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1.1 ABSTRACT

This study develops an alternative method to value agricultural land incorporating market
drivers of agricultural land price variation in Australia. The study develops a site-specific
hedonic land valuation method incorporating changes in soil carbon and nitrogen. Soil carbon
is a highly valuable resource for agricultural production systems. It enhances the soil’s ability
to retain moisture and nutrients, making it a vital component in assessing the impact of
management practices on soil and, therefore, agricultural land productivity and value. Soil
carbon and nitrogen data from selected crop production areas in New South Wales (NSW),
Australia, are used to create a soil productivity variable (SPV) which varies annually based on
management practices and climatic conditions at each study site. The SPV is then integrated
into a hedonic land valuation model that considers annual changes in global agricultural
commodity prices, monetary policy, and inflation to create a periodic land value reflective of
current market factors impacting land value. The land valuation model results presented in this
study for sites across NSW is comparable with the NSW Auditor General land valuation data

for the study sites across the modelling period.

1.2 PLAIN ENGLISH SUMMARY

This study presents a new way to determine the value of agricultural land in Australia.
It considers factors that affect agricultural land prices and focuses on the impact of soil
carbon and nitrogen. Soil carbon is important for agricultural productivity as it helps the soil
retain moisture and nutrients. The study uses soil carbon and nitrogen data from specific
areas in New South Wales, Australia, to create a measure called soil productivity variable
(SPV), which changes annually based on management practices and climate. The SPV is then

used in a model to calculate land value, taking into account changes in global agricultural



commodity prices, monetary policy, and inflation. The results of the land valuation model for

sites across NSW align with the NSW Auditor General land valuation data for the study sites.

1.3 INTRODUCTION

The value of agricultural land is determined by its potential to produce agricultural
products and is influenced by various factors, such as market trends, weather patterns, and
borrowing expenses. Traditional land valuation techniques rely on sales data from comparable
properties in the vicinity to estimate market value (Longhofer & Redfearn, 2022). However,
this approach overlooks site-specific characteristics, including soil carbon loss, land
degradation and other management factors impacting the productive capacity of agricultural
land. An alternative land valuation method is required to account for these site-specific

differences.

The market value of agricultural land is subject to various factors, including site-specific
land characteristics, agricultural commodity prices, projections of future commodity prices,
and capital costs. The revenue generated from land use is affected by commodity prices, and
past prices shape expectations of future commodity prices impacting farmer land use
management decisions and agricultural land market demand. While there is relatively inelastic
global demand for grain commodities, global supply and prices are susceptible to climatic
conditions and changes in key supplier government policies (Wright, 2012), which impacts
agricultural land values(Larder et al., 2018). This study develops a land valuation methodology
for dryland cropping land in NSW, Australia, incorporating agricultural commodity prices, the
cost of financing capital investments, site land quality and factors influencing the market value

of land.



1.4 LITERATURE REVIEW

Dryland crop production is a critical component of the agricultural industry in
Australia (Sadras et al., 2003). NSW produced 22% of Australia’s winter grains in 2022;
however, it experiences significant climate variability, resulting in interannual crop yield
variance (ABARES, 2023; Hughes et al., 2015). Australian soils have low soil carbon and
nutrients, reducing water infiltration, nutrient retention and crop yields. Seasonal changes in
rainfall patterns alter the quantities of nutrients in the soil, which affects crop growth and
yields and, therefore, the quantity of carbon and nutrients stored in the soil and, thus, the

returns and value of agricultural land (Ghaley et al., 2018; Williams, 1989).

Farmer income is primarily derived from the agricultural land assets controlled and
used for agricultural production. The present value of agricultural land is influenced by its
future potential income derived from the land (King & Sinden, 1988). Farmers typically have
long-term land use plans, such as holding land for ongoing income generation, or as part of a
bequest, or to meet a succession-planning objective; this contributes to the thin property
markets in rural Australia (Fairbairn, 2014). In recent years, there has been a trend of farmers
and multinational companies investing in Australian farmland to diversify their investment
portfolios and mitigate climate-related supply risks increasing market demand and land
values (Sippel et al., 2017). However, dryland soils in Australia are generally low in nutrients
and carbon, and the soil quality can vary depending on land management activities which
affects the market value of the land, as pointed out by King and Sinden (1988). Therefore,
variations in soil quality resulting from crop management practices can significantly impact

future returns from the land and its market value.



A common approach to valuing land is empirical analysis using realised yields and
land market data (Tsoodle et al., 2006). Agricultural land with higher soil productivity is
found to have a higher market value (Xu et al., 1993). An alternative is valuing individual site
characteristics, used in hedonic methods or empirical regression analyses of market data to
elicit land values (King & Sinden, 1988; Phipps, 1984). Yet market values may not reflect
site-specific soil characteristics or the effect of climate shocks and management practices on
the land’s productive capacity. Chen et al. (1986) suggested that land value returns can be
characterised as unrealised dividends from land assets; consistent with this, management
actions that improve soil productivity can be considered periodic unrealised dividends that
must be accrued to the asset’s value. To date, there are limited methods of evaluating how
soil quality variation affects the value of agricultural land. Developing a method of valuing
land that can be calibrated to site characteristics is a research area requiring more

consideration.

Dynamic simulation models simulate the long-term effects of changes in site-specific
land value by integrating economic, physical, and regulatory factors over time. Australian
farmers are exposed to several risks impacting land use, including commodity price variation,
management decisions and land valuation. Wang et al. (2019) used simulation modelling to
evaluate the impact of climate change on crops in southeastern Australia. Simulation
modelling has been used to investigate methods for reducing economic risks to farmers by
Bell and Moore (2012); however, it has not been widely used to estimate how alternative land

uses impact soil productive capacity and land value.

Agricultural commodity price movement is found to impact market land values. Eves

(2000) used a regression model of land sales data from 1975-1996 and found that farm prices



in marginal crop production areas of New South Wales are more correlated with commodity
price changes than in less marginal crop production areas, suggesting that dryland crop
production areas are more exposed to market volatility. Allan and Kerr (2013) examined the
drivers of rural land value variance in New Zealand between 1980-2009 and found that
economic conditions and agricultural commodity prices influenced land price variation.
However, temporary shocks, such as climate, drought, and flood events, did not impact land
prices in New Zealand. Other factors impacting land value are the size of the land parcel,
size, prevailing climatic conditions and commodity cross-price elasticities, which have a
small impact on agricultural land value in Australia (Oczkowski & Bandara, 2013).
Evaluating the impact of economic conditions and agricultural commodity price variation on

land value in Australia is an area requiring further attention.

Existing methods of valuing agricultural land rely on empirical data, whereas the
market value of land is influenced by its site-specific productive capacity, prevailing climatic
conditions, and agricultural commodity prices. Therefore, further research is required to
incorporate the wealth of site-specific soil data generated with recent technological advances
and integrate factors influencing market values into land valuation to generate site-specific
land valuation techniques and support informed land management decision-making.
Simulations can be used to explore how new management techniques or land use changes
may impact land use returns and the market value of land, providing a site-specific evaluation

technique.

Crop modelling software is a valuable tool that simulates and predicts crop growth,
development, and yield under different environmental and management conditions. To

generate crop yields, crop modelling software simulates crop production using soil



characteristics, including soil nitrogen and carbon, combined with study site climatic
conditions and land management processes. The Agricultural Production Systems Simulator
(APSIM; (McCown et al., 1996) has been used globally for various economic land use
analyses to investigate different aspects of land and crop management and their impact on
yield and farmer income. For example, Cann et al. (2020) investigated the economic impact
of continuous wheat production in southeastern Australia compared to crop rotation or a
crop-fallowing system with various fertiliser inputs using APSIM. An analysis of methods to
reduce the yield gap in southeastern Australia was explored by van Rees et al. (2014) using
APSIM. Crop software enables the investigation and evaluation of alternative management
practices on soil nutrients and carbon content, which improve soil productivity and the future

productive capacity of the land and, therefore, land value.

