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1. Summary of the Review

This report is the first in a series of three that deal with using GPS to verify the use of
GHG mitigation technologies. Part one, the literature review, documents some of the
potential applications for Global Positioning Systems (GPS) to aid in potential paddock
and farm scale green house gas mitigation technologies and the factors that need to
be addressed when doing this.

A GPS unit can provide proof of location, within some level of error, a time and date
stamp, and may be married with other sensors and technologies to estimate the
placement of product relative to the position of the GPS unit.

GPS has inherent accuracies that define the type of mitigations that could be recorded
and as such needs a set of working specifications to enable the relative accuracy of
the verification provided to be understood.

Progress made since 2000 has improved the accuracy of all GPS to the point that it is
routinely accepted in research as a tool without verification. Research in New Zealand
has not provided any comparisons of the accuracy of different types of GPS.

GPS has been identified as a tool for aiding environmental management for some time
and includes both general environmental management and green house gas
management. On-farm technologies for the mitigation of green house gas emissions
can be classified into 4 different management areas on the farm including agronomy
and pasture management, nutrient management, cultivation and crop residue
management and water management.

Each of these management areas provided different opportunities for the use of GPS.
Some only need GPS to provide areas or maps for inventory purposes, while others
need to track dynamic placement of products in conjunction with other data such as
weather and soil moisture status.

The different uses of GPS may need different specifications to provide validation of
green house gas mitigation technologies, and may also need other records such as
number of satellites to estimate the relative accuracy of the data.

The literature on the use of GPS for the verification of technologies is relatively sparse.
Some more research may be required to ensure that the accuracies and specifications
recommended provide the level of robustness for validating green house gas
mitigation at the whole farm level.
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2. Project Purpose

Global Positioning System (GPS) technologies being developed have the
potential to provide individual farmers with farm / paddock level verification of
mitigation practises. As such these technologies could provide powerful tools to
assist farm level adoption of GHG mitigation practises.

However, currently we do not know:

¢ What mechanisms / technologies would need to be incorporated within
farm scale GPS units to allow farm / farmer verification?

¢ What types of technologies these devices could/should be applied to?

e What procedures would technology developers need to go through to
ensure that their technologies could be successfully linked to mitigation
technologies, to be accepted by the administrators of a NZ Emissions
Trading Scheme, the NZ GHG inventory, and potentially the Clean
Development Mechanism process?

This project addresses thefollowi ng questi on: fiwhat technol og
would an individual farmer need to use to verify farm & paddock scale
mitigation practises?o0

It should be noted that this project:

e Wil not develop or deliver a GHG mitigation package. This is
unrealistic as many of the adjunct technologies are either still in
development, or have yet to be validated.

But:

o Will develop a detailed Requirement Specification for such a
technology. This will be a publicly available document that will assist
both the developers of GPS technology and GHG mitigation
technologies understand the key issues required to have farmer ready
technologies that allow verification of GHG mitigation.

AN

This project was a partnership between NZo6s | e
technologies (TracMap) and an agricultural research institute with skills in both the
application of agricultural technologies, and GHG mitigation (AgResearch).

This report documents the first part of the process in providing a literature review on
the use of GPS in verification of the use of technologies.

3. Context

MAF&6s funding of the Carbon Markets Business Oj
that:

e There is a global movement towards land management practises that
have a | ower fAcarbond i mpact;

e |t i s in N2Zévelopisystenes ane ,e¢hsologies which allow
our primary industries to demonstrate improved land management
practises i and hence to allow them to participate in voluntary and
compliance carbon markets;

¢ Both NZ land management businesses and agritech developers face
opportunities in developing technologies and systems which can
advance Al ow carbono practises in NZ.
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This project proposal will assist MAF progress these aims by assisting in the
development of NZ agri-technologies than can verify farm and paddock scale
greenhouse gas mitigation practises.

3.1 Situation

With NzZ6s current liabilities under the Kyoto I
motivation for NZ to develop technologies which can reduce or mitigate Green

House Gas (GHG) reductions from our pastoral agricultural systems (which are

responsible for circa 47% of our total GHG emissions).

