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1 introduction

This Unit is all about working with a map and a compass. It covers the basics of how to use a compass, how to use a compass with a base map and how to design and conduct a compass traverse. 

A compass traverse may be used to map a small area accurately or to conduct an open-ended traverse. A traverse is often used in mapping for resource inventories. A compass traverse is time-consuming, so it is a method used for making scale maps of relatively small areas. 

It is a relatively simple step-by-step process to measure bearings and distances on the ground and then draw them to scale. This process therefore offers a hands-on way to clearly see and work with the basic elements of scale maps – the relationship between scale, distance and direction.
2 Using a compass
2.1 About Compasses
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A compass is a tool to measure the azimuth, or the degrees of angle from magnetic north. A typical compass contains a magnetised needle mounted so that it can respond freely to the Earth’s magnetism. Using a compass is a quick and accurate means of establishing direction because the needle aligns itself with the magnetic field of the Earth so that the coloured (usually red or black) or pointed end of the needle points toward magnetic north. A compass always measures direction using a 360o circle of angles. 

2.2 Magnetic Declination

To use a compass with a base map, it is essential to be able to adjust the magnetic declination on the compass. In the legend of the topographic map, there is an arrow that tells you the difference in angle between magnetic north, grid north and true north for the year the map was made. It also tells how many minutes the declination has changed every year since the map was made and whether the change in angle is east, west or north. Calculate the declination and then adjust your compass according to the instruction sheet for that model of compass. 

2.3 Local Attraction

The magnetic needle of a compass is sensitive to many metallic or magnetic items. The compass needle can be deflected by electric cables, cars, guns, flashlights, screwdrivers, knives and metallic mineral deposits in the ground. Don’t use a compass within 3 m of a wire fence or a vehicle because it may affect the accuracy. If you are carrying a gun or machete, it may be sufficient to put it on the ground behind you, but if you notice that it is still affecting the compass (if your bearings seem to be off), then move it 3 m away. 
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Taking a Bearing

Hold the compass flat with a straight arm and point the compass sight in the direction of the object. Depending on the type of compass, you may read the bearing directly through the compass sight. If it is a baseplate compass, turn the compass dial until the arrow in the capsule aligns with the magnetic needle. Lower the compass and read the bearing on the dial. 
3 Using a compass with a map

3.1 Plotting a Bearing on the Map

In this case, the magnetic needle can be ignored because the compass is being used like a protractor. First, set the bearing on the compass. Then put a long edge of the compass on a known point on the map – the point where the bearing was taken from. Then pivot the whole compass around this point until the lines on the capsule base align with a north line on the map. You can now draw in the bearing. 
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3.2 Taking a Bearing from the Map

Place the compass on the map with one side of the base plate making a line between two points. Turn the compass dial until the parallel lines in the capsule are parallel with the north lines. Make sure the north lines on the compass capsule point towards the north end (top) of the map. Read the bearing at the tick on the compass dial and record it. 
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3.3 Finding Your Location with Triangulation

When using a compass with a base map, you can determine a location by taking bearings to or from two or more known points. You don’t need to measure the distance. 

Resection: Stand where you can see two landmarks that you can identify on the map (e.g. A and B) and take bearings. Plot the bearings and the location is where the lines cross at C. 
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When standing on a linear feature (such as a road or river), only one bearing is needed. Once that bearing is plotted, the point is located where the line crosses the river or road. 
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Intersection: This is the opposite of resection. Take a bearing from a location that is identifiable on the map (e.g. a mountain peak) to an object of interest that is not shown on the base map. Then walk to another location that is identifiable on the map and sight the compass to the same object of interest. This technique could be used while doing a compass survey. 
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Triangulation: Whether you are taking two bearings from one unknown location to two known locations (resection) or from two known locations to an unknown location (intersection), a third bearing can be used to verify the first two. After plotting the three bearings, the lines will not usually cross at exactly one point, but rather they will form a triangle. Consider the position to be at the centre of the triangle.  
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4 cOMPASS SURVEY or traverse

To do a compass traverse, follow a simple step-by-step procedure to map a walking route by measuring the bearing and distance for each short leg of the route. These measurements allow you to draw the route accurately on paper. By measuring and recording the location of features of interest along the way (e.g. houses, gravesites, fields, rivers and walking paths), you can draw them to make a map. 