This study will add to the literature by developing a land valuation model that
incorporates commodity price variation, changes in soil conditions, and other factors that
impact agricultural dryland crop production market land values in Australia. The model will
be tested using APSIM simulations for selected study sites across NSW and compared to land

valuer data.

1.5 METHOD

The value of agricultural land is influenced by its future productive capacity, agricultural
commodity prices, and prior period crop yields. Crop yields are limited by soil nutrient content
and texture, and prevailing climatic conditions. Farmers use management practices to manage
soil organic material to improve soil cation exchange capacity (CEC), crop yields, and income
(Agegnehu et al., 2016). Using the relationship identified by Agegnehu et al. (2016), this study
develops and evaluates the effectiveness of a soil productivity variable (SPV). The SPV is

incorporated into a hedonic pricing model to enable site-specific land valuation.



1.5.1 Study sites

This study investigates dryland crop production in the Junee, Walgett, and Dubbo
regions of NSW, Australia over the period 1996-2020. These areas are typical of low-rainfall
dryland crop production regions in southeastern Australia (O’Leary et al., 2018). The farm sizes
in these regions range from 378 to 2,000 hectares (DPI, 2018). The study sites are based on
NSW Land Valuers Office sites within each region used for crop production or mixed land use.
Therefore, in this study, the plots of land and are used for modelling are assumed to be

agricultural land previously managed using a crop rotation system.

According to BOM (2023) data, the study sites experience an average annual rainfall of
611-615 mm, which is evenly distributed throughout the year. Due to unsuitable conditions
for productive plant growth in summer, crop fields are usually left fallow during this period,
with crop production occurring between April and November (Hunt & Kirkegaard, 2011). As
illustrated in Table 1, the study sites have low soil organic content, limiting soil water,
nutrients, and organic matter infiltration and retention, which are essential for maximising
crop growth and yield. The data in Table 1 is used to calibrate APSIM software and
undertake crop simulations at each of the study sites to generate changes in soil carbon and

nitrogen which are used to develop the SPV and incorporated into the land value equation.

Table 1: Study Sites' annual rainfall and soil characteristics

Study site  Annual rainfall  Average soil Cation Climate
(mm) carbon content  exchange factor
(%) capacity (CEC)
Dubbo | 615 3.88 16 4.2
Junee | 611 0.56 10.5 4.2
Walgett | 611 0.43 7.6 4.2

Sources: (BOM, 2023; Johnston et al., 2003; McKenzie et al., 2012)

The most prevalent winter crops observed in the study areas include wheat, barley, and

canola, and a leguminous break crop. Following Mendelsohn and Dinar (2003) a fixed



production function was used in APSIM to ensure consistent management procedures and
production inputs throughout the modelling period and across study sites. Planting times,

fertiliser application type, quantity and frequency are presented in Table 2.

Table 2. Study site crop management characteristics

Walgett Dubbo Junee
Canola

Planting time May May May

Fertiliser application time February, May March, at sowing At sowing

(seeding)

Fertiliser type Urea, MAP Nitrogen, DAP DAP

Fertiliser application quantity 80kg/ha, 50 kg/ha 150 kg/ha, 60 kg/ha 150 kg/ha
Wheat

Planting time May May May

Fertiliser application time May May, at sowing May, at sowing

Fertiliser type Urea Urea, MAP Urea, MAP

Fertiliser application quantity 174 kg/ha 100kg/ha, 110kg/ha 100kg/ha, 110kg/ha
Field Pea

Planting time June June June

Fertiliser application time nil at sowing at sowing

Fertiliser type nil MAP MAP

Fertiliser application quantity nil 100kg/ha 100kg/ha
Barley

Planting time Early May to mid ~ Early May to early June Mid May to late June

June

Fertiliser application time At sowing At sowing At sowing

Fertiliser type Urea, MAP Urea, MAP Urea, MAP

Fertiliser application quantity 70 kg/ha, 100 kg/ha 70 kg/ha, 100 kg/ha 70 kg/ha, 100 kg/ha

Sources: (GRDC, 2011, 2018a, 2018b; Matthews et al., 2023; McDonald & O’Leary, 2016; Meppem, 2020; Serafin et al., 2005)

Crop rotation land management involves planting different crops in sequence to

optimise soil health, reduce pests and diseases, and improve yields. Identical crop rotations
were used at all APSIM simulation sites, as detailed in 7able 3. Soil nitrogen and carbon
content for each rotation at every site was recorded and exported from APSIM for integration
into the production function used in economic modelling. The data was used to evaluate how
different crop rotations impact soil health and in the construction of the SPV to vary land

values.



Table 3. Crop rotations simulated in APSIM for 1996-2020 for each study site.
Crop rotations Abbreviation
Wheat, wheat, canola | WWC
Wheat, wheat, field pea | WWFEP
Wheat, barley, canola | WBC
Wheat, canola, field pea, wheat \ WCFPW
Wheat, barley, field pea | WBFP

1.5.2 Soil Productivity Index

The crop production function used in the economic model has fixed capital (k),
variable production inputs (x), crop yield, y;, (1), in each production period is constrained by
the soil productivity (1, )which is a state variable measured at the start of the crop production
period (7). The approach is consistent with Benhin (2008) and Mendelsohn and Dinar (2003),
who use an improved production function to evaluate the impact of climate on agricultural
production. Each production period is one year and incorporates the summer fallow period.

Crop yield increases with soil productivity, which is constrained to be non-negative:

Ve = f(xe, k,ne) (1)

Crop yields vary; consequently, the volume of nutrients extracted from the soil varies.
Calculating a crop production’s soil carbon and nitrogen usage through APSIM simulations
facilitates the evaluation of the impact of management processes on soil and crop
productivity and, therefore, land value. APSIM soil carbon (kg/ha) balances after harvest
each year will be used to measure the impact of climatic conditions, management practices
and soil carbon variation on soil nutrient holding capacity. Olof and Thomas (1997)
developed a mathematical relationship for estimating the quantity of new soil carbon inputs
(NC) (kg/ha) retained in the soil annually. The model by Olof and Thomas (1997) predicts the
effects of climate and fresh organic material (FOM) input variation on soil carbon pools. It
was found that the fraction of carbon (C) remaining after one year can be expressed as

follows:
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dCev1 _  _k
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where £ is the first-order kinetics or rate of decomposition of NC into carbon dioxide and
humus. The decomposition rate, k, depends on the soil carbon type. NC decomposes at a
different rate (k;) than humus (k2). The NC decomposition rate is influenced by soil
temperature and moisture. The NC retention rate depends on the soil profile’s clay volume
(% expressed as a decimal; #) and a dimensionless climate factor (7). Andrén et al. (2007)(p.
380, Table 2) used climatic data records to construct climate factors for various African sites,
including Pointe Noire in the Republic of Congo which has a similar mean temperature and
rainfall to the study sites, with an (7) factor of 4.2. Therefore, climate factor 4.2 will be used

for the study sites. The NC decomposition rate is estimated as follows:

1 e k—p

ky = —3in"— (3)

The average soil carbon decomposition rate (k) is:

k=—In[(1—h)e " + i) 4)

Combining equation 4 into the annual change in soil carbon decomposition equation
(3) and incorporating NC decomposition, the yearly change in soil carbon using Olof and

Thomas (1997) becomes:

2ot — ek 4 (1 — ehiT) ©)
t

Carbon is one quality required for soils to retain nutrients valuable for crop
production. The ability of soils to retain nutrients is measured by the soil’s cation exchange
capacity (CEC). Soil CEC combines soil clay, carbon and nutrient particles and is an
indicator of the overall fertility of the soil (McKenzie, 2004). The soil will hold an equal
quantity of nutrients to the volume of clay and carbon in the soil. Therefore, soil clay and

carbon are critical to maximising soil productivity, crop growth, and yields (Unkovich et al.,

11



2020). Droge and Goss (2013) use soil CEC from standardised European Union soils in their
laboratory analysis to fit a model that estimates the nutrient holding capacity of the soil (z;)
using soil carbon (C) and clay (%), content. Droge and Goss (2013) use a fixed conversion

rate of 3.4 for CEC nutrients in the NC together with the ratio of carbon in the organic

Ces

- ) and the fresh organic material added to the soil to calculate

material in the soil (cct =

soil nutrient holding capacity:

T, = h(CEC — 3.4 - cc;) + (cc; - FOM) (6)

The soil nutrient holding capacity fluctuates depending on the quantity of soil carbon,
crop production intensity, soil temperature, moisture and nutrient content (Keating et al.,
2003). In this study the soil nutrient holding capacity for the study sites will use the average
topsoil CEC taken from the Australian Soil Resource Information System database
(McKenzie, 2004), together with the aggregated soil carbon (BIOM,) and NC measurements
taken from APSIM modelling after harvest has occurred in each production period.
Therefore, the level of soil carbon and nutrients will vary in each production period
depending on climate conditions and crop production management decisions, impacting the

future land productive capacity and market value.

