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Abstract

In the current work, a novel, experimental ‘bottom-up’ approach is used to quantify
the economic value of ecosystem services (ES) associated with highly modified arable
landscapes in Canterbury, New Zealand. First, the role of land management practices in
the maintenance and enhancement of ES in agricultural land was investigated by
quantifying the economic value of ES at the field level under organic and conventional
arable systems. This quantification was based on an experimental approach in contrast
with the earlier value transfer methods. Total annual economic value of ES in organic
fields ranged from US $1610 to US $19,420 ha™' yr'and that of conventional fields from
US $1270 to US $14,570 ha™' yr''. The non-market value of ES in organic fields ranged
from US $460 to US $5240 ha™! yr''. The range of non-market values of ES in
conventional fields was US $50 — 1240 ha™' yr''. There were significant differences
between organic and conventional fields for the economic values of some ES. Next,
this economic information was used to extrapolate and to calculate the total and non-
market value of ES in Canterbury arable land. The total annual economic and non-
market values of ES for the conventional arable area in Canterbury (125,000 ha) were
US $332 million and US $71 million, respectively. If half the arable area under
conventional farming shifted to organic practices, the total economic value of ES would
be US $192 million and US $166 million annually for organic and conventional arable
area, respectively. In this case, the non-market value of ES for the organic area was US
$65 million and that of conventional area was US $35 million annually. This study
demonstrated that arable farming provides a range of ES which can be measured using
field experiments based on ecological principles by incorporating a ‘bottom-up’

approach. The work also showed that conventional New Zealand arable farming



practices can severely reduce the financial contribution of some of these services in

agriculture whereas organic agriculture practices enhance their economic value.
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Engineered ecosystems; Organic farming.



1 Introduction

Change is inevitable in nature (Disraeli, 1867). And so a long journey from a
subsistence existence to abundance and providing food for billions has changed the
nature of farming from 5000 BC to 2000 AD (Fussell, 1965; Pretty, 2002; Bruinsma,
2003). Modern agriculture in the last century and currently, is the most advanced form
of farming humans have ever practised (Federico, 2005). This has potentially offered to
banish hunger. However, at present, the world population is nearly 6.5 billion with 800
million malnourished and is projected to grow to 9 billion by 2050 (Pimentel and
Wilson, 2004). All the nations of the world have pledged to achieve the Millennium
Development Goals by 2015 that include the eradication of hunger (UN, 2005).
Modern agriculture made it possible to grow more food per unit area as dreamed by
Jonathan Swift (1726) in Gulliver’s Travels “...and he gave it for his opinion, that
whoever could make two ears of corn or two blades of grass to grow upon a spot of
ground where only one grew before, would deserve better of mankind, and do more
essential service to his country than the whole race of politicians put together”. It is
presumed that Swift was not aware of the consequences of the science of growing more
from the same piece of land using modified seeds and chemical inputs (Norse and
Tschirley, 2003). Although, agricultural science has made enormous progress to
increase productivity as well as to measure and alleviate some of its negative
consequences (Altieri, 1995; Thrupp, 1996; Pretty and Hine, 2001; Tilman et al., 2002;
Gurr et al., 2004; Pretty, 2005), the current challenge is to meet the food demands of a
growing population by maintaining and enhancing the productivity of agricultural
systems without further damaging (and ideally, enhancing) their ES provision (Tilman

et al., 2002; Robertson and Swinton, 2005).



One approach to achieving farm sustainability is to utilise nature’s services on
farmland to increase productivity by replacing most external inputs such as pesticides,
fertilisers (Gurr et al., 2004). These nature’s services or ecosystem services (ES) support
life on earth through a wide range of processes and functions (Myers, 1996; Daily,
1997; Daily et al., 1997b). Overuse of natural resources has led to their decline
worldwide and this has resulted in the loss of valuable ES (Reid et al., 2005). Research
literature provides information on the economic value of global and regional ES
(Costanza et al., 1997; de Groot et al., 2002; Millennium Ecosystem Assessment, 2003)
based on ‘top-down’ approaches, including value transfer (Costanza et al., 1997;
Pimentel et al., 1997a; Patterson and Cole, 1999; Anielski and Wilson, 2005; Losey and
Vaughan, 2006). Significant amount of information is provided about the differences
and similarities of conventional, organic and other land management practices
(Higginbotham et al., 1996; Higginbotham et al., 2000; Kaval, 2004). However, there is
a lack of detailed understanding of the ES associated with highly-modified or
‘engineered’/designed landscapes (Balmford et al., 2002; Robertson and Swinton, 2005)
such as arable land and also of changes in ES when agricultural production shifts from
conventional to organic methods.