A compass traverse is useful for: 

· mapping small areas (e.g. 10 or fewer hectares) to measure the area;
· mapping in a lot of detail, such as a village settlement area; 

· learning the basic principles of scale mapping in a hands-on way. 
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Measuring Direction

Direction is measured using a compass. For a traverse, compass bearings are taken to your partner, who stands at a specified place called a station rather than at a natural landmark. 

4.2 Measuring Distance

There are many tools for measuring distance. In a compass traverse, you measure the distance in a straight line, only as far as the eye can see; that is because you are taking a compass bearing at the same time. If the terrain has any slope, the distance measurements must be flattened in order to draw an accurate map. 
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You can measure the horizontal distance in the field by measuring sloping terrain in steps. Hold the tape horizontally regardless of the slope of the land. The person upslope might be holding it at his or her feet. On steep slopes, you have to measure in short lengths.
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4.3 Measuring Slope

Another way to know the horizontal distance is to measure along the slope (i.e. the slope distance), measure the angle of the slope and  then calculate the horizontal distance. The slope angle is measured in the field. The calculation is done when plotting the distance and bearings on paper. There are several tools for measuring slope in the field. 
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Measuring slope with a clinometer: A clinometer is a device that you sight through and read off the numbers. Most clinometers give the slope in both degrees and slope. 
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Estimating slope with a compass: Some compasses have a slope needle. This tool is less accurate (about +/- 10o) than a clinometer. To estimate slope with a compass:
· set the compass to west;
· hold the compass with the straight edge parallel to the slope. Eyeball this, or line it up with the metre tape;
· look for the small numbers inside the dial. The slope needle hangs at 0o when the compass is held horizontally. When the compass is sloping in either direction, the needle points at higher numbers – the steeper the slope, the higher the number.
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Estimating slope with a protractor:  A protractor and ruler may also be used to estimate slope. Line up the protractor with 90o at the top. Then place a ruler or another straight edge in line with the slope. This can be awkward because it requires handling two separate pieces. 
Estimating slope with a handmade clinometer: See the Exercise in this Unit about making a handmade clinometer.
4.4 Selecting a Starting Point 

Carefully select the place to start the traverse. It should be a place that can be marked and described precisely so that a person can find the exact place again. It should be marked permanently by some recognizable feature. Ideally, it should be found on a topographic map so that the traverse itself could be geo-referenced by locating it on the topographic map. A good starting point might be a river junction or a road junction. Alternatively, you can geo-reference your traverse by taking a GPS coordinate at the start point. 

4.5 Planning the Route with a Sketch Map

The survey team should have some idea of the traverse route. Sometimes the group may be divided into two or three survey teams in order to cover more area. Each team must know where it is to start and finish its part of the traverse. Use a simple sketch map with key features drawn on it to clarify the route with all involved. 

4.6 What Information to Record

Before starting the traverse, the team should make a list of types of information to record along the traverse route. This list would be generated from discussions with the whole community. At a minimum, the survey team members should record the types of information listed, but in the field they should record additional information that they notice and think is important. 

Examples include:

· historical places; 

· local names of places;
· forest products;
· natural landmarks;
· land ownership; 

· land use.