The soil nutrient holding capacity (equation 6) determines soil productivity
influencing market value at a site. Soil nitrogen represents the broader body of soil nutrients
necessary for crop growth. In this model, the soil nitrogen balance (kg/ha) at the end of each
production period will be taken from APSIM modelling results at the end of each annual

production period and converted into a ratio of nitrogen in the topsoil, consistent with the

! Droge and Goss (2013) use a parameter for a single natural or fresh organic material that has not yet
decomposed into soil carbon, such as peat, to calculate individual nutrient retention in the soil. For simplicity in
this study, it is assumed that all fresh organic material is identical crop reisdue and adsorbs nutrients in the same
manner.

12



approach taken for soil carbon content in equation 6. The net change can be positive or
negative, influencing future land productivity; soil nitrogen fluctuates, decreasing with
denitrification, immobilisation, and leaching while increasing with mineralisation and the

addition of nitrogenous fertilisers.

Soil nitrogen comprises organic and inorganic materials that are converted into plant-
accessible nitrogen through mineralisation. The soil organic nitrogen mineralisation rate,
developed by Stanford and Smith (1972), estimates the change in the soil that can be
mineralised and has been widely applied to various topics, e.g. Mulvaney et al. (2009), Mary
et al. (1996), and Binkley and Hart (1989). Stanford and Smith (1972) estimated soil
mineralisation potential using a fixed soil mineralisation rate (z;) based on the change in soil

nitrogen balance (¢,) between periods:
ei1 = Pe(1 —e™) (7

The soil mineralisation rate (z,) was set at 0.110 using the soil organic matter
mineralisation rates calculated by De Neve and Hofman (2000)(p. 546, Table 1). Combining
the soil nitrogen content (equation 7) with the soil carbon calculations in equations (2—6), the

soil productivity variable (SPV) for a period (7;), can be calculated as:
Ne=G(t, ) =1— e Tt 8

The SPV reflects changes in soil carbon and soil nutrient holding capacity, enabling
farmers to assess the impact of management actions and climate shocks on land value. By
increasing soil productivity, farmers can increase future potential yields and land use returns.
The rate of return on financial assets is typically quantified by determining the change in
value from the current to the previous periods. By applying this concept to soil productivity,

farmers can quantify the impact of their land management practices on land value. A soil

13



productivity index (SPI) is developed using the net change in the SPV from one period to the

subsequent period where:

6n,t+1 = (%) 9)

The SPI(8,+41) can be used with nominal interest rates to evaluate the crop production

intensity, management practices, and prevailing climatic conditions on future returns from land
use, and land value. However, the land value adjusted using the SPI does not capture market
price variations, which include changing tastes and preferences, farmer expansion with

favourable international commodity prices, or climatic conditions and other exogenous factors.

1.5.3 Land valuation model

To capture changes in market demand resulting from variable climatic conditions, the
Australian Bureau of Agricultural and Resource Economics and Sciences’ (ABARES) winter
dryland crop production area for the whole of Australia (’000s ha) and the total volume of key
grains produced across Australia in kilo tons (kt) are used to create a winter crop productivity
index (WCPI) (10). As discussed previously, grain production in Australia is winter-dominant,
therefore summer crop production is not considered in this analysis. Let q, be a vector of winter
grains produced in k¢ across Australia restricted to key grains exported, where there are i=
[1,...., N] crops. Let a, be the area of agricultural land in (‘000s) of ha in period ¢ used for

winter grain production across Australia.

Niqi.
WCPI, = Z - (10)
i \Qit
The WCPI is an instrument where favourable conditions increase returns per hectare,
and the WCPI, with less favourable conditions such as drought, reduces the WCPI. Another

factor influencing farmer profitability and market demand for agricultural land is the global

crop commodity prices realised in the past two years. Changes in global crop commodity prices

14



impact farmer income derived from exports. Australian farmers are exposed to global
agricultural commodity price variations (FAO, 2023). Let B be a vector containing global
nominal prices in a given year in AUD for Australia’s agricultural export commodities of
interest, in this case, barley, canola, and wheat. The ratio of a price change for a crop (i) in #-1
compared to #-2 is combined with the crop output in t-1 and the national output for key grains

in the produced previous period to obtain a commodity price output variable (z, ;) (eqn 11).

3it—1—ﬁit—2> ( Git—1 )
Zi, = | —/——— | X | ==—— (11)
bt ( Bit—2 Z{V qit-1

The sum of individual crop price output quantity variables (z; ;) is used to estimate how
global commodity fluctuations impact agricultural land value in period ¢ (h;;) (eqn 12).
Changes in prior period WCPI, global commodity prices, and prior period Australian crop
output, all impact farmer income in the current period and therefore market demand for
agricultural land. Let A; be the annual change in land value arising from the prior period's

global agricultural commodity price variation and changes in WCPI.

N
he= )z (12)
l

_ (WCPIt - WCPIt_l)
£ WCPI,_, -1

(13)

Land value is impacted by financial market activity in conjunction with other market
forces, and demand for agricultural land increases when capital costs are reduced. To account
for the impact of financial market fluctuations, let s; be a cost of capital variable in period ¢.
The cost of capital variable uses the variance between the annual Reserve Bank of Australia

(RBA) cash rate (c;) for period ¢ and the average cash rate for the entire modelling period (¢).

St =C — Ct (14)
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The impact of changes in monetary policy uses the average RBA cash rate and the cost
of capital variable to develop a cash rate impact in equation 15 (v;). The periodic change in
inflation () (equation 16), uses the Australian Bureau of Statistics (ABS) average annual

inflation rate for the period (i;).

c _
ve=1-— {(s_) + expc} (15)
t
Iy — Ip_
rp=-—" (16)
lg—1

The nominal value of a 1-hectare plot of land in 1996 was taken from the New South
Wales Valuer General’s Long Term Land Values (2023) for Junee, Dubbo, and Walgett, which
are the crop production areas in NSW being investigated. Using equations 8—16, the change in
land value is incorporated into an economic model to calculate the price of land (p,.) at the
end of a given period (¢) based on the work of Tack et al. (2015). Hence, the value of a 1 ha

plot of cropped land at the beginning of the following period is:

1 )
PrLt+1 = DLt (( :Vt) + A+ i +St> (17)

‘
The study assumes that the land is held for the entire modelling period and does not
consider alternative crop rotations, land uses, management methods, government policy
changes, and production input quantities. Land value is impacted by various factors,
including the cash rate, global commaodity prices and site-specific soil characteristics. An
increase in soil productivity improves soil quality, which is valuable in a competitive market
for farmland. However, soil productivity can also decline depending on the production
management practices or climate shocks experienced during the production period. Similarly,
management practices that maintain or improve the quality of the land increases crop yields

in subsequent production periods, thereby increasing the value of the land.
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1.6 RESULTS

For 1996-2020, the alternative crop rotations presented in 7able 3 at each study site
were simulated in APSIM. Annual soil carbon, nitrogen, changes were generated in APSIM
and used to develop the SPV. The average changes across for these variables across rotations
at each site are presented in 7able 4. Initial soil carbon influences CEC content, soil nitrogen,
carbon, and therefore soil productivity variation across study sites. Walgett and Junee
simulations generated the largest losses in soil productivity, however had lower initial soil
carbon, while Dubbo had the highest initial soil carbon content and generated the smallest
productivity losses, confirming the link between soil carbon, nutrient holding capacity, and

CEC identified by Droge and Goss (2013).