The role of ES in farming is investigated in the current study by calculating its
economic value under organic and conventional arable systems in Canterbury, New
Zealand by using a ‘bottom-up’ approach comprising field experiments to quantify ES.
It focuses on one sector (arable farming) of an ‘engineered’ ecosystem (agriculture).
The work attributes economic values to a suite of ES which were quantified
experimentally, in contrast with earlier evaluations of ES, which have used ‘value
transfer’ approaches. The total economic value of ES in arable land in the province of

Canterbury, New Zealand is also calculated here by using ‘bottom-up’ approach



(Sandhu et al., 2005) and extrapolation using GIS techniques. It also provides
information on the change in the economic value of ES in a scenario in which

conventional farming shifts to organic farming.

2 Materials and methods

2.1 Study site

The province of Canterbury is the major arable area (dedicated to the production of
crops) of New Zealand consisting of 125,000ha (Statistics New Zealand, 2003). The rest
of the agricultural land consists of land in horticulture, grasslands, forest plantations,
tussock used for grazing, native bush and native scrub. In this work, 29 arable fields
were selected in September 2004, distributed over the Canterbury Plains and comprising
14 organic and 15 conventional fields with a mean area of 10 ha. Of the 14 organic
fields, seven were certified by AgriQuality, New Zealand (www.agriquality.co.nz) and
seven by BIO-GRO, New Zealand (Anon., 1994). Both certifiers are accredited with
IFOAM, the International Federation of Organic Agriculture Movements
(www.ifoam.org).

A list of arable farmers in Canterbury was obtained from the Foundation for Arable
Research, Lincoln (www.far.org.nz) and OPENZ (Organic Products Exporters of New
Zealand; www.organicsnewzealand.org.nz) provided the contacts for all organic
farmers. There are 490 conventional arable farmers and 25 organic arable farmers in
Canterbury (MAF, 2006). The latter were contacted first by a letter, followed by a
telephone call and a meeting to collect detailed information about the farming practices

and the crops grown, as well as soil type, crop rotation practices etc. Arable organic



farms were selected from the above list, one to three fields being selected per farm
based on there being an arable crop grown at the time of the survey. After this,
conventional arable farms that were within 5 km of the organic fields were contacted.
The latter were selected because they were growing similar crops and had similar soil
types. Codes O1-O14 were assigned to the organic fields and C1-C15 to the
conventional ones. The crops were wheat, barley, carrots for seed, process peas, field

beans, white clover for seed and onions.

2.2 Field assessment of ES on arable fields

The assessment of ES associated with arable land in this work follows the typology
provided by Reid et al. (2005). The work is based on the premise that developing a
deeper scientific understanding of the complex relationships between ‘engineered’
ecosystems and the types of ES they affect will provide a better informed basis for
ecosystem service management in agricultural landscapes (Farber et al., 2006). An
example is conventional arable farming that involves high inputs in the form of
pesticides can suppress the ability of farmland to provide a key ES, i.e., biological
control of pests (Gurr et al., 2004; Sandhu et al., 2005). However, organic farmers
depend to a greater extent upon natural pest control services to keep pest populations
below economic threshold levels. This information is being used to practise ‘ecological
engineering’ to enhance this key ES in conventional and organic farmlands (Gurr et al.,
2004).

ES associated with arable farming in Canterbury, New Zealand were assessed by
conducting field experiments using ‘bottom-up’ assessment methods (Sandhu et al.,

2005; 2007), i.e., by conducting a series of field experiments to assess each ES.



Economic value of each ES was then calculated for each of the 29 fields based on US
dollar for the year 2005. Total economic value of ES for each field was calculated by
summing the total of all the individual ES values measured. These were: biological
control of pests, ES;; soil formation, ES,; mineralisation of plant nutrients, ES3;
pollination, ES4; services provided by shelterbelts and hedges, ESs; hydrological flow,
ESg; aesthetics, ES7; food, ESg; raw material, ESy; carbon accumulation, ES;; nitrogen

fixation, ESyy; soil fertility, ES, (Eq.1) which will be detailed on the following pages.

