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1 Introduction

This Unit introduces scale maps and the basic principles of cartography or map drawing. It explains how maps are made, describes the basic elements seen on all scale maps and demonstrates how to read maps. Standard mapping conventions are used to make credible scale maps and these conventions are described in the principles of cartography. 

Practical tools are taught, such as how to measure distance using scale, how to find a location using the map grid and how to read the pattern of the land in the contour lines of a topographic map. These are essential skills for making scale maps. 

2 SCALE MAPS

A scale map is based on measurement. The distance between any two points measured on the ground is measured on the map in a certain proportion. This means that the angles between two points also can be measured. Tools (e.g. compass, theodolite and GPS) are used in scale mapping. 

Scale means that a certain distance anywhere on the map represents the same distance on the ground. 

Example: If 1 centimetre on the map represents 1 kilometre on the ground, then that 1 centimetre could be anywhere on the map and this ratio would still be true. 

Ground and sketch maps are not made to scale. There is no measurement involved. The proportional distance between objects on the map might be very different in one part of the map compared with another. A sketch map is a good representation of the perception of the drawer, while a scale map represents a verifiable, measured picture of what is on the ground.   

2.1 Cartography 

Cartography is the science of making maps. There are certain standard conventions used in cartography, some of which were developed centuries ago and are still used today. These conventions make it possible to map large or small areas and put complex information on a map. Cartography lays out the basic concepts and rules for help in making and reading maps.  

[image: image2.jpg]



2.2 Basic Elements of a Scale Map

For a map to be clear and credible, it must show how the map was made, where the information came from, who made the map, what the map is about, what the symbols mean, what the scale and orientation are and what grid system it is based on. 

We’ll focus on learning about these basic elements: 

· symbols and legend;
· scale;
· direction;
· coordinate system;
· about the map (date, title, author, source, index).
2.3 Symbols and Legends on Scale Maps

A map is a picture of the land and, of course, it must be smaller than the actual ground area. A map is a small scale representation of what is on the ground or what exists in space. Because the map is so small compared with the area it represents, not everything on the ground can be drawn and represented on the map. Some things we have to draw so small that we need to use symbols – such as a line to show a boundary, or a square to show a house or a colour to show a forest. Even with the use of symbols, of course, not everything can be shown on a map. The map maker must select what to include and what to leave out.

Why use symbols? 

· The map would be too full and too confusing to read if we filled it with written words. 
· Symbols help to organise the information. 
· Symbols can be a simple visual representation of a complex idea. 

A legend or key explains the symbols used. The legend tells the person reading the map what the symbols mean. 

3 TYPES OF MAPS  

Types of maps include reference maps or base maps and thematic maps.  

3.1 Base Maps 

Base maps show geographical features such as rivers, roads, coastlines and usually topography or terrain features. These natural features or landmarks serve as reference points. A base map that has a measurable scale and direction and a coordinate system is geo-referenced. The map grid serves as a reference for locating coordinates. The north arrow serves as a reference for the azimuth if using a compass. The scale serves as a reference for distances on the map. Base maps provide the basic geographical reference information to enable locating thematic information. 

Here are some examples of types of maps that are commonly used as base maps: 

· topographic maps; 

· aerial photomaps or geo-referenced aerial photos;
· river maps; 

· radar maps. 
3.2 Thematic Maps  

Thematic maps tell a story about the land and about the place. Like a story, they focus on a chosen subject or theme. Thematic maps may show things that can be seen on the land (e.g. forest cover) or they may show the distribution of things that we cannot see directly (e.g. poverty and wealth or the distribution of animals). 

Everyone tells their own story depending on their perspective. For example, government officials don’t live on the land; their perspective is from far away – official and administrative. So their maps tend to be small-scale, standardised and not very detailed. Local people have more specific local knowledge and concerns about their land, which is reflected in what they choose to draw. 

Thematic maps are usually built upon base maps of some sort.