Table 4. Simulated average changes in soil carbon, nitrogen and productivity at Junee,
Dubbo and Walgett 1996-2020

Study site Soil clay  Soil CEC Average Average Average change
content change in change in in soil
(%) soil nitrogen soil carbon  productivity (%)

(o) (%)
Dubbo ‘ 3.88 16.0 -7.99 -9.66 -6.47
Junee ‘ 0.56 10.5 -12.52 -12.85 -9.09
Walgett 0.43 7.6 -11.31 -11.37 -8.02

Source: Malone and Searle (2022); McKenzie (2004); Mullen et al. (2006); Young et al. (2014)

The impact of crop production on soil productivity varies depending on climatic
conditions and site characteristics. The SPV variable increased the SPI by up to 0.48% in
2004 in Walgett, which received the average annual rainfall with a rotation of, wheat, canola,
field peas and wheat. The same rotation at Walgett decreased the SPI by 1.34% in 2019, with
below average rainfall. This suggests that the volume of precipitation a site receives is linked
to SPV and therefore impacts the future productive capacity of the land. Climatic and site soil

characteristics have a larger impact on SPV variation than the crop rotation sequence, as the
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data in Table 4 illustrates, suggesting that land use is a significant driver of land productivity

and market value.

Across the study sites different crop rotations increase the SPV, as illustrated in Figure
1. At Walgett the WBC rotation has the lowest variation in SPI, whilst at Dubbo and Junee the
WCFPW rotation generates the lowest variation in SPI. The largest variance in SPI at Walgett
is generated with WWFP rotations, whilst at Dubbo and Junee both sites generate the largest
variance in SPI with WWC. At Walgett the largest average increase in SPI (0.13%) was in
2017, which experienced average annual rainfall, whilst at Dubbo (0.33%) and Junee (0.50%)
the largest increase in SPI occurred in 2002. The largest decrease in SPI (-1.09%) occurred in
Walgett in 2019, at Dubbo in 2006 with a loss of 0.79% and at Junee in 2001 with a loss of

1.13% negatively impacting land value.
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Figure 1. Change in soil productivity 19962020 for Junee, Walgett and Dubbo with alternative crop rotation simulations.
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Another driver of agricultural land market activity is global grain commodity prices.
Increases in grain commodity prices are consistent with increased land use revenue illustrated
in Figure 2 (Carberry et al., 2011), with the commodity price index developed in this study
generating results consistent with the NSWVG values (see Figure 3). Wheat and barley
experienced minor price variations between 1996 and 2020, except for 2007-2008, when poor
yields were experienced in Australia, Europe, and Canada (Piesse & Thirtle, 2009; WorldBank,
2020). However, canola prices exhibited stronger variation driven by European Union
legislation and the use of canola in biofuels (Yahya et al., 2022). A poor canola harvest in
Australia, Canada, and Europe in 2007 led to a spike in canola prices, while wheat and barley
were comparatively less affected (Piesse & Thirtle, 2009). Global canola price variation has
the largest impact on land values, increasing returns from dryland canola production and,
therefore, the land values for the study sites.

Figure 2. Monetary policy and commodity price contribution to Australian agricultural land
value changes 1996-2020
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Dominating commodity price fluctuations and climatic conditions is the cost of capital,

which significantly affects the return generated from land use. Many agricultural landholders
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use their land as collateral to finance their farming businesses and additional land acquisition.
The cost of capital was impacted by strong export demand increasing the cash and inflation
rates leading up to the Global Financial Crisis (GFC), which resulted in an increase in the cash
rate as illustrated in Figure 2 and had a minor positive effect on land valuation across the study
sites. Following the GFC, inflation and cash rates remained somewhat volatile; however, they
had an overall downward trend for the remainder of the period. There is no clear trend or
linkage between commodity price variation combined with the WCPI and the inflation or cash
rate. However, the overall effect results in price variation at study sites that is broadly
consistent with the NSW Auditor General’s Annual Land Valuation (VGO, 2023) presented in

Figure 3.

Figure 3. Junee, Walgett and Dubbo study site land value variation (1996-2020)
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Sources: (ABARES, 2020; ABS, 2023; DAFF, 2024; RBA, 2021; VGO, 1993, 2023; WorldBank, 2020)

The results of simulation and modelling for the study sites across NSW as presented in

Figure 3 and Appendix A show that the average variation between the NSWVG and the
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simulated land value is comparable across study sites in 1996, with simulations generating
land values between 7.1 — 8.2% higher across study sites. In 2020, there is a larger difference
in land values, with Walgett simulations returning a land value 4% lower than the NSWVG.
However, Dubbo simulations were 14.5% higher and Dubbo 16.5% higher than the NSWVG.
Across all years and simulations, the variation in land value is driven by changes in the cash
and inflation rates, increasing land values by 8.3% in 1996 and 6.1% in 2020. The largest
variance for all study sites was experienced across the millennial drought period, with the
RBA cash rate decline in 2001 — 2003 increasing land value in simulations that was not
reflected in the NSWVG price. Commodity prices and the WCPI have a smaller impact,
reducing land value by 0.5% in 1996 and increasing land values by 0.4% in 2020. Other
rotations in Dubbo saw losses in both 1996 and 2020 of between 0.071 and 0.262%.
Simulations generate land value changes that are comparable over the long run; however,

they may generate short-term price differences when compared with the NSWVG valuation.

The annual changes in land value for a rural production landholding of average size were
based on the NSW Valuer General’s land valuation database.? The findings show that the
method developed in this paper is consistent with the market value (VGO, 2023). However,
there were discrepancies in the modelled land values for some study sites in 2003 and 2015 (as
shown in Figure 3). The modelled values were 30-70% above the NSW VGO valuations in
2015. Nonetheless, the modelled values converged with the NSW VGO values for all study
sites in 2018 before diverging in 2020, with the modelled values being above the NSW VGO
values for Junee and Walgett and below for Dubbo (Figure 3). Overall, the modelled land

values are generally consistent with the nominal land values from the NSW VGO for the study

2 Dubbo’s average farm size is 233 ha with the study using the Newell Hwy, Eumungerie site, Junee’s average
farm size is 338 ha using the Eurongilly Rd, Eurongilly site, and Walgett has an average farm size of 1,751 ha
and uses the Gingie Rd, Walgett site taken from the NSW VGO (2023) database.
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sites. However some impacts not fully captured and have a lagged effect on NSW VGO
valuations. The modelling approach developed in this study can be used as an agricultural

hedonic valuation approach as an alternative to empirical evaluation techniques.

1.7 DISCUSSION

Agricultural land is the most significant asset a farmer controls. Therefore, evaluating
the impact of soil productive capacity changes on land value can support strategic land use
planning. The volume of soil carbon in conjunction with CEC and clay influences the volume
of soil nutrients stored within the soil, consistent with Dalal and Chan (2001), who identified
a link between the loss of soil carbon and reduced quantities of accessible soil nutrients for
crop production. The decline in soil carbon reduces the soil’s CEC, reducing soil fertility.
The net change in SPV from one production period to the next provides a mechanism for

farmers to evaluate the effect of their management decisions on land quality.

