0 820°0 aI)xa) 10§
2 2000 1000°0 2000 900°0— 000 200°0- 000 010°0— (Teok/uww) rejurer JoN
5 12070 £50°0 £20°0 L2070~ 910°0 L00°0~ 9100 800°0— (%) Suizeid pajedLuy
nHa T€0°0 0100 7200 620°0— 120°0 €00°0— v10°0 $00°0— (%) eamynonioy payesiuy
) £€90°0 9€T°0 190°0 601°0 700 8L0°0 6£0°0 9020 (%) Surddoo pajesiiy
- £99°0 6901~ 6640 0L1°0- 7$€°0 90T’ $8C°0 6%0°0 (TN/$ Sor) eourd uoneosoy
680°T 88C°0 vrL 0 §TST- L8L0 80L1— L89°0 69%°0— J(TIA/$ So) soud Juswapnug
010°0 1200~ £00°0 100°0 110°0 £00°0 8000 L0070 (%) 1249 uONEI0[[Y
vLO0 §20°0— 090°0 0100~ LLOO 0v0°0 L9070 102°0 (TIAL So[) UoN LNXI I19)EMPUNOID)
90T°0 ¥10°0— 910 9€5°0 9LT0 0S0°0— vI10 $T0°0— (T So) paumo sjudwdpnuy

SIOLId $199JJ9 SIOLId $109J9 $109J9 $199JJ9

plepuelS [euldIe]\| pJepuel§  [BUISIBJAl  SIOIIQ pIepUB]S  [BUISIBJAl  SIOIId pIepuR)S  [BUISIBA

aseyoind uoneso[y

des uoneIO[[Y

oseyoind juswopnuyg

o[es JusWaNnUY

348

7 9IqeL 10J (S109h9 [eUISIRW PUR) SIOLID PIBpURIS A d[qBL

15) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

© 2021 Australasian Agricultural and Resource Economics Society Inc.