Given that our agricultural systems are based upon ruminant animal grazing
pastures outdoors 1 it is not surprising that many of the potential strategies or
technologies to reduce GHG emissions will need to be applied at a farm or
paddock scale.

Currently there are a number of potential mitigation technologies and strategies
being researched. Prospective technologies will need to go through extensive
validation to ensure that they are effective in reducing GHG emissions.

However, even if technologies can be successfully validated, they are unlikely to
be taken up by farmers is their use cannot also be verified. For example - if a
farmer cannot demonstrate that a technology has been used, then MAF cannot
include the benefit from potential GHG reductions in the national inventory T or
provide the farmer with any form of recognition of reduced emissions within the
NZ Emissions Trading Scheme.

3.2 Issues for Farm and Paddock level verification

For farm and paddock scale mitigation technologies i verification is a challenge.
In the case of nitrification inhibitors such as dicyandiamide (DCD), one of the
commercial suppliers has overcome this challenge by ensuring approved
commercial applicators of DCD have GPS capability. With DCD being applied
twice per year by these approved applicators, an independently verifiable record
of 6éproof of placementd is obtained.

Thus, while DCDs represent a GHG mitigation technology that can be both
validated and verified, there are other promising technologies and strategies
that may be more difficult to verify.

For example, there may be technologies / strategies which need to be verified
on a regular basis. In such cases it would be beneficial if the farmer could have
a verification tool (rather than relying on an external contractor). If individual
farmers could verify practises which reduce GHG emissions i then this would
be a powerful incentive for farmers to undertake GHG mitigation.

In addition i there may be new technologies (such as in paddock near Infra-red
measurement of pasture quality) which could assist the management of GHGs,
but would only be a useful mitigation technology when linked to a verification
technology.
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4.

Project methodology

In this project we have:

1.

Reviewed how GPS could verify potential paddock and farm scale GHG
mitigation technologies (Report 17 this report).

Used a workshop to review how GPS could be used as GHG verification and

identified 3 leading cases for GPS based verification technologies (Report 2).

The workshop was attended by:

e Experts in GPS technologies;

e Technical experts in GHG mitigation and GHG inventory;
¢ Policy experts in GHG mitigation and GHG inventory.

Developed a Requirement Specification for potential GPS verification
technologies (Report 3).
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5. GPS verification review

5.1 Introduction to review

The primary objective of this review is to determine how Global Positioning systems
(GPS) could verify potential paddock and farm scale green house gas (GHG)
mitigation technologies. This is to support a project to assist in development of agri-
technologies that will be able to verify farm and paddock scale green house gas
mitigation technologies.

Farmers are more likely to be motivated to make changes to farming practices or
adopt new technologies to reduce their GHG emissions if they can benefit at an
individual level from the reduction rather than at an industry level. To do this the
farmer will need to be able verify their use of valid mitigation technologies at a farm or
paddock scale.

Research is under way both into new mitigation technologies and validation of
currently available technologies i.e. nitrification inhibitors. Some future technologies
may need regular verification of their use on farm. Some systems are available to do
this but a farmer usable verification tool would be highly desirable. This would enable
the farmer to keep the ongoing costs down (compared to using an external consultant
or contractor) and also allow verification in real time.

There are now many civilian applications that are benefiting from GPS signals, using
one or more of three basic components of the GPS: absolute location, relative
movement, and time transfer (online encyclopaedia Wikipedia). This best describes
the potential of GPS to be used as part of a verification tool or management system for
GHG as New Zealand develops better land management practices for a low carbon
economy.

Global Positioning systems are becoming widely used for a range of different
applications that fall into four main categories i surveying, navigation, tracking and
field data collection. The technology is being used in disciplines that range from
forestry, wildlife management, agriculture, mining, urban planning, energy, emergency
response, health and social services.

For this review the focus will be on agriculture although related examples from other
similar industries or uses will be used to support the use of GPS in environmental and
resource management. This review will cover a brief introduction to GPS and how it
works, how accuracy of a GPS is determined, appropriate levels of accuracy required
for specific uses, and examples of potential GPS use for green house gas mitigation
technology verification.