The SPV links previous biophysical research identifying the importance of
maintaining soil carbon to retain soil nutrients and maximise crop yields (Aguilera et al.,
2013; Turmel et al., 2015). The SPV is concordant with results in biophysical studies that
measure the impact of soil nitrogen or carbon losses on soil productivity (Dai et al., 1993;
Lassaletta, 2014). When applied to land value using the SPI it provides a realistic estimation
of the impact of land management practices on soil productivity and the value of the land,
consistent with Gretton and Salma (1996). Biophysical studies investigating the impact of
changed soil structure (e.g. Oldfield et al. (2019)), and the loss of soil carbon or nutrients
(e.g. Hunt et al. (2019)) do not consider the economic impact of changes to the future

productive capacity of the soil. The SPI is a flexible valuation method for calculating the
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impact of soil productivity variation, representing a new site-specific approach to valuing

agricultural land.

The SPV explains why higher soil nitrogen through increased fertiliser application is
insufficient to increase soil productivity. The exponential relationship between soil and soil
carbon becomes most evident when soil productivity losses or gains increase. Empirical
analysis uses historical land values capturing the land quality and market conditions when the
land was sold and may not reflect current market or site conditions (Ervin & Mill, 1985; Pope
& Goodwin, 1984). The SPI provides good explanatory insight into changes in the soil's
productive capacity and is an alternative to traditional ex-post empirical land price data

analysis.

Previous land value economic analysis has been dominated by empirical analysis using
a range of instrumental variables. Previously, hedonic modelling approaches have focused on
the impact of a single variable on land values, including government policy, soil erosion rates,
and soil carbon content (Berazneva et al., 2019; Burt, 1981; Pope & Goodwin, 1984) however,
they have not fully explained the impact of land management practices on future land use and
market value. Using the SPI to vary land value at Walgett, Junee and Dubbo generated
variations in land value consistent with the NSW Government’s land valuation (VGO, 2023).
Consistent with the stock market theory of Chen et al. (1986), changes in soil productivity
represent unrealised returns to land assets that must be allocated to the asset. Incorporating
biophysical changes in the productive capacity of land into an economic land value analysis
represents a new approach using the wealth of soil data available to farmers and enabling an

evaluation of alternative management processes.
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Agricultural land values are affected by commodity prices, ceteris paribus and with the
expectation of higher future agricultural commodity prices, farmers are willing to increase the
price paid for agricultural land (Penson Jr, 2008). A dynamic economic model by LaFrance
(1992) found that increased commodity prices increased cultivation rates and accelerated land
degradation; however, the study did not consider the impact of commodity prices on land value.
Interest rates are used by Stinn and Dufty (2012) to determine their contribution as part of an
empirical analysis of agricultural land valuations in lowa, USA. Typically, land value analysis
has used fixed discount rates (e.g., Borchers et al. (2014)) while focusing on other factors
impacting land value. This paper has sought to address a knowledge gap regarding the use of
stochastic discount rates and commodity prices within agricultural land value modelling in

Australia.

An empirical analysis of US agricultural land values by Gardner (2002) found that
government agricultural price subsidies positively impacted US commodity prices and land
values. Using agricultural commodity price fluctuations to vary agricultural market land
values has had less attention. Employing previous land areas planted and cereal crop yields
as a proxy for farmer land use income variation is consistent with Jouf and Lawson (2022),
who use regression analysis and find a relationship between farmer revenue and agricultural
land values in the United States. The results in this study suggest that there is an inverse
relationship between agricultural commodity prices and the costs of borrowing in Australia.
The land valuation method presented in this paper incorporates some of the key factors
influencing changes in agricultural land value in Australia that have not been previously

considered, contributing to the research literature.
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1.8 CONCLUSION

Estimating the effect of management processes on the future productive capacity of the
soil provides a method to determine land asset value. Agricultural land markets are traditionally
thin, with land value influenced by site-specific characteristics. Using historical sales data in
empirical analysis for properties in the region incorporates market factors and site-specific
characteristics that may not accurately reflect the carrying value of the evaluated land asset.
The change in the soil productivity applied to land provides a site-specific method to evaluate
the effect of management practices on land value. The results demonstrate that the SPV is
concordant with results in biophysical studies measuring the impact of soil nitrogen or carbon

losses on soil productivity (Dai et al., 1993; Lassaletta, 2014).

The land valuation method developed in this study is a new approach to estimate the
variation in the market price of agricultural land. It captures the impact of management
processes on asset value, providing an alternative to empirical regression analysis. Combining
the SPI with the areas under dryland grain production and the volume of grains produced in the
previous season, captures the impact of climatic variation on farmer and investor investment
preferences. The hedonic pricing model developed in this paper, incorporating commodity
prices, cash, and inflation rate variations, captures key factors impacting agricultural land
values in Australia. This paper fills an important research gap, providing an alternative to
previous economic approaches that are reliant on historical data. A crucial future area of
research is to determine if the SPI can be applied to field data and to apply the land valuation

model to a wider range of crops and soil types across Australia and internationally.

26



1.9 REFERENCES

ABARES. (2020). Broadacre crop production. Department of Water, Agriculture and the
Environment. https://www.agriculture.gov.au/abares/data#agsurf--data-on-
agricultural-industries

ABARES. (2023). Australian crop report overview. Retrieved 31/05/2023 from
https://www.agriculture.gov.au/abares/research-topics/agricultural-outlook/australian-
crop-report/overview

ABS. (2023). Tables 1 and 2. CPI: All Groups, Index Numbers and Percentage Changes.
https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/consumer-
price-index-australia/dec-quarter-2023

Agegnehu, G., Nelson, P. N., & Bird, M. 1. (2016). Crop yield, plant nutrient uptake and soil
physicochemical properties under organic soil amendments and nitrogen fertilization
on Nitisols. Soil and Tillage Research, 160, 1-13.
https://doi.org/https://doi.org/10.1016/].still.2016.02.003

Aguilera, E., Lassaletta, L., Gattinger, A., & Gimeno, B. S. (2013). Managing soil carbon for
climate change mitigation and adaptation in Mediterranean cropping systems: A meta-
analysis. Agriculture, ecosystems & environment, 168, 25-36.

Allan, C., & Kerr, S. (2013). Examining patterns in and drivers of rural land values.

Andrén, O., Kihara, J., Bationo, A., Vanlauwe, B., & Kaitterer, T. (2007). Soil climate and
decomposer activity in sub-Saharan Africa estimated from standard weather station
data: A simple climate index for soil carbon balance calculations. AMBIO: A Journal of
the Human Environment, 36(5), 379-386.

Bell, L. W,, & Moore, A. D. (2012). Integrated crop-livestock systems in Australian
agriculture: Trends, drivers and implications. Agricultural Systems, 111, 1-12.
https://doi.org/https://doi.org/10.1016/j.agsy.2012.04.003

Benhin, J. K. (2008). South African crop farming and climate change: An economic assessment
of impacts. Global Environmental Change, 18(4), 666-678.

Berazneva, J., Conrad, J. M., Giiereia, D. T., Lehmann, J., & Woolf, D. (2019). Agricultural
Productivity and Soil Carbon Dynamics: A Bioeconomic Model. American journal of
agricultural economics. https://doi.org/10.1093/ajae/aaz014

Binkley, D., & Hart, S. C. (1989). The components of nitrogen availability assessments in forest
soils. Advances in Soil Science: Volume 10, 57-112.

BOM. (2023). Climate data online. Retrieved 28/02/2023 from
http://www.bom.gov.au/climate/data/

Borchers, A., Ifft, J., & Kuethe, T. (2014). Linking the Price of Agricultural Land to Use Values
and Amenities. American journal of agricultural economics, 96(5), 1307-1320.
https://doi.org/10.1093/ajae/aau041

Burt, O. R. (1981). Farm Level Economics of Soil Conservation in the Palouse Area of the
Northwest. American journal of agricultural economics, 63(1), 83-92.
https://doi.org/10.2307/1239814

Cann, D. J., Hunt, J. R., & Malcolm, B. (2020). Long fallows can maintain whole-farm profit
and reduce risk in semi-arid south-eastern Australia. Agricultural Systems, 178, 102721.
https://doi.org/10.1016/j.agsy.2019.102721

Carberry, P., Bruce, S., Walcott, J., & Keating, B. (2011). Innovation and productivity in
dryland agriculture: a return-risk analysis for Australia. The Journal of agricultural
science, 149(S1), 77-89.