ESiotal = ZESn = ZESmarket+ ZESnon—market (Eq 1)

The market value of ES included the economic value of product and raw material
produced (Eq. 2). These are the only two which are products (grains, seed, peas for
processing, onions, straw bales) traded by farmers in the market. The rest of the ES
comprised non-market values (Eq. 3) (McTaggart et al., 2003). These market and non-

market values are the two components of total economic value of ES (Eq. 1).

Esmarket = ESS + ES9 (Eq 2)

ESon-market = z ESi.12- z ESg.9 (Eq3)

Assuming a shift of half of the conventional area to organic, the change in the value of

ES for Canterbury arable land is calculated by using the value of organic and

conventional areas (Eq. 4).

AES = ZESorganic - Z ESconventional (Eq4)



ES here include goods and services (Daily, 1997) that are consumed and/or
produced on arable land (Cullen et al., 2004). The methods used to estimate their

economic value in each of the 29 fields are described below.

2.2.1 Biological control of pests

The process of pest removal by soil-surface predators (one of many natural-enemy
guilds; Root, 1967) was assessed in the current work by using real pests and ‘prey
surrogates’ to assess ‘predation rate’ (detailed methods in Sandhu et al., 2007); this
provided information on one subset of biological control carried out by natural enemies
in arable farmland, that of soil-surface predation of aphids and of eggs of the carrot rust
fly (Psila rosae Fab.), using egg ‘surrogates’ in the latter case.
Predation rate was calculated from the removal of ‘prey’ types per 24 h period during
spring (November 2004) and summer (January 2005) study periods. In each period, two
prey densities for each prey type were assessed. The aphid densities were selected in
November 2004 (1/25c¢cm? and 4/25¢m?) and January 2005 (4/25¢cm” and 10/25cm?)
based on previous studies in arable land (Ekbom et al., 1992; Winder, 1990; Winder et
al., 1994). Two densities of blowfly eggs were used, based on the literature on the
abundance of carrot rust fly egg populations. Published egg densities are in the range of
3-8/25cm’ (Burn, 1982) in the field.

Predation rate was assessed using ‘prey surrogates’ comprising 25¢m” water-proof
sandpaper squares pinned to the soil surface by wooden toothpicks (Merfield et al.,
2004; Frank et al., 2007). Live aphids (dorsal side uppermost) were glued onto the

sandpaper (P150, Norton) using 3M repositionable glue in a grid pattern with 1cm
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between aphids. The blowfly eggs were not glued onto the surface but were placed in a
similar pattern. The sandpaper sheets were pinned at the field boundary, the field centre
and midway between the two in two transects (5m apart) in each field and had a 225
cm’ metal plate supported 10cm above to protect them from rain.

Predation rate was calculated from the removal of ‘prey’ types per 24 h period
during the two study periods. At each site, each type of ‘prey’ at both densities
(minimum and maximum) were positioned 1m apart at the locations described above.
For each prey type for each period, overall mean prey disappearance was calculated
separately from the means of the two prey densities.

The economic value of this ‘background’ (i.e., unmanipulated) biological control of
aphids and the fly was estimated by using avoided cost (AC) (de Groot et al., 2002;
Wilson et al., 2004) of pesticides, based on their cost in New Zealand (conventional
farmers’ spending to control aphids; Chapman, 2004), and total avoided cost (TAC) of

pesticides, described by Sandhu et al. (2006).

2.2.2 Soil formation

Soil formation is an important ecosystem service provided by soil biota (Breemen and
Buurman, 2002). Earthworms are the most important component of this soil in this
respect and in the maintenance of soil structure and fertility (Stockdill, 1982; Lee, 1985;
Edwards, 2004). Earthworm populations in each of the selected fields were assessed to
estimate the quantity of soil formed ha™'yr"' (Sandhu et al., 2005).

The economic value of earthworms in soil formation was calculated based on the
assumptions that the mean biomass of an earthworm is 0.2g (Fraser, 1996) and that one

tonne of earthworms forms 1000 kg of soil ha™'yr" (Pimentel et al., 1995). The value of
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purchased top-soil in New Zealand is US $23.60 tonne™ (City Care, 2005;

WWW.citycare.co.nz).