Examples of thematic maps: 

	Community thematic maps
	Resource industry maps
	Government maps

	· Local knowledge

· Customary boundaries

· Local resource use activities

· Local land use 

· Local plant knowledge and use

· Local historical events

· Sacred areas and sites

· Local place names

· Family land ownership


	· Geology maps for mineral exploration

· Timber inventory maps

· Soil maps for agricultural projects

· Maps of resource exploitation license areas


	· Administrative boundaries

· Regional planning 

· Resource development plans

· Vegetation

· Soil 

· Slope

· Climate

· Land survey

· Land title records

· Land classification


4 TOPOGRAPHIC MAPS

Topographic maps are a common type of reference map that show the basic natural and man-made features on the land, such as rivers, roads, settlements, airports and topography. Topography means the shape and elevation of the land. This is shown with contour lines. 

Topographic maps make excellent base maps because they have scale, north lines, and a coordinate system and they show natural features for local reference. However, in some nations they may be quite outdated or not available at the scale needed. 

Every topographic map is printed with a legend of standard symbols. Standard symbols are used to represent a type of structure or feature on the land. You’ll find symbols for both natural and human-made features.
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4.1 Contour Lines
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Most of the curving lines you see on topographic maps are contour lines. Contour lines indicate height or elevation of the land above sea level. Any point along a contour line has the same elevation (i.e. height above sea level). Taken together, the pattern of the contour lines shows the shape of the land. 

Use these rules to read the pattern of contour lines:
· lines close together = steep slope;
· lines far apart = flat area;
· lines convex = valley or river gorge;
· lines concave = ridge;
· a small closed circle = mountain top.
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There are three simple rules for knowing which lines are contour lines: 

· Contour lines are never straight.
· Contour lines never cross each other.

· Rivers always cross contour lines perpendicularly (because water flows from higher elevations to lower elevations, or downhill).
The contour interval is the vertical distance or the elevation difference between two adjacent contour lines. The contour interval is the same all over the map and depends on the scale of the map. 

On a 1:50,000-scale map, the contour interval is usually 25 or 50 metres.

On a 1:250,000-scale map, the contour interval is usually 100 or 200 metres.
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5 working with SCALE
5.1 How is Scale Written?
Scale may be written as a “representative fraction scale” or “ratio scale” like this: 1:25,000 (said like “one to twenty-five thousand scale”) or 1:500,000.
It means that 1 centimetre (cm) on the map equals 25,000 cm or 250 metres (m) on the ground or that 4 cm on the map equals 1 kilometre (km) on the ground. 

Scale may be shown as a “graphic scale” or “bar scale” like this:
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A graphic scale shows the distance directly on a map without need for calculation and it is visual and therefore more easily understood. Unlike the fraction scale, the graph scale is still correct if the map is enlarged or reduced by photocopier. A graph scale shrinks and enlarges with the map and thus can still be used without any complicated calculation. 
5.2 Relative Scale

We some times refer to maps as small scale, medium scale and large scale. Or we might know that the map we are working with is not the right scale for the job and we want to ask for a smaller scale or a larger scale. 

A large scale map shows a smaller area and more detail and is more specific. A small scale map shows a larger area and shows less detail and is more general. 

	Relative scale
	Scale (example)
	Land area
	Detail

	Large scale map
	1 cm     

10,000 cm
	Single farm or a village area
	Lots of detail and very specific

	Medium scale map
	1 cm

100,000 cm 
	District or the whole community territory
	Medium

	Small scale map
	1 cm

500,000 cm 
	Province, country or world
	Not much detail and very general


[image: image8.jpg]



5.3 Scale Conversions

When we measure a distance along the ground and want to know the distance on the map, we use the equation for converting ground distance to map distance:  

Map distance (cm) = ground distance (convert to cm)







scale denominator

For example, if we want to know how many centimetres to draw on the map when we measure 480 metres (or 48,000 cm) and the map scale is 1:20,000, we calculate: map distance (cm) = 48,000 cm / 20,000 cm and discover that the map distance is 24 cm.
When we measure a distance between two points on the map and want to know the distance on the ground, we use the equation for converting map distance to ground distance: 

Ground distance (cm) = map distance (cm) x scale 

For example, if we want to know how many metres are on the ground when the map distance is 6.7 cm and the map scale is 1:20,000, we calculate: ground distance (cm) = 6.7 cm x 20,000 = 67,000 cm and then ground distance (cm) = 67,000 cm x 1m/100cm = 670 metres.