Chen, N.-F., Roll, R., & Ross, S. A. (1986). Economic forces and the stock market. Journal of
business, 383-403.

27


https://www.agriculture.gov.au/abares/data#agsurf--data-on-agricultural-industries
https://www.agriculture.gov.au/abares/data#agsurf--data-on-agricultural-industries
https://www.agriculture.gov.au/abares/research-topics/agricultural-outlook/australian-crop-report/overview
https://www.agriculture.gov.au/abares/research-topics/agricultural-outlook/australian-crop-report/overview
https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/consumer-price-index-australia/dec-quarter-2023
https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/consumer-price-index-australia/dec-quarter-2023
https://doi.org/https:/doi.org/10.1016/j.still.2016.02.003
https://doi.org/https:/doi.org/10.1016/j.agsy.2012.04.003
https://doi.org/10.1093/ajae/aaz014
http://www.bom.gov.au/climate/data/
https://doi.org/10.1093/ajae/aau041
https://doi.org/10.2307/1239814
https://doi.org/10.1016/j.agsy.2019.102721

DAFF. (2024). Snapshot of Australian Agriculture.
https://www.agriculture.gov.au/abares/products/insights/snapshot-of-australian-
agriculture#around-72-of-agricultural-production-is-exported

Dai, Q., Fletcher, J. J., & Lee, J. G. (1993). Incorporating stochastic variables in crop response
models: implications for fertilization decisions. American journal of agricultural
economics, 75(2), 377-386. https://doi.org/10.2307/1242922

Dalal, R. C., & Chan, K. Y. (2001). Soil organic matter in rainfed cropping systems of the
Australian cereal belt. Australian journal of soil research, 39(3), 435-464.
https://doi.org/10.1071/SR99042

De Neve, S., & Hofman, G. (2000). Influence of soil compaction on carbon and nitrogen
mineralization of soil organic matter and crop residues. Biology and fertility of soils,

30, 544-549.
DPI, N. (2018). Riverina Murray Region — Agricultural Profile (Important Agricultural Land
Mapping, Issue.

https://www.dpi.nsw.gov.au/__data/assets/pdf file/0009/843363/Draft-ial-mapping-
riverina-murray-agricultural-profile.pdf

Droge, S., & Goss, K.-U. (2013). Development and Evaluation of a New Sorption Model for
Organic Cations in Soil: Contributions from Organic Matter and Clay Minerals.
Environmental Science & Technology, 47(24), 14233.
https://doi.org/10.1021/es4031886

Ervin, D. E., & Mill, J. W. (1985). Agricultural Land Markets and Soil Erosion: Policy
Relevance and Conceptual Issues. American journal of agricultural economics, 67(5),
938-942. https://doi.org/10.2307/1241350

Eves, C. (2000). The Effect of Economic Factors on Rural Land Values. Pacific Rim Property
Research Journal, 6(2), 12-30. https://doi.org/10.1080/14445921.2000.11104087

Fairbairn, M. (2014). ‘Like gold with yield’: evolving intersections between farmland and
finance. The Journal of  peasant studies, 41(5), 777-795.
https://doi.org/10.1080/03066150.2013.873977

FAO. (2023). Trade of Agricultural Commodities 2005 - 2022 (FAOSTAT Analytical Brief 80,
Issue. https://www.fao.org/3/cc9206en/cc9206en.pdf

Gardner, B. L. (2002). US commodity policies and land prices. Department of Agricultural and
Resource  Economics, The  University of Maryland,  College  Park.
https://www.everycrsreport.com/files/20080506_R1.34474 0d997edabdffadbb8c22eb
607a8cd6169d361762.pdf

Ghaley, B. B., Wosten, H., Olesen, J. E., Schelde, K., Baby, S., Karki, Y. K., Bergesen, C. D.,
Smith, P., Yeluripati, J., Ferrise, R., Bindi, M., Kuikman, P., Lesschen, J. P., & Porter,
J. R. (2018). Simulation of soil organic carbon effects on long-term winter wheat
(Triticum aestivum) production under varying fertilizer inputs. Frontiers in plant
science, 9, 1158. https://doi.org/10.3389/fpls.2018.01158

GRDC. (2011). Crop Placement and Row Spacing Fact Sheet. Retrieved 24/02/2024 from
https://grdc.com.au/__data/assets/pdf file/0015/210264/crop-placement-and-row-
spacing-southern-fact-sheet.pdf.pdf

GRDC. (2018a). Field Pea, Section 4, Planting (GRDC Grownotes, Issue. GRDC.
https://grdc.com.au/__data/assets/pdf file/0018/366210/GrowNote-Peas-South-4-
Planting.pdf

GRDC. (2018b). Grow Notes Section 5, Plant Growth and Physiology. Southern Section.
https://grdc.com.au/__data/assets/pdf file/0019/366211/GrowNote-Peas-South-5-
Plant-Growth-Physiology.pdf

Gretton, P., & Salma, U. (1996). Land degradation and the Australian agricultural industry.
Industry Commission Canberra.

28


https://www.agriculture.gov.au/abares/products/insights/snapshot-of-australian-agriculture#around-72-of-agricultural-production-is-exported
https://www.agriculture.gov.au/abares/products/insights/snapshot-of-australian-agriculture#around-72-of-agricultural-production-is-exported
https://doi.org/10.2307/1242922
https://doi.org/10.1071/SR99042
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/843363/Draft-ial-mapping-riverina-murray-agricultural-profile.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/843363/Draft-ial-mapping-riverina-murray-agricultural-profile.pdf
https://doi.org/10.1021/es4031886
https://doi.org/10.2307/1241350
https://doi.org/10.1080/14445921.2000.11104087
https://doi.org/10.1080/03066150.2013.873977
https://www.fao.org/3/cc9206en/cc9206en.pdf
https://doi.org/10.3389/fpls.2018.01158
https://grdc.com.au/__data/assets/pdf_file/0015/210264/crop-placement-and-row-spacing-southern-fact-sheet.pdf.pdf
https://grdc.com.au/__data/assets/pdf_file/0015/210264/crop-placement-and-row-spacing-southern-fact-sheet.pdf.pdf
https://grdc.com.au/__data/assets/pdf_file/0018/366210/GrowNote-Peas-South-4-Planting.pdf
https://grdc.com.au/__data/assets/pdf_file/0018/366210/GrowNote-Peas-South-4-Planting.pdf
https://grdc.com.au/__data/assets/pdf_file/0019/366211/GrowNote-Peas-South-5-Plant-Growth-Physiology.pdf
https://grdc.com.au/__data/assets/pdf_file/0019/366211/GrowNote-Peas-South-5-Plant-Growth-Physiology.pdf

Hughes, L., Steffen, W., Rice, M., & Pearce, A. (2015). Feeding a hungry nation: Climate
change, food and farming in Australia.

Hunt, J., & Kirkegaard, J. (2011). Re-evaluating the contribution of summer fallow rain to
wheat yield in southern Australia. Crop and Pasture Science, 62(11), 915-929.

Hunt, J. R., Lilley, J. M., Trevaskis, B., Flohr, B. M., Peake, A., Fletcher, A., Zwart, A. B.,
Gobbett, D., & Kirkegaard, J. A. (2019). Early sowing systems can boost Australian
wheat yields despite recent climate change. Nature Climate Change, 9(3), 244-247.

