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Making and 
interpreting  maps for 
Precision Agriculture
In Australia, yield monitors are now standard on many new makes of combine harvester. Instruments that gather data about soil properties and other crop attributes are also widely used. Coupling these monitoring systems with Global Navigation Satellite System (GNSS) technology allows growers to gather location information with their data. However, to make decisions from this information the data needs to be presented in a form that is easy to interpret. Making continuous surface maps helps interpretation by visually displaying patterns of variability in the data. However, if yield, soil or other production maps are incorrectly constructed and/or displayed then making decisions from them may be difficult, or incorrect. There are many options for making and displaying data.
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PA Education and Training Modules for the Grains Industry

These education and training modules have been designed to provide information on the major topics considered relevant to adopting Precision Agriculture (PA) in the Australian grains industry. They are a resource for individual education, for use in developing training workshops or combining with established training materials. Each module focuses on a particular PA subject area and is delivered in up to four sections: 

· basic information - an overview of the important topics in the subject;

· advanced information - a more comprehensive treatment of the subject including expanded detail on the important topics;

· FAQ - common questions, exercises and handy tips; and

· supplementary information and archive - reference material to provide further detail or background knowledge if required.

Individuals can delve to the level of detail they require from each module. Training coordinators can choose the combination of subjects, specific topics and appropriate level of information in each to suit the knowledge of the trainees and the specific goal of a training program. The material in the Basic, Advanced and FAQ sections is provided in ‘open access’ form.  The text, figures and tables can be extracted and used in other presentation formats.  

The modules include some information previously published in the GRDC PA Manual (2006) and also some authorised third party material is included in the supplementary and archive sections. Original references are included for these where necessary and should be used if the material is reproduced or displayed. 

The general reference for the modules is:
PA Education and Training Modules for the Grains Industry.
Produced by Brett Whelan and James Taylor

Australian Centre for Precision Agriculture, University of Sydney 

for the Grains Research and Development Corporation

(2010).

DISCLAIMER

This publication has been prepared in good faith on the basis of information available at the date of publication without any independent verification. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture do not guarantee or warrant the accuracy, reliability, completeness of currency of the information in this publication nor its usefulness in achieving any purpose.

Readers are responsible for assessing the relevance and accuracy of the content of this publication. The Grains Research and Development Corporation and the Australian Centre for Precision Agriculture will not be liable for any loss, damage, cost or expense incurred or arising by reason of any person using or relying on the information in this publication.

Products may be identified by proprietary or trade names to help readers identify particular types of products but this is not, and is not intended to be, an endorsement or recommendation of any product or manufacturer referred to. Other products may perform as well or better than those specifically referred to.
Basic information - key points

· Precision agriculture (PA) data that is collected to map variation in aspects of farm production can be either ‘point’ or ‘raster’ data. Point data consists of individual measurements with their own location information attached (e.g. yield monitor data). Raster data has measurements allocated to a single cell in a grid of cells covering an area of interest (e.g. satellite imagery).
· It is important to put as much effort as possible into gathering good quality data and to use the available software tools to filter out any ‘bad’ data before making a map. 
· There are a number of ways to make maps from raw PA data. The type of data and the method with which it was collected should determine the mapping method used. 
· It is important to understand and use the full capabilities of a software mapping package. Do not just settle for default settings every time.

· Highly accurate point data can be displayed as point or grid maps if the number of points is large. 
· Surface maps are best for the majority of point data gathered in PA operations.
· All good PA maps have a legend that explains the meaning of the map symbols, colours or shades. It also displays the physical scale and the orientation of the mapped area.

· Natural variation is usually seen as an irregular pattern with gradual changes between different levels.

· Linear patterns reflect management operations (e.g. old fence lines, sowing/fertiliser/pesticide application problems and machinery errors) or the effect of underlying infrastructure (e.g. utility easements).

· Irregular patterns that display abrupt changes are often the result of management operations (e.g. chemical spray drift) or sharp topography changes.

Making maps from PA data
The process of making geographical maps is known as cartography. In PA there are two general types of geographical maps that are common:

· reference maps – these use general information about boundaries, natural phenomena and infrastructure to provide a relative point of reference to activities. An example would be a map using an aerial photograph with farm boundaries overlayed; and
· thematic maps – these display information about a single theme in relation to a specific area. An example would be a crop yield map for a field or farm.

This module will concentrate on creating thematic maps from PA data files to represent how an attribute of interest may be changing over a field or farm. Thematic maps used in PA can be made using two distinct types of data:

· point data – datasets that match a measured value of some attribute at a specific point in a field with information about where the measurement was made. A sensor provides the measured value and a global navigation satellite system (GNSS) provides the location coordinates. An example would be data supplied by a crop yield monitor; or
· raster data – datasets that provide a measured value of some attribute from each cell or pixel in a grid of pixels covering the area of interest. The location information is based on the ordering of the pixels. An example would be a satellite image of a crop in a field.
Point-based maps
Data quality
Making point-based maps is a relatively simple process, but it is important to remember that such a field map is a representation of individual data points gathered across the field. Before beginning the mapping process, it is important to establish that the data is accurate and sufficiently detailed. 