In addition the review will summarise potential issues that need to be clearly
understood when using GPS in the field for verification.
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5.2 Introduction to the Global Positioning System (GPS)

The Global Positioning system (GPS) used worldwide is operated by the US
Department of Defence. It uses a constellation of between 24 and 32 Medium Earth
Orbit satellites that transmit precise radio wave signals, which allow GPS receivers to
determine their current location, the time, and their velocity. Its official name is
NAVSTAR GPS. These satellites circle the earth in orbit constantly transmitting an
identifying signal allowing precise measurement of distance from earth and time.

Lass and Callihan (1993) described this very eloquently by comparing the GPS
process to the principle used when one sees a flash of lightening and then counts the
seconds until the thunder is heard, to determine the viewers distance from the
lightening.

GPS receivers determine positions by using trilateration, the measurement of the
distance from a satellite to a particular position in space. Trilateration refers to the
length of the legs of an imaginary triangle (compared to triangulation which uses the
angles) therefore is based on the travel time of the radio signal between the satellite
and ground receiver (http://www.tech-fag.com/gps.shtml). It uses two known positions
(satellite) to determine the unknown position. The GPS receiver measures the
distance to each GPS satellite by measuring the time each signal took to travel
between the GPS satellite and the GPS receiver.

In brief GPS uses satellite technology to enable a terrestrial receiver to determine its
position on earth in terms of latitude and longitude. Signals from three satellites are
required to determine these two dimensional coordinates. Four satellites are required

to determine a receiverodéds position in three
altitude.

High precision GPS observations with accuracy up to centimetre and even millimetre

can now be achieved effectively for 24 hours
surface.

In summary GPS technology offers many advantages as compared to

conventional survey such as coordinates in the field in real time, centimetre

level accuracy where required, no need for post processing of the data, low

labour system and is independent of weather conditions.
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5.3 GPS Receivers

What is commonly referr éen@lGPSecewesandthey aRP SO i s act
generally be classified into 3 broad categories of surveying, mapping and consumer

grade based predominantly on accuracy. Modern hand-held GPS receivers are

capable of receiving signals from a large number of satellites simultaneously (typically

12 for low-cost receivers), and at short intervals, typically 1 or 2 seconds. Survey

grade receivers sample at a much higher rate, often 20Hz, and derive their greater

accuracy by averaging a large number of positional readings (Bellis 2004).

The first, survey grade, is highly accurate and capable of determining a location to
within 1cm of a true position. These systems are the most expensive and require
expertise to operate successfully. Mapping grade GPS are expected to return
accuracies of 2-5m of true position.

Consumer grade GPS are the |l ow cost hand hel d
$900) that people are finding an increasing number of uses for. Manufacturers of this

level of GPS quote accuracy ranges of 151 20m of true position. In the last 51 10

years they have started to be used more widely in farming and agriculture, for

example, to determine the location of soil sampling sites or transects, paddock area

measurement (yield measurement, sale and purchase of feed), farm mapping (with

mapping software - Tumonz, wheresmycows, MapToaster, Topomap), and pest

control management.

The more accurate GPS receivers have the ability to differentially correct the
coordinate data as well as point averaging of the data (the average of multiple
coordinate readings compared to a single reading). In most cases the consumer grade
GPS does not have these features.
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5.4 GPS Accuracy

GPS accuracy is a complex issue that needs to be well understood to enable the
correct GPS receiver to be used in any situation. This section will outline the different
types of error and potential issues arising but will not go in to the more complex
mathematics.

In both the literature and the commercial field the issue of GPS accuracy is easily
confused as not all authors use the same definitions.

Buick (2002) provides clear definitions and explains the difference between accuracy,
precision and variability. She defines accuracy as a measure of correctness or how
close a position is to truth or a local truth. In addition there are two types; absolute and
relative accuracy.

In practice absolute accuracy is determined using a geodesic survey point or a
differential correction network of known base stations. These provide a local truth point
that can be used each time the GPS is used to navigate back to a previously mapped
feature. Mapping features usually requires good absolute accuracy, as does guidance
in relation to previously mapped features e.g. returning several times in a season to a
precision planted crop (where the operator needs to know exact placement of seed for
future activity i fertiliser placement, weed control etc).