Johnston, R. M., Barry, S. J., Imhoff, M., Maschmedt, D., Howe, D., Grose, C., Schoknecht,
N., Powell, B., Grundy, M., Bleys, E., Bui, E. N., Moran, C. J., Simon, D. A. P., Carlile,
P., McKenzie, N. J., Henderson, B. L., & Chapman, G. (2003). ASRIS: the database.
Australian journal of soil research, 41(6), 1021-1036. https://doi.org/10.1071/SR02033

Jouf, C., & Lawson, L. A. (2022). European farmers’ responses to higher commodity prices:
Cropland expansion or forestlands preservation? Ecological Economics, 191, 107243.
https://doi.org/10.1016/j.ecolecon.2021.107243

Keating, B. A., Carberry, P. S., Hammer, G. L., Probert, M. E., Robertson, M. J., Holzworth,
D., Huth, N. L., Hargreaves, J. N. G., Meinke, H., Hochman, Z., McLean, G., Verburg,
K., Snow, V., Dimes, J. P, Silburn, M., Wang, E., Brown, S., Bristow, K. L., Asseng,
S., ... Smith, C. J. (2003). An overview of APSIM, a model designed for farming
systems simulation. European Journal of Agronomy, 18(3), 267-288.
https://doi.org/10.1016/S1161-0301(02)00108-9

King, D. A., & Sinden, J. (1988). Influence of soil conservation on farm land values. Land
Economics, 64(3), 242-255.

LaFrance, J. T. (1992). Do increased commodity prices lead to more or less soil degradation?
Australian Journal of Agricultural Economics, 36(1), 57-82.

Larder, N., Sippel, S. R., & Argent, N. (2018). The redefined role of finance in Australian
agriculture. Australian geographer, 49(3), 397-418.
https://doi.org/10.1080/00049182.2017.1388555

Lassaletta, L. (2014). 50 year trends in nitrogen use efficiency of world cropping systems: the
relationship between yield and nitrogen input to cropland. Environmental Resource
Letters, 9. https://doi.org/doi: "10.1088/1748-9326/9/10/1050011

Longhofer, S. D., & Redfearn, C. L. (2022). Estimating land values using residential sales data.
Journal of Housing Economics, 58, 101869. https://doi.org/10.1016/j.jhe.2022.101869

Malone, B., & Searle, R. (2022). Soil and Landscape Grid National Soil Attribute Maps - Clay
(3" resolution) - Release 2. v4. https://data.csiro.au/collection/csiro:55684

Mary, B., Recous, S., Darwis, D., & Robin, D. (1996). Interactions between decomposition of
plant residues and nitrogen cycling in soil. Plant and soil, 181, 71-82.

Matthews, P., McCaffery, D., & Jenkins, L. (2023). Winter Crop Sowing Guide 2023.
https://www.dpi.nsw.gov.au/__data/assets/pdf file/0004/1454188/Winter-crop-
variety-sowing-guide-2023.pdf

McCown, R. L., Hammer, G. L., Hargreaves, J. N. G., Holzworth, D. P., & Freebairn, D. M.
(1996). APSIM: a novel software system for model development, model testing and
simulation in agricultural systems research. Agricultural Systems, 50(3), 255-271.
https://doi.org/10.1016/0308-521X(94)00055-V

McDonald, G., & O’Leary, R. (2016). Drought tolerance of wheat varieties (GRDC Update
Papers, Issue. https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-
content/grdc-update-papers/2016/02/drought-tolerance-fo-wheat-varieties

McKenzie, N. (2004). Australian Soils and Landscapes An Illustrated Compendium.
Melbourne : CSIRO Publishing.

29


https://doi.org/10.1071/SR02033
https://doi.org/10.1016/j.ecolecon.2021.107243
https://doi.org/10.1016/S1161-0301(02)00108-9
https://doi.org/10.1080/00049182.2017.1388555
https://doi.org/doi
https://doi.org/10.1016/j.jhe.2022.101869
https://data.csiro.au/collection/csiro:55684
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/1454188/Winter-crop-variety-sowing-guide-2023.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/1454188/Winter-crop-variety-sowing-guide-2023.pdf
https://doi.org/10.1016/0308-521X(94)00055-V
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/drought-tolerance-fo-wheat-varieties
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/drought-tolerance-fo-wheat-varieties

McKenzie, N., Jacquier, D., Maschmedt, D., Griffin, E., & Brough, D. (2012). The Australian
soil resource information system (ASRIS) technical specifications. Revised Version,
1(6).

Mendelsohn, R., & Dinar, A. (2003). Climate, Water, and Agriculture. Land Economics, 79(3),
328-341. https://EconPapers.repec.org/RePEc:uwp:landec:v:79:y:2003:1:3:p:328-341

Meppem, G. (2020). GRDC Grains Research Update (GRDC Grains Research Update, Issue.

Mullen, C. L., Scott, B. J., Evans, C. M., & Conyers, M. K. (2006). Effect of soil acidity and
liming on lucerne and following crops in central-western New South Wales. Australian
journal of experimental agriculture, 46(10), 1291-1300.
https://doi.org/10.1071/EA04042

Mulvaney, R., Khan, S., & Ellsworth, T. (2009). Synthetic nitrogen fertilizers deplete soil
nitrogen: a global dilemma for sustainable cereal production. Journal of environmental
quality, 38(6), 2295-2314.

O’Leary, G. J., Aggarwal, P. K., Calderini, D. F., Connor, D. J., Craufurd, P., Eigenbrode, S.
D., Han, X., & Hatfield, J. L. (2018). Challenges and Responses to Ongoing and
Projected Climate Change for Dryland Cereal Production Systems throughout the
World. Agronomy, 8(4), 34. https://www.mdpi.com/2073-4395/8/4/34

Oczkowski, E., & Bandara, Y. (2013). Modelling agricultural land use allocation in regional A
ustralia. Australian Journal of Agricultural and Resource Economics, 57(3), 422-440.

Oldfield, E. E., Bradford, M. A., & Wood, S. A. (2019). Global meta-analysis of the relationship
between soil organic matter and crop yields. SOIL, 5(1), 15-32.
https://doi.org/10.5194/s0il-5-15-2019

Olof, A., & Thomas, K. (1997). ICBM: The Introductory Carbon Balance Model for
Exploration of Soil Carbon Balances. Ecological applications, 7(4), 1226-1236.
https://doi.org/10.1890/1051-0761(1997)007[1226:ITICBM]2.0.CO

Penson Jr, J. B. (2008). What Impact Will Increased Commodity Prices Have on Land Values?
Rising Food and Energy Prices: U.S. Food Policy at a

Crossroads,” Oregon State University, Corvallis, Oregon, October 2, 2008., Oregon State
University. Available at: https://www.researchgate.net/profile/John-
Penson/publication/267796765 What Impact Will Increased Commodity Prices H
ave_on_Land Values/links/55b7931308aec0e5{4382867/What-Impact-Will-
Increased-Commodity-Prices-Have-on-Land-Values.pdf

Phipps, T. T. (1984). Land Prices and Farm-Based Returns. American journal of agricultural
economics, 66(4), 422-429. https://doi.org/10.2307/1240920

Piesse, J., & Thirtle, C. (2009). Three bubbles and a panic: An explanatory review of recent
food commodity  price events. Food  Policy, 34(2), 119-129.
https://doi.org/10.1016/j.foodpol.2009.01.001

Pope, C. A., & Goodwin, H. L. (1984). Impacts of Consumptive Demand on Rural Land Values.
American  journal of  agricultural economics, 66(5), 750-754.
https://doi.org/10.2307/1240991

RBA. (2021). Monetary Policy Changes - A2. https://www.rba.gov.au/statistics/tables/

Sadras, V. c., Roget, D., & Krause, M. (2003). Dynamic cropping strategies for risk
management in dry-land farming systems. Agricultural Systems, 76(3), 929-948.