2.2.3 Mineralisation of plant nutrients

Organic matter breakdown by soil micro-organisms and invertebrates (Brady and Weil,
2004) is one of the most important services provided by soil. Through this process,
plant residues are broken down, releasing previously organically-bound nutrients such
as nitrogen for use by plants (Edwards and Arancon, 2004). The rate and economic
value of mineralisation of plant nutrients was assessed in all the fields using bait-lamina
probes (Kratz, 1998; Torne, 1990) as described by Sandhu et al. (2005). The economic
value of plant nutrient mineralisation provided by soil micro-organisms and
invertebrates is assessed using data on mineralisation of organic matter obtained from
field experiments. Total organic matter content in the fields was estimated using the
total weight of soil (obtained from bulk density at 10cm depth) and total nitrogen
obtained from soil testing results. It was based on the assumptions that the ratio of
organic matter to nitrogen is 20:1 (Brady, 1990). The amount of organic matter
mineralised in each field was calculated from this by using nutrient mineralisation rate
from the bait-lamina probes. The total amount of nitrogen mineralised was estimated
from this and valued at the equivalent price of N kg™ (US $0.84 kg'; Ravensdown,

2005) providing the economic value of nutrient mineralisation.

2.2.4 Pollination
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The transfer of pollen grains from anthers to stigmas is pollination (Free, 1970) and is
accomplished by insects (bees, wasps, beetles, flies, moths), vertebrates (birds, bats),
wind, water. The dependence of important food crops on pollination makes this service
crucial in agriculture. Earlier work provides information on the value of pollination
services (Matheson, 1987; Pimentel et al., 1997a; Kremen et al., 2002; Ricketts et al.,
2004). Extensive use of insecticides in agriculture, and habitat loss are leading to a
decline of this ES (Nabhan and Buchmann, 1997, 1998) which is worth US $200 billion
annually in cropland worldwide (Pimentel et al., 1997a). The value to New Zealand is
estimated to be in the range of US $1.4-2 billion annually (Matheson, 1987; Matheson
and Schrader, 1987). New Zealand arable land produces high-value seed crops
including clovers and requires bees for pollination. The grain and seed industry in New
Zealand is worth US $300 million annually (www.maf.govt.nz/mafnet/rural-
nz/overview/nzoverview(012.htm). To provide increased pollination services for this
industry, farmers rent honey-bee hives every year, adding to the costs of production.
Any major reduction in populations of pollinators will lead to severe losses to the seed
industry. This ES therefore plays a vital role in the economy of New Zealand, especially
of Canterbury province.

The economic value of this service was estimated by using the direct cost incurred
by farmers to buy pollination service by hiring honey bee-hives for the period of
pollination. The economic value of this ES is considered as zero for the fields where the

crops do not require pollinators.

2.2.5 Services provided by shelterbelts and hedges
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Shelterbelts are the barriers usually made up of one or more rows of trees or shrubs
planted around the edges of fields on farms. Shelterbelts on farmland benefit crops and
farm animals by improving crop yields and quality (Sturrock, 1969; Kort, 1988). This is
because of reduced wind speed, minimising soil erosion, improving microclimate and
giving higher levels of soil moisture (Kort et al., 1988). They also provide shelter and
pollen/nectar resources to pollinators (Norton, 1988) and to natural enemies that
perform biological control of pests and diseases (Thomas et al., 1991; Landis et al.,
2000; de Groot et al., 2002; Heal and Small, 2002;). In Canterbury, New Zealand, good
shelter can increase crop yield by up to 35 per cent (Sturrock, 1981).

The potential permeability was quantified by digital images of three sections of each
shelterbelt; each section measured 2m long and 1.5 m high. These digital images were
analysed automatically to give the percentage of the image that was occupied by leaves,
branches, fence posts, etc. using the hardware and software described by Varley et al.
(1994). The mean percentages of the three sections that were dark in the images were
calculated and used to determine the permeability percentage of each shelterbelt. In
Canterbury, New Zealand, shelterbelts are usually on the north-west side of the fields to
protect crops, animals and soils as most of the potentially destructive winds come from
that direction (Sturrock, 1969). Based on the study by Sturrock (1981), the increased
yield derived from shelterbelt was estimated for each crop type for each field depending
upon the permeability of shelterbelt. The value of that increased yield is the economic

value of services provided by shelterbelts and hedges in each of the 29 fields.

2.2.6 Hydrological flow



14

Hydrological flow in the plant-soil-atmosphere plays a critical role in arable farming.
The hydrological cycle renews the earth’s supply of water by distilling and distributing
it (Gordon et al., 2005).