Relative accuracy is that which is accurate relative to a location other than a

surveyed O6truthé. This i s f awindgiicalturewhereit hose usi
i s al so kndompra sassd Gapcacsusr acy . Each pass or swath
relatively accurate to the first pass. It is important to recognise that, for any GPS

receiver, relative accuracy declines over time which means there will be an increasing

reduction in pass-to-pass accuracy with time. The longer a job takes in a paddock

therefore the less accurate the guidance might be resulting in the potential for either

skip or overlap in the field (Buick 2002). This type of accuracy is often reported as 15

or 30 minute pass-to-pass accuracy as an indication of what is needed for a good field

guidance system.

The environment that accuracy is measured in is also critical and needs to be
understood and defined. This means whether the accuracy of the GPS receiver is
measured while it is in a single location over a long period of time (static accuracy) or
while it is mobile (dynamic accuracy).

Static accuracy is usually that quoted by GPS manufacturers as it is the easiest to
measure. A static absolute accuracy can be measured by placing the GPS receiver on
a surveyed location (local truth), the data collected over time and the deviation from
the local truth calculated. By comparison the relative static accuracy is a similar
spread of GPS position data collected over a long time compared to the mean position
rather than a known surveyed location (Buick 2002).

Dynamic accuracy is measured while the GPS is mounted in a moving vehicle
travelling in a perfectly straight line and the deviation from this line is calculated.

Buick (2002) also clarifies two commonly used definitions, variability and precision,
although many authors use these interchangeably. Variability refers to the spread of
GPS position data in space and is quantifiable i.e. variance is a statistical measure.
The repeatability of the data is also a factor of the variability.

Precision is also often used instead of accuracy. Buick (2002) defines precision as

how precisely the GPS position value or data is described i.e. the number of decimal

places used in the data. This results in numerical errors when calculating position data

i.e. a receiver with inadequate precision can result in the position appearing to jump

several metres at a time. Low cost GPS often u:
of fé6 can make it appear that they give a more ¢
are O6clumpeddé together.
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The precision of the GPS receiver is important in giving the user the accuracy
required.

An understanding of accuracy in relation to GPS use is critical as in agriculture the
GPS is used on vehicles, in paddocks, and over time so all aspects become important.
However there is very little reported research where the accuracy of the GPS
technology or the errors have been assessed under field conditions.

Wing et al. (2005) tested consumer grade GPS receivers in a variety of landscapes
(open sky, young forest and closed canopy conifer forest) for positional accuracy. The
top performing receivers gave positions within 5m of true position in open sky, 7m in
young forest and 10m under closed canopy. Wing and Eklund (2007) also examined
the relative vertical accuracy of consumer grade GPS units and found the average
vertical errors were 7m or less (range 3m i 16m).

Jhoty et al. (2002) reported GPS accuracy to 2t
specification of 15m when harvesting sugar cane.

When assessing area measurement by GPS, Webster and Cardina (1997) showed
that the size of the area measured with the GPS was the primary factor influencing the
relative accuracy of the GPS estimate of area. They measured a 500m? (3-6% error)
compared to a 5m? area (14-32% error). Put simply, the accuracy of the measured
area increased with the size of the area (see Figure 1: extracted from Webster and

Cardina (1997).

§2 - y={AT7)(28.2 + )
' rF=0,92

Error of area measurements (%)
L0

0 100 200 300 400 500 6C0

Area of patch (m?)

Figure 1. The relationship between the GPS error in measurement of the area
of various sized paiches,

Yule (1999), in New Zealand conditions, showed that the use of a DGPS guidance
system on a fertiliser spreader showed improved driver performance i.e. 96% of all
positions measured were within 1m and 61% were within 0.5m of their required
position.