4.7 Four Traverse Patterns

There are four traverse patterns to choose from. The pattern that the mapping team chooses depends on:

· what kind of information the community wants to map;  

· how much detail needs to be mapped;  

· the size and shape of the land. 
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Linear traverse:
· follows a line such as a road, stream or direct line through the forest.
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Radial traverse:
· involves several traverses starting at one point;
· is useful when trails radiate out from the village centre and landmarks are close to the trails.
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Grid traverse:
· involves parallel linear traverses forming a grid;
· allows systematic detailed mapping of the area;
· is often used for resource inventories;
· is time-consuming. 
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Boundary or closed traverse:
· follows the perimeter of an area such as a field or territory;
· allows calculation of the number of hectares in the area;
· allows calculation of error.
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Sometimes the patterns may be used in combination. [image: image25.jpg]


In this simplified example, a boundary traverse was done first. Then the mappers did a radial traverse along the trails that go through the centre of the village. The garden areas were selected for separate boundary traverses so that they could be correctly drawn. An area on the left was known to contain a lot of sacred sites, so a grid traverse was performed. Finally, the villagers did a linear traverse across their land so they could draw a cross-section of land uses. 

5 Conducting a compass traverse

5.1 Steps to Do a Traverse

· A traverse involves at least two people working together and in participatory mapping, it is usually more. 

· The team starts at a visible landmark or makes a permanent marking for the Point of Commencement (POC). 

· The “leader” walks ahead to the first (or next) station with the free end of the metre tape (1).

· The compass person reads the distance on the metre tape (2) and then takes a bearing to the next station (3) and a slope measurement if necessary.

· The compass person, or a note taker, records the distance and bearing. 

· The compass person then goes to join the leader. 

· If there is a third person on the team, he or she can remain at the POC (or previous station) so that the compass person can take a back bearing (4). 

· The process is then repeated for each successive station. If there is a fourth person, he or she can accompany the compass person and take additional notes and make sketches (4).

5.2 Organising the Team

Conventionally a compass traverse is done with two people. In participatory mapping, having more people is better, although it is important that certain key roles are identified so that there are no gaps or confusion in the data collection:
· The “leader” who goes ahead to mark each consecutive station should be someone who knows the route and knows about the kinds of landmarks or features that the team wants to map. A youth, keen to handle the metre tape, may walk right by features that should be marked on the map, so he or she should be accompanied in front by an elder, an “informant”. 

· Through thick bush the survey team cannot see far ahead and might get off track. A “scout” can go ahead and clear trail and make sure the surveyors are following the route as planned. 

· The “compass person” is responsible for taking bearings and reading distance measurements. This person needs good eyesight and an affinity for numbers. 

· The “recorder” should stand with the compass person to record the numerical data. 

· Either the “recorder” or, ideally, an additional person (i.e. a “note taker”) should write additional notes, stories and sketches along the way. 

A wooden stake can be used to mark each station and then it should be carried along to the next station. Stakes or posts are optional. They may make a slightly more precise mark to sight, but they are not really necessary and are an extra thing to handle. A member of the team with a colourful hat is actually better for sighting. 
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5.3 Recording the Traverse

Depending on the purpose of the traverse, there may be more to draw on the map than just what is on the traverse line. Here are some ways to fill in additional information along the way: 

· Sketch features: The note taker sketches pertinent features that can be seen to the sides of the traverse line by estimating distances and angles. 

· Side shots: The leader looks out for important features to map and stops approximately perpendicular to the feature and marks the point as a traverse station. The team then takes a side shot by taking a bearing from the traverse line to the feature and using the tape to measure the distance (i.e. the offset). 

· Intersection technique: The team takes a bearing to a feature from one station and then takes a bearing to the same feature from another station. When the bearings are plotted on the map, the feature is located where the lines cross. 

The notebook or forms should be prepared in advance with columns for the station number, front bearing, back bearing, slope distance (measured in the field), slope, horizontal distance (calculated later) and notes. Always record the traverse location and date on every page if using loose field note sheets or on the first page of a notebook. Write the names of the survey team members. 

In the field, write the traverse data with station numbers on every other row. In the empty row between the station numbers, write the bearings and distances. This method of recording allows space for notes at each station and clearly identifies that the bearing, distance and slope refer to the stretch of traverse between two station points. 
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Making a sketch of the traverse route while in the field is helpful for plotting and drawing the map later. Having a sketch also helps to clarify cryptic written notes. Drawing on graph paper helps to draw at an estimated scale. It works well to have a lined notebook where the left page has columns for data and the right page has the corresponding sketch. 