The economic value of this service on fields is calculated by estimating the input
(based on rainfall and irrigation data of each of the 29 fields) and output of water (water
use by crops in each of the 29 fields; Pimentel et al., 1997b) and the amount of water
that is recharged into the ground in each of the fields (Allen et al., 1998). The cost of
applying water is calculated at the rate of US $33.00 per 75 mm water ha (Farm
Management Group, 2006). The water recharged into the ground is estimated and
valued from the cost of applying water and this gives the economic value of this ES for

each field.

2.2.7 Aesthetics

Cultural services contribute to the maintenance of human health and well-being by
providing recreation, aesthetics and education (Costanza et al., 1997; de Groot et al.,
2002; Reid et al., 2005). Agriculture provides these services as some farmers conserve
field-boundary vegetation or enhance landscapes by planting hedgerows, shelterbelts or
trees. Arable farms in Canterbury are characterised by highly managed shelterbelts.
Some farms also provide accommodation and recreational activities for family members
as well as for national and international visitors.

There was no direct method available to estimate the economic value of this ES.
However, Takatsuka et al., 2005 have estimated the aesthetic value of improved

landscape on New Zealand arable farms to be US $ 21 ha™ using the contingent



valuation method. This value is used here as a standard value of aesthetic services

provided by New Zealand arable farms.

2.2.8 Food

Modern agriculture is feeding the current population of more than 6 billion people
worldwide and it is estimated that with an increase in the population to 9 billion by
2050, global food demand will double (Pimentel and Wilson, 2004). Agriculture has
played a major role in shaping the environment as well as the economy of the world.
Although natural ecosystems are sources of a considerable amount of wild foods,
including fish, the needs of the growing population will be largely fulfilled by
agriculture. The economic value is calculated here by the farm gate prices of the

products (grains, beans, seed, peas and onions) for each field.

2.2.9 Raw materials

15

Agriculture also produces raw materials in the form of fibre, fuel wood, pharmaceuticals

and industrial products (Daily et al., 1997b). Arable farming in Canterbury, New

Zealand produces straw, fuel wood, medicinal plants etc., as well as food and seeds. The

economic value has been calculated here by the farm gate prices straw bales as this was

the only secondary by product produced in studied fields in Canterbury.

2.2.10 Carbon accumulation
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Carbon accumulation in soils is being considered as an alternative to offset the
emissions of carbon dioxide in the atmosphere by industry and other human activities.
Practices such as crop residue management, zero or minimum tillage or conservation
agriculture can increase carbon accumulation in soils (Garcia-Torres et al., 2003;
Magdoff and Weil, 2004).

The amount of crop and root residue was estimated (crop residue is 1.5 times the
crop grain yield and 40% of this is carbon; Johnson et al., 2006) and then amount of
carbon accumulated by tissue in the soil was calculated based on soil carbon analysis by
using the Walkley-Black chromic acid wet oxidation method (McLeod, 1973). This was
used to calculate the economic value of carbon accumulation in each field. The
economic value of carbon accumulated by crop and root residue is estimated based on
US $ 21 tonne™ of carbon accumulated (www.niwascience.co.nz). This is the price at

which the New Zealand Government would begin carbon trading.

2.2.11 Nitrogen fixation

Nitrogen fixation by growing legumes is a widely used practice in arable farming world
wide. Clovers are common features in Canterbury arable rotations because of this
nitrogen fixation. These are used as a restorative phase between phases of crop
cultivations. The economic value of nitrogen fixed by different crops was estimated by
the amount of nitrogen fixed per hectare which was then valued at the unit price of urea

(US $0.84 kg™) in New Zealand.

2.2.12 Soil fertility
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The ability of a soil to provide nutrients to plants is known as soil fertility (Brady,
1990). In this study, an economic value is attributed to the ability of soil to provide
nitrogen.

Nitrogen is one of the main requirements of all crops. Of the total nitrogen present in
soil, the amount in available forms in the soil is small. Under natural conditions 2% yr™'
(Brady, 1990) of this nitrogen becomes available to plants. The amount of nitrogen
available to the crops next year was estimated for each field based on soil nutrient
analysis that gives the total nitrogen percentage. This information was used to calculate
the economic value of nitrogen availability in each field valued at the unit price of urea

(see above).