Ellis et al. (2001) compared low cost GPS receivers (Garmin lll Plus and a GPS76)
with a DGPS unit (Ag Leader Add-On 3100 DGPS) and showed they produced a yield
map of similar accuracy (average relative accuracy between Ag Leader and Garmin I
Plus of 2.97m).
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In animal monitoring studies using GPS collars in Australia researchers have shown
that the GPS units only lost 3.68% of the data (six collars recorded more than 1.2
million positions over 3.65 days). This data loss was due to loss of GPS lock (loss of
satellite) and ranged between 2.2 and 5.8%. They also measured the data removed
due to erroneous GPS position and this was very low at less than 0.1% (range 0.04 to
0.23%) (Swain et al. 2008).

It seems to have become accepted that the GPS units available are accurate enough
for use in research (Johnson and Wolf). Auernhammer (1999) stated that GPS
technology will provide the required accuracy and will continue to improve.

Finally it must be remembered that traditional mapping processes also have errors.
These occur throughout the process, from the initial surveying through the actual
drawing and reproduction of the maps. As an example, Hunter and Goodchild (1995)
describe evaluating vertical errors and assign a relative precision of +/- 7m to
elevations once recorded on a map. Fisher (1989) also examined mapping errors to
suggest that a map with a resolution of 1:10000 would have an error of +/-15m.

5.5 GPS usein Research

GPS technology has rapidly become the standard tool used in a wide range of
research where specific position data is required. Deichmann and Wood (2001) state
that most field surveys use GPS to obtain the location of sample points, (e.g. plots or
households) which enables integration with other geographic data.

In New Zealand the focus has been on precision application of fertiliser, both by air
and ground spreading, using GPS. This work is briefly summarised in Gillingham
(2001).

Clark et al. (2006) used GPS to define the position of pasture sampling sites in New
Zealand work verifying satellite stuff for pasture growth. Moir et al. (2006) used GPS
and GIS to quantify the spatial distribution and area coverage of urine patches
deposited by grazing animals.

Very little research has been done to define any standards that may be required
specific to the end use, for example, in agriculture. This will be partly due to the speed
of the developments in this technology and the changing environment that it has been
used in.

Much of the work that was done in the 1990s was based on using high cost systems
(differential GPS) that required costly correction to meet the required accuracy. Up
until the removal of selective availability (SA) in 2000 no GPS could achieve better
than 100m accuracy without differential correction techniques (Shannon et al 2002).
Therefore from 2000 onwards the potential uses for GPS increased as did investment
in low cost GPS receivers that made the technology more widely available.

Research using GPS technology in the field ranges widely from natural resource
management, mining, weed and pest management, and forestry to precision
agriculture. In all these fields the requirements for the science and the level of
accuracy all differ, as well as the GPS receiver used, the way the results are analysed
or reported. All of which makes it dangerous to compare the results. Research results
are specific to the GPS receiver and also to when and where they were done, relating
to which satellites, signal type, pre or post SA removal and so on. In addition because
of the rapid changes in GPS technology, including improved unit accuracy, the results
may not be relevant.

To date there has been no work done in NZ comparing low cost GPS receivers or the
GPS systems available for precision agriculture.

Report prepared for MAF Policy June 2009
Using GPS to verify GHG mitigations i Part 1 10



5.6 GPS and the Environment

The potential for GPS and GIS technology to be used in the future for environmental
and resource management was recognised early in the development of the technology
and its use in agriculture.

Much of the available research about GPS is based around controlled application of a
product (amount, time, and place) using precision agriculture techniques, for example
Gillingham (2001).These include fertiliser application (nitrogen and phosphorus),
effluent management and pesticide and herbicide placement (Gavric and Martinov,
2007)

Nath et al. (1999) were working on the application of geographical information systems
(GIS) for spatial decision support in aquaculture and discussed how GPS technology
has aided the spatial accuracy of ground truthing and field verification, removing the
need to use costly surveying techniques. Similar results have been found in forestry
surveying and weed mapping (Webster and Cardina 1997, Lass and Callihan 1993).

Lucas (1995) recognised that GPS was critical to precision agriculture and would be
important in environmental friendly farming practices.