While walking forward, it is, surprisingly, most natural to start drawing the route from the bottom of the page going up the page. It is also best to record the traverse data from the bottom of the page going up so that the data corresponds to the sketch. This may seem strange at first because most people are used to writing from the top of the page down. 
6 PLOTting and drawing the traverse

Before beginning to plot the data, there are some calculations to make with the distance measurements. The slope distance must be converted to horizontal distance and then the horizontal ground distance must be converted to map distance. 

6.1 Converting Slope Distance to Horizontal Distance

The slope distance that you measure with a metre tape in the field must be corrected, or flattened, to horizontal distance. If the slope is less than 5 degrees, then the difference between slope distance and horizontal distance is minimal and there is no need to calculate it. If you know the slope (in degrees or percent) and the slope distance, then you can calculate the horizontal distance with this equation:
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Horizontal distance = slope distance x cosine of slope

To find cosine, use a scientific calculator or cosine tables. Use a different table for percent or degrees. There are simplified cosine tables in the Exercise on Slope Conversions with this Module. 
6.2 Choosing a Map Scale 

Choose the map scale according to the length of the traverse and the size of the paper: 

· From your notes add the length of the traverse – the longest stretch in one direction (e.g. the traverse may be 1 km or 1,000 metres long). Then convert metres to centimetres (e.g. 100,000 cm).
· Cut a sheet of graph paper to the size you want (90 cm is a common size).

· Divide the length of traverse by the length of the paper:
Scale = Length of traverse (cm)
Length of paper (cm)

(e.g. scale = 100,000 cm / 90 cm = 1111.11)
· Round the calculated number up to the closest whole number to get a convenient scale to work with. In the above example the scale would be 1:1,000.
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6.3 Converting Horizontal Distance to Map Distance

Convert horizontal distance, usually measured in metres on the ground, to centimetres on the map. It is helpful to have an extra column in the field notes to write the map distance.  Use this equation to calculate map distance:

Map distance (cm) = Ground distance (cm)
                            Scale
6.4 Calculating Error 

Closed traverses should begin and end at the same point. There is always some ”error of closure” which causes the lines to not meet after being plotted on a map. 
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To find the error: 

1. Measure the gap between the starting point and the end of the last line. 

2. Add up all the distances in the notes to find the perimeter of the traverse.

3. Calculate the percent error using this equation:


Percent error = Gap (cm)


Perimeter (cm)

If the error is greater than 3 percent try to find it. Ask the following questions:
· Were the bearings and distances recorded incorrectly? Look for numbers that don’t make sense.

· Are the back bearings 180 degrees different than the front bearings?

· Are there places where the plotted traverse changes direction drastically?  This may be a recording error. 

· Were there places where it was difficult to measure distance or bearings in the field due to dense vegetation? Measure those areas again.
7 overview of compass survey Tools
7.1 Devices for Measuring Distance

There are a variety of tools used for measuring distances while walking and doing a compass traverse. 

The least expensive and most readily available tool is a metre tape, which is a regular rolled nylon or fibreglass tape that extends to 30 m or 50 m. 
It is possible to make a metre tape using a piece of rope. The metres can be marked with duct tape or permanent marker. Both will eventually wear off and need to be replaced. However, knots will get caught when pulling the rope through the bush. Make sure it is a type of rope that does not stretch. 

A “surveyor’s chain” is made of thin, strong, smooth nylon rope, marked by a metal clip at every one-tenth of a metre. Its advantages are that it is easily dragged through the bush, does not tangle and does not need to be rolled up. 

A hip chain device is a small plastic box worn on a belt that houses a spool of thread which is pulled through a small counter wheel while walking. Hip chains are commonly used for forest surveys in the west. They are expensive and the thread must be specially ordered and replaced frequently. The thread stretches so it is not highly accurate. The advantage is that one person can operate it.