If the data has been gathered and/or stored inaccurately, then the map will be inaccurate. An inaccurate map may lead to poor management decisions. In the case of yield maps, they are the culmination of a seasons’ work and you cannot re-harvest a paddock. Attention must be paid to the whole data gathering and storage process. Other monitoring operations such as soil conductivity surveys can be done again, but at a cost of money and time. 
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Remember:
with all crop and soil monitoring it is important to take time to gather the best quality data possible. 
Check raw data files
Ideally all raw data files should be checked prior to making a map. Values that are obviously too high or low should be removed. The thresholds will depend on what is being measured, but in almost all cases, zero/negative values and those considered excessively high for the location should be investigated for removal. It is also possible that due to errors in GNSS operation, some values are matched with location information that is obviously wrong, and these should be removed. For many types of data these steps can be done in a spreadsheet program by plotting the data using the location information, and exploring the maximum and minimums of the data. 

Crop yield monitoring systems often automate this process in the software used to read the files from the harvester storage media. Each system allows a different degree of control over what information can be used to identify ‘bad’ data and the level of any cut-off parameters. It is important that these features be used where present. All the advanced level PA data processing software allow users such control.
Presenting the data
Maps are the easiest way to grasp the amount of variability in a measured property, and how it changes over fields. Data gathered at individual points across a landscape looks like Figure 1 when in its raw form. In this crop yield example, each point has information about its location and a yield value.
(a)







(b)
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Figure 1: An example of raw crop yield point data following basic cleaning (a) and a close-up of a section of the field (b).

Dot map
In many mapping software programs it is possible to allocate the measured values of a property at each location into categories and give each category a different colour. This produces a dot map, such as the example in figure 2.
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Figure 2: A dot map created by colouring raw point data in 10 categories.
Grid map
The point data can also be made into a simple grid or raster map (Figure 3). The area around each data point is shaped into a square that butts up against its neighbours. The squares are filled with the colour representing the value of the measured property. In this way, all the white space between the points is removed.
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Figure 3: A grid map created from raw point data in 10 categories.
These two maps provide essentially the same information. The raw information has just been allocated into 10 categories based on the yield value at each point. Any irregularities from the data sampling or measurement process that remain in the raw data after cleaning will be present in these maps. 
To present the most accurate picture of the variability as it is in the field, it is important that the processes involved in collecting the data are understood. When sampling and measuring a property with a simple and accurate analysis, such as taking crop or soil samples by stopping at a point every few metres, the maps above may well be a good representation. 
On the other hand if the point to point accuracy of the measurements is questionable then a smoothed surface map may be more appropriate. Crop yield data is a good example of such a case as it is gathered by a large, travelling vehicle using threshing, augering and elevator processes to deliver grain samples to a sensor near the grain bin for measurement each second. A harvester travelling at 6.5 km/h will cover 1.8 metres per second. With a 10.7m front (35ft) in a 3.5 t/ha wheat crop, the yield sensor is measuring on average 6.5 kg grain each second. While the sensors are accurate at this level, just where the grain came from along the harvest path is not so easy to determine over these short distances. Research has shown that the harvesting process can result in grain being mixed together over distances of 20 metres.  
Surface map
In a surface map, neighbouring measurements of a property are blended together to create a smoother transition between each point. This results in the removal of the sharp distinction between measurement points seen in the dot and raster maps.
As can be seen from Figures 1 and 2, the data from most PA sensors is gathered at irregular distances along operational paths that may also be unevenly spaced. Variations in vehicle speed and driving accuracy are the main contributors to these irregularities. To overcome this, surface maps are created using spatial prediction processes. These processes generally work by laying a fine grid of new location points over the raw data and then ‘predicting’ a value at each grid point using the raw data in a defined area surrounding the grid point (Figure 4). 
The values at the new points are then allocated to yield categories and areas of similar value filled with the same colour. This whole process is performed in the background in most software mapping packages when users ask for a ‘contour’ or ‘spatial’ map.
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Figure 4: The general process of spatial prediction used to make a smooth surface map.
The common prediction methods used in PA are listed here from the simple to the more mathematically complex:
· moving average;
· inverse distance; and
· kriging.
Figure 5 is an example of a surface map from the raw crop yield data in Figure 1. Figure 6 is an illustration of what the stages in making a surface map look like, using raw crop yield data.
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Figure 5: A surface map of crop yield.
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Figure 6: The spatial prediction process: (a) raw crop yield data; (b) raw crop yield data and a grid of prediction points; (c) predicted crop yield values on the grid of prediction points; and (d) an ‘area filled’ surface map. Note a temporary road bisects the data.
Raster-based maps
Raster maps are usually produced from imagery gathered from satellites or aeroplanes. Unlike the data gathered by point-based sensors, the imagery data is gathered on a cell-basis to create a complete coverage of the area of interest. These cells are the smallest area of measurement in an image and are known as pixels (from the combination of ‘picture’ and ‘element’). Each pixel represents a single data value and no spatial prediction is usually required. This arrangement is shown in Figure 7.
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Figure 7: Raw raster data provided by a Landsat satellite image: (a) the farm scale (b) the field scale (c) close-up within the field showing the 25 metre pixels, which are the smallest area of measurement in the Landsat data. 