6 Orientation or direction on a map
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Why do maps always show north at the top? It is just a standard so everyone can easily understand maps. This standard has a historic and geographic rationale – because compasses measure to the magnetic north pole. 

A north arrow is a symbol showing which direction is north on the map. 
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How do we know where north is? In the northern hemisphere, the North Star marks it at night. In the daytime, if it is not cloudy, we can find north and south poles by the angle of the sun. We know that if we point with our left hand to where the sun sets and with our right hand to where the sun rises, then we are facing north. 

To measure where north is, we use a compass. Whichever way you turn the compass, the needle will always point to the north. This is because the earth is surrounded by a magnetic field and the North Pole of the earth is magnetic; therefore, the compass needle, which is magnetic also, is drawn toward the North Pole. 
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6.1 Measuring Direction on a Map

On a scale map, north lines are already drawn. The direction on a map is always measured as an angle from the north line, usually measured in degrees. The 360 degrees of a circle are sometimes called the compass rose. 
We use a tool called a protractor with which we can measure the direction between any two points on a map. An analog compass can be used on a map too. 

6.2 Magnetic Declination
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The Earth’s magnetic field is not exactly on the same axis as the north and south poles: magnetic north is near (but not the same as) the North Pole and magnetic south is near (but not the same as) the South Pole. The difference (or angle) between the North Pole, or “true north”, and “magnetic north” is called the magnetic declination. This declination varies from place to place and can be either west or east of the North Pole. 

“Grid north” may also be indicated on a map. It is another north reference which accords with the particular coordinate system that the map is made on.

The magnetic declination is different, depending on where you are on earth and it changes over time. There should be an indication in the border of the map showing true north, magnetic north and grid north for this particular map and the amount it is changing each year. 

7 MAP Grid
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The straight lines that criss-cross the map are part of an international coordinate system. They tell us where on earth our community map is located. 

These are imaginary lines going around the globe. Meridian lines are drawn going vertically north to south and parallel lines are drawn horizontally east to west. Where these lines cross or intersect is called a coordinate. This is how we pinpoint locations. 
Meridians and parallels are numbered systematically. There are several different systems of numbering and each also uses different names for the meridians and parallels. Two common coordinate systems are the Geographic Coordinate System and the Universal Transverse Mercator (UTM). 
7.1 Geographic Coordinate System

This is the name of the oldest and most common coordinate system. 

Latitude lines are drawn running east-west. They are numbered from the equator and are parallel to each other. The equator is at 0o latitude. Degrees of latitude are measured from 0o to 90o north and south from the equator. The half of the globe north of the equator is called the northern hemisphere and the half of the globe south of the equator is called the southern hemisphere. 
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Longitude lines are drawn north south and meet at the poles. Degrees of longitude are measured from 0o to 180o east and west of the prime meridian, which arbitrarily goes through Greenwich, England.
Both latitude and longitude are numbered using the 360 degrees of a circle and are subdivided into minutes and seconds – like reading a clock. We use degrees because angles are measured in degrees. For latitude and longitude, the angles are measured from the centre of the sphere or earth. 

Every point on the planet can be identified by its two coordinate numbers. 

A “Lat-Long” coordinate looks like this:
150” 54’ 20” E
9o 15’ 01” N

7.2 Universal Transverse Mercator (UTM)

UTM is a type of projection, calculated to make a flat map from the round earth. There are many types of projections, but UTM is most commonly found on topographic maps. UTM has been calculated geometrically so that on a flat map of the world, the UTM lines are straight, whereas latitude and longitude lines would be curved. In the UTM coordinate system, the Earth is divided into zones, numbered east to west and lettered north to south. Each zone is equivalent to 6o (see diagram below). Within the zones, the UTM system is numbered according to metres. For example, on the side of the map, you might read 10,650, which corresponds to 10,650 metres. 
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The numbers across the top of the map are Eastings, showing the east-west position. The numbers down the side of the map are Northings which give a north-south position. 