2.3 Economic valuation and spatial mapping of ES for Canterbury arable land

The total economic value of ES for Canterbury arable land was calculated by
extrapolating ES values compiled for the 29 study fields to the total arable area
(125,000 ha) in the Canterbury province, stratified by the nine administrative districts
within Canterbury (Fig. 1). Each of the districts had a different suite of crops. The
market and non-market values of ES were calculated from the means of the organic and
conventional fields. These values were used to calculate the total ES value in each of the
nine districts based on the total area of each crop, by district, derived from New Zealand
agricultural census data (Statistics New Zealand, 2003). ES values were then
recalculated under the scenario that half the arable area of Canterbury was converted to
an organic (Anon., 1994) regime. Based on this scenario, the predicted change in the
economic value of ES for the whole province was estimated using market and non

market values for each organic field, by crop type.
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Next, total and non-market ES values for both the full conventional and half
conventional/half-organic scenarios were spatially extrapolated and mapped across
Canterbury using a spatial analysis within the ArcGIS 9.0 (ESRI, 2004) Geographic
Information System (GIS) software and displayed at a 10x10 km grid resolution. This
exercise was carried out in several steps:

1. A GIS layer containing up-to-date agricultural data for farm properties in
Canterbury (AgriBase™ Farms Data, 2005) was used to calculate the overall
proportion of arable farming currently occurring on each farm.

2. A 10x10 km resolution polygon grid and a GIS layer demarcating district
boundaries were spatially combined with the AgriBase dataset. This resulted in a
spatial layer containing farm polygons with associated data, such as: farm and
grid cell identification, district name, total area, and proportion of arable farming.

3. The effective area of each of the five crop types occurring within each farm, by
district, was calculated by multiplying the overall proportion of each crop type
censused within each district (Statistics New Zealand, 2003) by the total area per
farm polygon derived in step 2.

4.  Total and non-market ES values were calculated for each farm polygon by
multiplying the per-hectare ES values per crop type, as quantified via the field
study, by the total effective area of each crop type occurring on each farm.

5. ES values were summarised and mapped by grid cell.

6. A similar process was carried out to map ES under the scenario of converting half
of Canterbury’s conventional arable farm areas to organic-based farming. To do
this, half of the total area per crop type occurring on each farm (step 3) was

instead multiplied by field-derived organic ES values at step 4. The percent
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change in total and non-market ES relative to the full conventional scenario was

calculated and mapped in the ArcGIS 9.0.

3 Results

Total economic value of ES in organic fields ranged from US $1610 to US $19,420 ha’
'yr'' and that of conventional fields from US $1270 to US $14,570 ha™ yr'' (Fig. 1). The
total non-market value of ES ranged from US $460 to US $5240 ha™' yr' in organic
fields and from US $50-1240 ha™ yr™' in conventional ones (Fig. 1). There were
significant differences between organic and conventional fields for the economic values
of 3 ES (biological control of aphids; p<0.001 and fly eggs; p<0.001 and services
provided by shelterbelts and hedges; p<0.05 (Table 1). The non-market economic value

of ES was significantly greater (p<0.05) in organic fields than in conventional ones.

3.1 Economic value of ES in Canterbury arable land by district

The total and non-market economic value of ES for conventional arable crops in
Canterbury was US $332 million and US $71 million annually, respectively (Table 2).
If half the area is converted to organic farming in Canterbury, the total economic value
of ES for organics is US $192 million and US $166 million annually for the
conventional area (Table 3). The corresponding non-market economic value of ES are
US $65 million and US $35 million for organic and conventional arable area,
respectively (Table 3).

Assuming the minimum and maximum values of total and non-market values of

organic and conventional fields, the economic value of Canterbury arable land was
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calculated. The range of total economic value for the 125,000 ha area (conventional) is
from US $0.15 to 1.8 billion and for the non-market values it is US $6 to 154 million
annually. If half the area is converted to organics, the total economic value for the
organic part ranged from US $0.1 to 1.2 billion (conventional US $0.08 to 0.9 billion).
For the non-market component it was US $28 to 227 million (organics) and from US $3

to 77 million (conventional).