Pedometers are made for people who jog or walk for exercise; they measure how far one walks. It is calibrated according to the length of the individual’s step. Thus, it is no more accurate than counting one’s paces and less accurate if used on uneven ground. 
A laser rangefinder is a device that uses a laser pulse to determine the distance to an object. The distance is read on a digital display. Sport-quality hand-held rangefinders are used in hunting and golf. They are accurate at long distances like 1,000 metres and give measurements in 0.5 or 1 metre intervals. Hand-held rangefinders have a rated distance to which they can measure. Divide the rated distance by one-third to know at what distance it gives a consistent measurement. There are several manufacturers making sport-quality laser rangefinders (price range US$200–$400). These also include clinometers. Survey-quality rangefinders are more expensive (more than US$700 in 2009). For most participatory mapping projects, the sport-quality rangefinder provides adequate accuracy. 

Rangefinders are most useful in the open desert or savannah or on the ocean when measuring long survey lengths. In forest and mountainous areas where a traverse must be done in short lengths, a rangefinder would not have many advantages over a simple and cheaper metre tape. 

7.2 Devices for Measuring Slope

To accurately measure distance in the field, you must also measure the slope. There are a variety of tools for this:
· Slope needle on a compass: The Silva and Sunto brand of compasses have a slope needle within the dial. The compass is held on the vertical rather than the horizontal plane and the slope needle falls with gravity. Slope is read on the inside of the dial in units of percent. 
· Clinometer: A clinometer is a hand-held device commonly used in forestry to measure slope and calculate tree heights. You sight through it at an object and then read the slope on a display. Clinometers display the slope in degrees or in percents. The most common types are compass-clinometers made by Silva and Sunto. These work with a plummet that falls vertically with gravity and the angle from vertical is measured. 

· Hand-made clinometer: It is possible to make a clinometer using a protractor and  a straight edge. See the Exercise in this Module. 
7.3 Types of Compasses
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A base plate compass consists of a magnetic needle that is free to rotate within an oil-filled capsule, which in turn is mounted on a base plate where the user can rotate the capsule. The circumference of the capsule is marked with 360o. These compasses are held in the hand and the sights are very simple. The transparent base plate usually found on this style of compass makes it easy to transfer bearings directly to the map. A sighting mirror makes it easier and more accurate to sight on a target. Foresters, park managers, researchers and recreationists all over the world use field compasses like these because they are relatively inexpensive, reasonably accurate for their purposes and fast to use. These compasses are the best ones to use for participatory mapping. 

A sighting compass operates on the same magnetic principle, but differs from the base plate compass in that you sight through a small eyepiece and read the bearing on the inside. The resolution of the compass is the same, 1o. It is easy to make an accurate sighting. 
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A digital compass has a small screen instead of a needle and dial. The accuracy is similar to that of a good quality base plate compass. It is easier to read the bearing, but is less versatile for using with a map. 
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A transit is a professional-quality, hand-held compass, usually circular in shape with a deep capsule and a sighting mirror. You can read bearings to 1/2o. This is the most expensive hand-held compass; a good quality one costs several hundred dollars. 

Compass binoculars are for sighting on objects far away and they have the added function of an internal compass so you can read the bearings as you sight. The compass accuracy is generally +/-1o . They are commonly used for marine purposes. 

A theodolite is a tool consisting of a compass and a level, mounted on a tripod. A theodolite is highly accurate and is used by certified land surveyors and road engineers. They are slow to use and expensive. Their level of accuracy is generally not needed in participatory mapping. 

Most compasses are affected by “dip”. The pull of the Earth’s magnetic field is different around the Earth. In the case of a plate compass, you can see the needle be pulled down to the plate and get jammed. Compasses are adjusted in the factory for different regions of the globe. Know whether your compass is made to be universal or if it is calibrated for a specific region. 
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