Lowenburg 1 DeBoer (1999) and Auernhammer (1999) raised the potential for the use

of 6as appliedd maps or site specific avoidance
with regard to food safety and environmental damage cases. Lowenburg i DeBoer

(1999) also outlined the potential for use of as applied maps in risk management to

reduce the probability of low yields and returns associated with problem areas and to

manage liability (trace back).

McBratney et al. (2005) discussed the importance of GPS use in environmental
auditing for countries such as New Zealand where the majority of our agricultural
produce is marketed overseas. He also noted there would be a need for development
of tools on farm to initiate the process.

Work in the Netherlands showed that using GPS controlled application of organic dairy
manure (i.e. permanent tracks from year to year) improved soil structure and reduced
manure requirement by up to 65% while still maintaining spinach crop yield
(Koopmans and Zanen, 2005).
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5.7 Mitigation technologies

This section will briefly describe mitigation technologies for agriculture to set the scene
to understand the type of specifications that may be required for international and
national audit purposes.

Mitigation options available focus on three main categories based on the underlying
mechanisms as outlined in Smith et al. (2007):

Reducing emissions
Enhancing removals (carbon sequestration or carbon sinks)

Avoiding or displacing emissions i e.g. use of bio-fuels where the net use of
carbon is lower than using fossil fuels

The mitigation technologies that have been identified as agriculturally important in an
international sense can be grouped in to four main areas:

agronomy and pasture management,
nutrient management,
cultivation and crop residue management

and water management.

The practices used often have both positive and negative effects on emissions so it is
the net effect that is important. This needs to be taken into consideration in the
validation process for any new mitigation technology.

5.7.1 Agronomy and pasture management

Improved agronomic practices on farm include:

the use of improved cultivars (i.e. more productive, higher quality, lower
fertility requirement and/or higher water use efficiency)

extending the length of time a crop is in the ground as perennial crops
allocate more carbon below the ground

avoid or reduce the use of fallow or bare ground

development of cropping and pasture systems with reduced reliance on
fertiliser, pesticides and other inputs (this reduces the GHG emissions
associated with production of these inputs)

increased use of legume crops to utilise the nitrogen fixation potential

growing catch crops between successive crops, tree crops or vines to
increase soil carbon and maybe utilise the plant available nitrogen unused by
a previous crop thereby reducing potential N,O emissions

These practices have several purposes. Some reduce the output of greenhouse
gases per unit of production (e.g. improved cultivars). Others reduce absolute
output (e.g. increased use of legumes), and some potentially increase carbon
sequestration (e.g. using perennial crops). The potential for GPS use in this
arena is relatively limited, though records of areas under different managements
may provide some data for whole farm inventory.

5.7.2 Nutrient management

This is an area critical to New Zealand farming systems due to the increasing
number of intensive dairy farms and increased use of nitrogen fertiliser on these
and other farm systems (sheep, beef and deer, cropping and horticulture). The
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nutrients applied are not always efficiently used by plants and this includes the
nutrients in fertiliser, effluent, bio-solids or waste (dairy factory or freezing works)
applied to pastures. Therefore the potential on farm is to increase nitrogen use
efficiency and reduce leaching or gaseous losses from the system.

In practice this means
- application rates should be based on crop requirements (nutrient budgeting)

- use of slow or controlled release fertiliser. Products are increasingly
becoming available (etc)

- use of nitrification inhibitors (eco N, DCN, Sustain)

- improved timing of nitrogen application when the soil and weather conditions
mean less susceptibility to losses due to leaching or volatilisation

- precise application of fertiliser, N and P, to the root zone to reduce potential
losses

- avoid excess nitrogen application

- timing and rate of dairy shed effluent should be optimised to avoid
waterlogging and high nitrogen application rates

This is an area where there is a lot of potential for GPS technologies to have a
role in managing and recording greenhouse gas mitigations. These extend from
fertiliser and effluent placement and timing relative to weather and soll
conditions to the application of nitrification inhibitor technologies, as well as the
documentation of types of fertiliser.

5.7.3  Cultivation and crop residue management

Cultivation increases soil carbon loss as well as contributing to CO, emissions
from energy use.