3.2 GIS mapping of the value of ES across Canterbury

Under the fully-conventional scenario, the GIS-based analysis produced an estimated
total ES for Canterbury of ¢.US $468 million annually, with non-market ES accounting
for ¢. US $100 million of the annual total. With a conversion to a half-organic scenario,
the estimated total Canterbury ES was c. US $505 million annually, with non-market ES
comprising US $142 million of total annual ES This was an increase in total and non-
market ES of US $37 million and US$ 42 million, respectively.

Calculated and mapped at the 10 x 10 km grid cell resolution, the total conventional
arable ES values for Canterbury ranged from less than US $10,000 to over US $15
million annually (Fig. 2). Depending on the grid cell, the spatial pattern of total
conventional ES across Canterbury was highly heterogeneous, reflecting the
interspersion of arable with pastoral farms across this region; the highest levels of total
ES were found in the Canterbury plains region of the Selwyn and Ashburton districts,
while the Banks Peninsula, Hurunui, and Mackenzie districts contributed the least to
total Canterbury ES (Fig. 2). Non-market conventional arable ES for each grid cell in
the region ranged from less than US $1,000 to over US $4 million annually; the spatial

distribution of this non-market ES generally mirrored that for total ES, with the
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exception of several grid cells in the Timaru, Ashburton, Selwyn, and Waimakariri
districts (Fig. 3).

Under the ‘half-organic’ scenario, there was a 1% to 12% increase in total
Canterbury ES based on the GIS analysis (Fig. 4). Spatially, the extent of increase in
total ES varied by district, with a trend of increasing ES from northeast to southwest
Canterbury (Fig. 4). By comparison, results suggest that a 1% to 45% increase in non-
market ES would occur in Canterbury as a result of a conversion of half of the
conventional arable farms to organic practices, with the exception of the Banks
Peninsula district which would experience a predicted decrease in non-market ES (Fig.
5). Spatially, relatively large gains of > 25% in non-market ES would occur across most
of Canterbury, with exception of the Mackenzie, Christchurch, and Banks Peninsula

districts (Fig. 5).

4 Discussion

‘Engineered’ ecosystems such as arable farmland use ES as ‘subsidies’ provided by
nature and facilitated by governments to generate food and raw materials. Most of these
services remain outside routine decision making, are in a state of decline and above all
are not paid for or traded (Daily, 1997; Costanza, 1998; Reid et al., 2005; Heal et al.,
2005). This approach to ES will have to change to make farms more sustainable and to
be able to feed the estimated 9 billion human population by 2050 (Tilman et al., 2002;
Robertson and Swinton, 2005). Farmers need to modify their role from being primarily
producers of food and fibre to being managers and providers of a range of ES (Porter
and Steen, 2003).This awareness has led to an increasing interest in the economic value

of ES in agriculture. The current study was designed to quantify this in arable land
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experimentally under different land management practices using a ‘bottom-up’
measurement approach, which is in contrast to earlier studies that have used ‘top down’
techniques. Costanza et al. (1997) estimated aggregate values of ES for each biome
using broad scale value transfer methodologies (Wilson et al., 2004). In the Costanza
study, cropping land did not receive much consideration, as only three ES were
evaluated for it, and the remaining potential services were considered either negligible
or not to occur. One plausible reason for this conclusion is that the valuation was
heavily weighted towards natural ecosystems rather than ‘engineered’ ones, which are
actively modified by humans (Balmford et al., 2002). These ‘engineered’ or designed
ecosystems do, however, provide a range of important ES (Cullen et al., 2004;
Takatsuka et al., 2005). Current intensive and high-input agricultural practices affect the
ability of these systems to provide some ES, which in the longer term can offset their
ability to produce large amounts of food and fibre (Tilman et al., 2001). A key future
challenge is to improve the understanding of biological processes and environmental
consequences of agricultural intensification, so that they can be managed and enhanced
to ensure sustained food production for the growing human population (Tilman et al.,
2002; Robertson and Swinton, 2005).

The total economic value of ES in Canterbury arable land was estimated by using
experimentation and extrapolation from field to province using both direct numeric and
GIS-based extrapolation methods. The arable economy of Canterbury takes into
consideration the market value of ES (food and raw materials) but the remaining of the
ES are never considered as a part of general accounting and remain outside economic
decision making (Heal et al., 2005). This approach used here demonstrates the value of
non-market ES at the field level in addition to the usual market value of ES in arable

land.
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This exercise was necessary because of the increasing importance of the economic
value of ES in ‘engineered’ landscapes (Matson et al., 1997; Gurr et al., 2004; Kremen,
2005; Robertson and Swinton, 2005). Evidence of ecological disturbances sometimes
does not generate much attention unless the evidence includes dollar values (Daly,
1998). The information generated in the present work can be used by researchers and
policy makers to increase ecological and economic wealth in a sustainable way and a
greater awareness of the ES provision of farmland can contribute to the ‘future-
proofing’ of agriculture in an increasingly uncertain food-production environment
(Kristiansen et al., 2006).