Of course these pixels can be assigned to a colour scale just like the point-based data to produce a similar thematic map (Figure 8). These maps look similar to the grid maps produced using the point data in Figure 3.
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Figure 8: A raster map produced by applying a colour scale to the Landsat data in Fig. 7.

The legend
Irrespective of the type of data a map is based upon, all good maps must have a legend. A map legend explains the meaning of the map symbols, colours, distance, scale and orientation. 

Choosing the colour scale
The choice of colour scale is ultimately a personal decision. However, making certain colour scales standard for maps of common crop and soil properties is useful. Such standardisation helps people quickly understand what is ‘high’ and ‘low’ in a map. This improves interpretation and reduces confusion in discussions about these maps.
The most common map encountered is a crop yield map and there is a standard colour scale that has been proposed for use in Australia. This is the ‘rainbow’ colour scheme (Figure 9) and the vast majority of software mapping programs include this scale, where red is ‘low’ and blue /violet is ‘high’ 
It is common for the ‘rainbow’ scale to be used for other crop related properties such as biomass, reflectance indices and protein content. Using this scale for maps of crop properties is recommended.
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Figure 9: The ‘rainbow colour scheme that is commonly applied to crop related maps.

While this scale could be used for all PA maps, it is usual and preferred for non-crop related maps to use a different colour scale. This enables quick distinction to be made between cropping and other maps (Figure 10). 
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Figure 10: An example of a series of maps for a single paddock showing the use of different colour schemes for (a) yield, (b) elevation and (c) soil conductivity.
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Above all, a consistency in colour scales across map sets should be maintained over farms and seasons.
Choosing the number of categories
The number of categories into which the data range is broken effects how variable or busy a map looks - too small a number and the variation in a map is flattened, too large and the variation is exaggerated (Figure 11). As a general rule for mapping variation in crop and soil properties, five to 10 categories would cover most uses in PA.

The main idea is to make sure that the changes in the scale reflect an important change in the property being mapped. For example, changing colours as crop yield increases by 0.1t/ha would usually be considered as exaggerating the variability from a fertiliser management perspective.
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Figure 11: The number of categories in the colour scale affect the variability seen in a map: (a) 3 categories; (b) 5 categories; (c) 7 categories; and (d) 10 categories.
The distance scale and orientation indicator

All maps should include some indicator that allows a viewer to establish the physical scale of the area being mapped. This is usually done by including a distance scale bar as in Figure 12, but may also be achieved by including a Cartesian coordinate frame as in Figure 13.
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Figure 12: A distance scale bar used to establish the physical scale of the mapped area.
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Figure 13: To provide information on the physical scale of the area being mapped a Cartesian coordinate frame may be included instead of a distance scale. A Cartesian coordinate system uses distance and not degrees.
All software mapping programs should display maps with ‘north’ represented by the top of the screen or page, but to remove potential confusion amongst viewers of a map, a ‘north arrow’ or indicator of the direction of the cardinal points should be provided.
General rules for interpreting PA data maps 
· Natural variation usually appears as an irregular pattern. Any large changes have a reasonable gradation between the different levels.

· Linear patterns are not usually the result of natural processes. In nearly all cases they reflect management operations (e.g. old fence lines, sowing/fertiliser/pesticide application problems and machinery errors) or the effect of underlying infrastructure (pipes etc.).

· Irregular patterns that display abrupt changes are often the result of management operations (e.g. chemical spray drift) or sharp topography changes.
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Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data























Raw Data

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA predic































































































































































































































































































































































































































































































































































































































































































































































































Raw Data





A prediction point on the new grid





Grid of new points





































































































































































































































































































































































































































































































































































































































































































































































































ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















Raw DaA prediction point on the new grid





ta

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Raw Data





A prediction point on the new grid





Grid of new points





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PA Training for the Grains Industry           
[image: image29.jpg]         
Module F - Basic
PAGE  
PA Training for the Grains Industry 
[image: image27.jpg] 
Module F - Basic
  

[image: image34.jpg]


[image: image35.jpg]2004_whest