- minimum cultivation and direct drilling technologies are widely used and
reduce soil carbon loss

- maintaining crop residues will also increase soil carbon

Again this area has relatively little potential for GPS, apart from paddock
identification for inventory purposes, along with a record of paddock history.

5.7.4 Water management

- Effective irrigation management can increase pasture productivity potentially
increasing soil carbon levels. This may be offset by the energy required to
deliver the water. N,O emissions may also increase with the increased soil
moisture as well as from the increased fertiliser use in a more productive
system.

- Increased drainage can increase productivity increasing soil carbon however
NZ research shows increased loss of N through leaching in soils with mole or
tile drains (Monaghan et al. 2008).

Irrigation management is one area where GPS technologies may be extended
as providing the right amount of water, not too much and not too little, can help
reduce NO, emissions (de Klein and Eckard 2008). Therefore the use of GPS to
track irrigators, accompanied by soil moisture data could help in on farm
mitigation. This may also be the case for effluent irrigators.
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5.8

Drainage systems may be identified by GPS tracks for the purpose of whole
farm inventory, as improving drainage will reduce the time that soils are
saturated and prone to increased NO, emissions.

Not all of the available mitigation technologies will require field verification or

O6propfaoémentd, and not all will require

Using GPS technology for verification of GHG mitigation
technologies in NZ

The use of GPS technology will help to verify GHG mitigation technologies. The
specific role and accuracy of the GPS may vary depending on the type of mitigation.
Some guidelines have been specified for some purposes within the Government
climate change and forestry policy. For example, the Permanent Forest Sink Initiative
(MAF) already specifies mapping accuracy standard of no less than +/- 10 metres for
recording of boundaries of those forest sinks, (http://www.maf.govt.nz/forestry/pfsi/pfsi-
guidelines/page-04.htm) and includes the use of GPS to gain those mapping points.

The role of GPS must be considered and several specifications may be needed,
depending on the technology and the accuracy of recording required. The associated
systems of data capture, permanent recording and transfer for audit purposes may
also need consideration before GPS technologies can be used as verification tools.

5.8.1 What is the role of the GPS?

The primary role for GPS is in mapping. The primary outputs from GPS units are
a time stamp and a o6proof of pthaseo.
boundaries, as in the case of the Permanent Forest Sink Initiative, or may be
tracks such as effluent placement or nitrification inhibitor placement. Each one of
these has a different requirement.

A boundary line around an area may be relatively less accurate, as it can often
be corrected using conventional surveying, or aerial mapping, so is relatively
easy to truth. The accuracy of the points, when translated into areas becomes
high (below 3% over 500m?; Webster and Cardina 1997) when areas are
relatively large and therefore easily meeting the requirements of the auditor.

Effluent placement may only need to be tracked to know that there is no overlap
between applications and that it is applied at a specific time. Nitrification inhibitor
application may need to show no untreated areas, that it was applied to a
specific area or percentage of the paddock, and at a specific time.

Often other measurements or data needs to be recorded at the same time. For
application technologies, such as effluent, nitrification inhibitors, nitrogen
fertiliser or irrigation water, the application rate of the product may also be
required, and sometimes the amount already in the soil (soil moisture content for
example) may also need to be known or recorded for the full effect of GHG
mitigation to be calculated.

A GPS unit can provide proof of location, within some level of error, a time and
date stamp, and may be married with other sensors and technologies to
estimate the placement of product relative to the position of the GPS unit.

5.8.2 Some considerations for GPS verification

Errors and their interaction with the GPS use, which have discussed before,
need to be assessed before final specifications can be stipulated. When using
GPS technologies to apply product then some consideration needs to be made
of errors that may arise due to factors such as pass to pass accuracy. This may
then limit either the use of GPS for some applications or have a more lenient
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specification applied if no other technology can provide a better form of data
capture.

Some research may be required to finalise the precision required and the
interaction between the GPS and the technologies for factors such as pass to
pass accuracy. This would then enable specifications to be developed for
moving as well as stationary applications for GPS.

Consistency between GPS systems may also need to be considered to ensure
that specifications were able to be applied evenly across the industry.