Some researchers argue that the market value of the products in agriculture also
represents the value of those ES which help in its production (Heal and Small, 2002).
But unless it is known how much each of these services is contributing towards the
production of food, it is difficult to plan for their maintenance and conservation (Daly,
1998). In the present study, the value of individual ES on arable farmland was estimated
(as well as the food and fibre values) and this forms the non-market value of ES. These
are the ‘shadow prices’ (Little and Scott, 1976) of ES which are not normally
exchanged in markets but are traded off against each other in agricultural landscapes.
The present work demonstrates that conventional farming results in a decline in some of
these services compared with organic farming, with an associated lower economic value
for ES in conventional farms. The current work put forward a new approach to look at
the future of farming by considering ES as an important factor in production and
indicates that it should be included in decisions concerning the future of agricultural
production (Reid et al., 2005).

The economic value of ES in Canterbury arable land were calculated for current

practices and also by assuming half of the arable area shifts to organic farming. It is
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reasonable to provide such estimates in view of the global trends of organic agriculture
(increasing 20 % yr™'; Willer and Yussefi, 2006). This increase in area will result in an
increased supply of organic products and this may possibly bring down the market value
of that produce. However, it is expected that the non-market value of ES will increase as
ES become scarce in future (Costanza et al., 1997; Batabyal et al., 2003).

This work also demonstrates the utility of GIS-based methods in using a spatial
approach to the distribution of ES across a region. The main benefit of this is that
district-level census data on arable crop composition can be spatially extrapolated and
visualised, directly reflecting the spatial distribution of farms, their sizes and
management activities, and the resultant impact of these factors on ecosystem services.
The differences in total and non-market ES values calculated via GIS, as compared with
direct numerical extrapolation, reflects the impact of using spatially-explicit farm data
to carry out ES calculations for a given region. Ultimately, the GIS approach facilitates
the exploration and visualisation of how potential changes in management practices and
crop types may result in gains or losses of future ES, thereby providing a useful tool for

decision-making, discussion and policy.

5 Conclusion

The benefits of ES in ‘engineered’ ecosystems are substantial as demonstrated by their
economic value in arable land in Canterbury, New Zealand. The ecological and
economic value of some of the ES can be maintained and enhanced on arable farmland
by adopting sustainable practices such as organic farming (Lampkin and Measures,
2001; Sandhu et al., 2005; Kristiansen et al., 2006). This study makes clear that arable

farmland provides a range of ES which can be measured using field experiments based
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on ecological principles by incorporating a ‘bottom-up’ approach. It provides
information for policy and decision makers to consider the financial contribution of

different farming practices towards the sustainability of arable farming.
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Ecosysten services Drganic fields
| Biological control of pests 5000-100y 07o-0y
2 DNineralization of plant mdrients 2600 (26-425) 142 (30-349
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Total economic value of E3 4600 (1607-19412) 3680 (1263-14570)
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Table 2 - Total economic and non-tarket value of ecosystemn setvices in Canterhury

conwentional arable land.

Atrea Total Mon-market

ha Us §yr! Us s yr!
Huriri District 3,750 10,034 070 2,202,900
Waimalsariti District 5,625 15,854 740 3,357,120
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BanksPeninsula District f25 1,255 630 380,630
Selwyn District 2,1250 57601200 12,381,050
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Figure captions

Fig. 1 Total and non-market economic value of ecosystem services in organic and

conventional fields.

Fig. 2 The total economic value of ecosystem services provided by conventional

farming practices for arable land in Canterbury, New Zealand.

Fig. 3 The non-market economic value of ecosystem services provided by conventional

farming practices, for arable land in the Canterbury region.

Fig. 4 The increased percentage in total economic value of ecosystem services when

half of the conventional area is converted to organic farming.

Fig. 5 The increased percentage in non-market economic value of ecosystem services

when half of the conventional area is converted to organic farming.
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Fig 3
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Fig 4
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Fig 5
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