It is easy to estimate distance on a map with a UTM grid because it there are a known number of metres between grid lines. Distance is not so directly related to latitude-longitude lines. 

A UTM coordinate is written like this:  

381105E

165128N

The corner of this map shows both the UTM and Lat/Long grid:

7.3 Projections and Datums

Map projections are ways of portraying the surface of the Earth, or a portion of it, on a flat surface. When we try to represent a sphere on a flat map, there is distortion. Try flattening the skin of an orange! Every map projection distorts four properties: shape, distance, direction and area. Projections are mathematically calculated. There are many types of projection and each one deals with distortion in a different way, depending on what part of the earth it is focused on. Topographic maps and navigational maps in most parts of the world are made using the UTM projection because it maintains direction and angles. Nearer to the poles, north of 84o and south of 80o latitude, the Universal Polar Stereographic (UPS) projection is used. 

The different projections are only visually noticeable on very small scale maps. However, it is important to be aware of projections because very occasionally a base map may use a different projection than the standard UTM and the measurements would be off. 

A datum is the reference point from which everything else on the base map is measured. It is a cartographic system that is used to mathematically correct for irregularities in the Earth’s sphericity. The coordinate system of the map is based on or referenced to the datum. A map can have more than one grid, but only one datum. 
It is essential to know what datum your base map is when you are using GPS. There are many locally-developed reference datums used around the world. The only world reference system used globally is WGS84 datum, which is the default standard datum for coordinates stored in GPS units. 
8 Strengths and limitations of scale maps

Making scale maps can require a significant investment in time and resources. The strengths and limitations of scale maps in participatory mapping should be discussed among community members.

The strengths of scale maps include the following: 

· On scale maps it is possible to measure distances, area and direction. 

· Scale maps follow cartographic conventions and are therefore generally understood by those in government institutions and industry. For these groups, scale maps have more validity than sketch maps because sketch maps represent a subjective view, with no measurement or way of verifying locations. 

· Scale maps present an objective, measurable view of the land and thus may help make discussions clearer between a community and outside parties. 

The limitations of scale maps include the following:

· The process of making and reading scale maps requires knowledge of mapping conventions and is somewhat mathematical. Some members of the community may have difficulty reading the maps and may be alienated from the mapping process. 

· It can be challenging to accurately transcribe local perceptions of the land onto scale maps. Scale maps are drawn with standard conventions that may not reflect how local people view their land. For example, it is standard to draw north at the top of the map, but the local people may view the coastline as the “top” of their land. Scale maps are two-dimensional representations of the land, which is three-dimensional. This may create a distorted perception. For example, the walking distance up a steep slope appears relatively shorter on the map than the actual walking distance. 

· On scale maps, there is less graphic liberty to depict the subjective importance of things. To be true to scale, the selection of what things to draw on the map and the symbols used need to be in proportion to the scale of the map. On sketch maps, one can draw the land as perceived by local people, without regard to conventions.

· Discussions using a scale map can sometimes get unnecessarily diverted away from the subject of the map to the map making technology and its accuracy. 
Bibliographic References
Bibliographic references and other recommended reading materials are listed in the handout: M09U01 - Additional Resources 

Key Map Elements





Remember the acronym DOGSTAILS to remember the important parts of a map:





D	Date	When the map was made


O	Orientation	Direction (north arrow)


G	Grid 	Locates places on the map


S	Scale	What is the map distance


T	Title	What the map is about


A	Author	Who made the map


I	Index	Map address of places


L	Legend	What the symbols mean


S	Sources	Source of map information





From National Geographic map-making guide 
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