Finally, variations at any point in time may also need to be considered. GPS

specifications may need to include sample rate and the number of satellites

needed or present when records are made. Some of these factors, such as

number of satellites, may vary from time to time and this may need to be

specified when recording, and some provision made when it cannot be avoided.
Provision may also need to be made to specif
readings.
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6. Appendix 1. GLOSSARY

- From: Wikipedia, Kondinin Group

A-B line: - Used in agricultural operations e.g. spraying fertilising etc. The line initially
set by the operator to which all following lines relate i in parallel at a distance of one
pass width apart

Absolute accuracy: - This refers to how close the measured position is to the actual
position

Correction signals:- i hertz, rtk, dgps, e-diff correction, WAAS (USA only)

DGPS: - Differential GPS receivers uses raw GPS signals and apply a correction
signal to increase the accuracy of the indicated position

Dilution of precision (DOP): - The level of reduction of repeatability for a receiver.
Higher DOP values indicate lower repeatability

Georeferenced data define objects that have orientation and relationship in two or
three dimensional spaces.

GIS: - Geographic Information systems is a computer based system for storing,
checking, manipulating, analyzing and displaying data which are spatially referenced
to earth i.e. geographically corrected.

GPS receiver: - land based unit, commonly referred to as the GPS.

GPS: - Global Positioning System is a computer based radio transmitting and
receiving system, operated by the US Department of Defence and with free civilian
access

NMEA: i National Maritime Electronics Association developed the standard for
positional data output. Most units output NMEA data which can be interpreted by most
other systems that utilise GPS data

NSSDA: - National Standard for Spatial Data Accuracy (Federal Geographic data
Committee 1998). This is a system designed to provide a unified approach for
assessing the accuracy of digital geospatial data independent of measurement scale.
This uses the root mean squared error from measurements * constant’ to produce a
95% confidence interval level for predicted measurement accuracies.

!(constant = 1.7308 for error distance calculated in two dimensions (x and y) or 1.96
for single dimension error measurements)

Pass to pass accuracy : - How close the unit guides the machine to the required path
relative to the previous pass within a specified time frame (A commonly specified
timeframe is 15 minute pass to pass accuracy)

Real Time Kinematic (RTK) satellite navigation is a technique used in land survey
and in hydrographic survey based on the use of carrier phase measurements of the
GPS, GLONASS and/or Galileo signals where a single reference station provides the
real-time corrections of even to a centimetre level of accuracy. When referring to GPS
in particular, the system is also commonly referred to as Carrier-Phase
Enhancement, CPGPS.

Route: - A route is a preset series of points that make up a set route to follow for your
destination. Most software allows the route and the track to be displayed at the same
time.

Selective Availability (SA): - This is often referred to in any GPS documentation and
refers to an intentional source of error (about 100m) in the GPS system introduced by
the US Department of Defence to prevent illegal use of the system. This was removed
in 2000 and as a result GPS accuracy has improved considerably.
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Track: - A track is a trace of somewhere that you have actually been (often called a
"breadcrumb trail"). The GPS unit (external or internal) periodically sends details of the
location which are recorded by the software, either by taking a reading based on a set
time interval, based on a set distance, based on a change in direction by more than a
certain angle, or a combination of these. Each point is stored together with its date and
time. The resulting track can be displayed as a series of the recorded points or a line
connecting them. Retracing your steps is a simple matter of following the track back to
the source.

WAAS: - Wide area augmentation service, a source of correction built in to some GPS
receivers but only usable in the USA

Waypoint: - Waypoints are used to mark particular locations, typically used as
markers along the "way" to somewhere. They are either key entered by users or
downloaded from other sources, depending upon the sophistication of the device.
Although not linked to tracks or routes, they can be used to simplify the construction of
routes, by being able to be re-used. Frequently, waypoints serve a "safety" purpose,
enabling a route to be taken around obstacles such as shallow water (marine
navigation) or streams/cliffs/other hazards which may prevent a safe passage directly
from point "A" to point "B".
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7. Appendix 2: Potential uses for GPS in agriculture
(Auernhammer 1999)
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