Serafin, L., Holland, J., Bambach, R., & McCaftery, D. (2005). Canola: Northern NSW
Planting Guide.
https://www.dpi.nsw.gov.au/__data/assets/pdf file/0016/148300/canola-northern-
NSW-planting-guide.pdf

Sippel, S. R., Larder, N., & Lawrence, G. (2017). Grounding the financialization of farmland:
perspectives on financial actors as new land owners in rural Australia. Agriculture and
Human Values, 34(2), 251-265. https://doi.org/10.1007/s10460-016-9707-2

30


https://econpapers.repec.org/RePEc:uwp:landec:v:79:y:2003:i:3:p:328-341
https://doi.org/10.1071/EA04042
https://www.mdpi.com/2073-4395/8/4/34
https://doi.org/10.5194/soil-5-15-2019
https://doi.org/10.1890/1051-0761(1997)007%5b1226:ITICBM%5d2.0.CO
https://doi.org/10.2307/1240920
https://doi.org/10.1016/j.foodpol.2009.01.001
https://doi.org/10.2307/1240991
https://www.rba.gov.au/statistics/tables/
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0016/148300/canola-northern-NSW-planting-guide.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0016/148300/canola-northern-NSW-planting-guide.pdf
https://doi.org/10.1007/s10460-016-9707-2

Stanford, G., & Smith, S. (1972). Nitrogen mineralization potentials of soils. Soil Science
Society of America Journal, 36(3), 465-472.

Stinn, M., & Dufty, M. (2012). What is the precision of land survey values? Choices, 27(3), 1-
4.

Tack, J. B., Pope, R. D., LaFrance, J. T., & Cavazos, R. H. (2015). Modelling an aggregate
agricultural panel with application to US farm input demands. European review of
agricultural economics, 42(3), 371-396. https://doi.org/10.1093/erae/jbu026

Tsoodle, L. J., Golden, B. B., & Featherstone, A. M. (2006). Factors Influencing Kansas
Agricultural Farm Land  Values. Land  economics, 82(1), 124-139.
https://doi.org/10.3368/le.82.1.124

Turmel, M.-S., Speratti, A., Baudron, F., Verhulst, N., & Govaerts, B. (2015). Crop residue
management and soil health: A systems analysis. Agricultural Systems, 134, 6-16.
https://doi.org/https://doi.org/10.1016/j.agsy.2014.05.009

Unkovich, M., McBeath, T., Llewellyn, R., Hall, J., Gupta, V. V. S. R., & Macdonald, L. M.
(2020). Challenges and opportunities for grain farming on sandy soils of semi-arid
south and south-eastern Australia. Soil research (Collingwood, Vic.), 58(4), 323.
https://doi.org/10.1071/SR19161

van Rees, H., McClelland, T., Hochman, Z., Carberry, P., Hunt, J., Huth, N., & Holzworth, D.
(2014). Leading farmers in South East Australia have closed the exploitable wheat yield
gap: Prospects for further improvement. Field Crops Research, 164, 1-11.
https://doi.org/https://doi.org/10.1016/j.fcr.2014.04.018

VGO. (1993). New South Wales Real Estate Values.
https://www.valuergeneral.nsw.gov.au/pdf/blue book/1993 Blue Book.pdf
VGO. (2023). Country land values Valuer General.

https://www.valuergeneral.nsw.gov.au/land_value_summaries/historical values.php

Wang, B., Liu, D. L., Evans, J. P, Ji, F., Waters, C., Macadam, 1., Feng, P., & Beyer, K. (2019).
Modelling and evaluating the impacts of climate change on three major crops in south-
eastern Australia using regional climate model simulations. Theoretical and Applied
Climatology, 138(1-2), 509-526. https://doi.org/10.1007/s00704-019-02843-7

Williams, J. R., Jones, C.A., Kiniry, J. R. & Spanel, D.A. (1989). EPIC crop growth model.
Transactions of the ASAE, 32(2), 497 - 511.

WorldBank. (2020). Commodity Markets. Retrieved 11/3/2023 from
https://www.worldbank.org/en/research/commodity-markets

Wright, B. D. (2012). International Grain Reserves And Other Instruments to Address Volatility
in Grain Markets. World Bank Research Observer, 27(2), 222-260.
https://doi.org/10.1093/wbro/lkr016

Xu, F., Mittelhammer, R. C., & Barkley, P. W. (1993). Measuring the contributions of site
characteristics to the value of agricultural land. Land Economics, 69(4), 356.

Yahya, M., Dutta, A., Bouri, E., Wadstrom, C., & Uddin, G. S. (2022). Dependence structure
between the international crude oil market and the European markets of biodiesel and
rapeseed oil. Renewable Energy, 197, 594-605.
https://doi.org/10.1016/].renene.2022.07.112

Young, R., Huth, N., Harden, S., & McLeod, R. (2014). Impact of rain-fed cropping on the
hydrology and fertility of alluvial clays in the more arid areas of the upper Darling
Basin, eastern Australia. Soil research (Collingwood, Vic.), 52(4), 388-408.
https://doi.org/10.1071/SR13194

31


https://doi.org/10.1093/erae/jbu026
https://doi.org/10.3368/le.82.1.124
https://doi.org/https:/doi.org/10.1016/j.agsy.2014.05.009
https://doi.org/10.1071/SR19161
https://doi.org/https:/doi.org/10.1016/j.fcr.2014.04.018
https://www.valuergeneral.nsw.gov.au/pdf/blue_book/1993_Blue_Book.pdf
https://www.valuergeneral.nsw.gov.au/land_value_summaries/historical_values.php
https://doi.org/10.1007/s00704-019-02843-7
https://www.worldbank.org/en/research/commodity-markets
https://doi.org/10.1093/wbro/lkr016
https://doi.org/10.1016/j.renene.2022.07.112
https://doi.org/10.1071/SR13194

Commodity price
& WCPI (%)

Inflation & cash
rate (%)

Walgett Average
soil productivity

Dubbo Average
Soil Productivity

Junee Average
Soil Productivity

Appendix A

Table 5. Land valuations at Dubbo, Junee and Walgett 1996-2020 using soil productivity, cash and inflation rate, commodity price and WCPI3

1996

-0.53%

8.32%

0.2424

0.2479

0.0657

3 The change in land value is calculated at the end of theriod, therefore the opening land value for the period for 1996 is the land value for the site in 1995 which is adjusted

1997

1.52%

10.78%

0.2431

0.2481

0.0657

1998

1.88%

11.03%

0.2417

0.2461

0.0655

1999

0.15%

7.61%

0.2405

0.2453

0.0652

2000

1.14%

7.61%

0.2394

0.2444

0.0649

2001

-0.33%

6.59%

0.2367

0.2431

0.0644

2002

-1.28%

7.05%

0.2379

0.2431

0.0646

2003

39.06%

47.04%

0.2362

0.2419

0.0642

2004

-10.74%

-3.17%

0.2349

0.2394

0.0640

2005

-2.61%

5.32%

0.2347

0.2387

0.0640

2006

-3.52%

4.24%

0.2327

0.2386

0.0635

2007

-8.57%

-0.30%

0.2325

0.2380

0.0635

2008

-4.06%

5.05%

0.2312

0.2367

0.0633

2009

-5.81%

4.07%

0.2301

0.2363

0.0629

2010

-0.85%

9.34%

0.2286

0.2344

0.0627

2011

6.57%

13.39%

0.2277

0.2346

0.0625

2012

-1.76%

5.32%

0.2263

0.2340

0.0621

2013

6.37%

13.75%

0.2253

0.2329

0.0620

2014

-0.84%

5.06%

0.2249

0.2323

0.0619

for the impact of crop production land use, commodity prices and monetary policy. Full results are available from the author on request.

2015

-0.53%

4.49%

0.2242

0.2321

0.0617

2016

-0.33%

5.64%

0.2231

0.2302

0.0616

2017

4.13%

10.29%

0.2237

0.2304

0.0616

2018

-7.64%

-4.69%

0.2235

0.2301

0.0615

2019

0.30%

3.65%

0.2221

0.2276

0.0613
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2020

0.38%

6.08%

0.2210

0.2274

0.0612
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