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  Maps represent one of the most important tools that geographers use to communicate information about the spatial associations of the phenomena which they study. We can think of maps as being models, in the sense that they typically aim to reduce the complexity of the real world into something that can be studied more easily. There is a bewildering array of map types; common map types are base maps, which show the essential features of the landscape, and thematic maps, which show the spatial distributions of any probably any geographic variable you care to think of. In Canada, base mapping, at the federal government level, is the referred to as the National Topographic System (NTS).

  This lab is largely about how to use NTS maps, plus some Google Earth practice, to address fundamental questions that geographers ask: How can we specify where a place is? (Geographers know where it’s at!). How far is it between two places? In which direction are we going?

  
    
      Learning Objectives

    

    
      After completion of this lab, you will be able to:

      
        	Use geographical coordinates and UTM coordinates to specify locations;

        	Understand the applications of map scales;

        	Derive distances from a map;

        	Use Google Earth to derive coordinates and distances.

      

    

  

  Pre-Readings

  Geographical Coordinates

  The term geographical coordinate refers to the latitude-longitude system, which defines a location using angles measured from some prescribed baseline. Latitude is the angle measured north or south from the Equatorial plane to your position. Lines of equal latitude form parallels that run west-east. The Equator is at latitude 0°. Latitude ranges from 90°S (South Pole) to 90°N (North Pole). When using latitude data in purely digital form (i.e. the N or S isn’t specified), northern hemisphere data are considered as positive and southern hemisphere data negative. Unless you’re using purely numerical data, you must specify N or S to avoid ambiguity.

  Since parallels must, by definition, be parallel (go figure!) each line of latitude must have a fixed north-south separation between them. On the Earth’s surface, one degree of latitude represents a distance of approximately 111 km. This is a useful thing to remember, because it enables you to estimate the north-south distance between two places if you know their latitudes. For example, the northern boundary of British Columbia is the 60°N parallel, and most of the southern boundary is at the 49thparallel (i.e. 49°N); therefore, a very quick estimate of the distance between the two boundaries is: (60 – 49) [image: \times] 111 = 1221 km.

  Longitude is the angle measured west or east from the prime meridian (or Greenwich Meridian, since it runs through the observatory at Greenwich, England) to your position. Lines of equal longitude form meridians that run north-south from the North Pole to the South Pole and therefore they are not parallel: they are farthest apart at the Equator and converge towards the poles. The Prime Meridian is at longitude 0°. Longitude ranges from 180°W to 180°E. When using longitude data in purely digital form (i.e. the W or E isn’t specified), eastern hemisphere data are usually considered as positive and western hemisphere data negative (but beware – occasionally you may come across the reverse of this convention, for example when using online distance calculators; you need to stay sharp!). Unless you’re using purely numerical data, you must specify W or E to avoid ambiguity. Note that the 180°W meridian is also exactly the same as the 180°E meridian, and is also the general location of the International Date Line.

  The distance between individual meridians is ~111 km at the Equator (i.e. same distance as one degree of latitude) and decreases as you get closer to the poles; this means that estimating west-east distances from longitude data is a little trickier than it was with latitude. The simple solution is that the surface distance between two meridians, one degree of longitude apart, is: 111 [image: \times] cos(LAT), where LAT is your latitude. For example, the west-east distance for one degree of longitude in the central area of British Columbia’s (55N assumed) is: 111[image: \times]cos(55)[image: \approx] 64 km.

  Geographical coordinates are based on angles, and there is a couple of common ways to express these:

  
    	As a simple decimal. Here are three examples: (i) 50.6°N; (ii) 50.57°N; (iii) 50.56789°N. Obviously, the more decimal places we use, the greater the implied accuracy of the coordinate. Using coordinate (i) would be appropriate when defining the location of a town, for example, because this only requires an approximate value. But if we wanted to define the location of a particular building in that town, then greater precision is required, and the extra decimal places in coordinate (iii) would be needed.

    	Using a sexagesimalsystem, which divides one degree into sixty minutes and one minute into sixty seconds. Here are three examples, exactly the same as those in (a), above: (i) 50° 36′ N; (ii) 50 34′ 12″ °N; (iii) 50 34′ 04.404″ °N. Notice here that if we want to specify very precise locations using the sexagesimal system, we have to add decimal places to the seconds.

  

  Different mapping agencies use different ways to denote geographical coordinates on maps, but a common method is to show latitude and longitude markers around the margins. On Canadian 1:50,000 NTS maps (e.g. Figure 12.1), the alternating black and white bar lines along the margins represent minutes of latitude (vertical lines) and longitude (horizontal lines). The latitude increases as one moves northwards (up) away from the Equator and longitude increases as one moves westwards (left) away from the prime meridian. It might also be useful to note that the neatlines (i.e. the actual edge of the map) of NTS maps are defined by parallels and meridians (i.e. the top and bottom edges run exactly west-to-east, and the sides run exactly north-to-south).

  There are several items to note in Figure 12.1:

  
    	The marginal information related to geographical coordinates is in black-and-white (i.e. ignore the blue annotations)

    	The northwest corner of the map has coordinates of 50°00′ and 119°30′, but we are not told which hemispheres: the map-makers assume that we know that Canada is in the northern and western hemispheres.

    	Notice the black and white bars up the side – there are seven of them, each represents one minute of latitude, and therefore the north-south extent of the map shown here is nearly 7 minutes of latitude. Every fifth minute has a label: notice the 55′ marker in the lower-left edge of the map.

    	The black and white bars along the top margin each represent one minute of longitude, and therefore the west-east extent of the map shown here is about 8½ minutes of longitude.

    	Values of latitude increase bottom-to-top, because we are moving farther away from the Equatorial plane. Values of longitude increase right-to-left, because we are moving farther away from the Prime Meridian.

  

  
    
      [image: ]
    
    Figure 12.1. Part of NTS 1:50,000 map sheet 82E14 (Kelowna) 4th edition. Notice that in this example, the map’s neatlines are tilted slightly, and are not parallel to the blue UTM grid. This area lies within UTM quadrilateral 11U. Figure courtesy of Natural Resources Canada

  

  To determine the geographical coordinates of a location when using a NTS map or Google Earth, look in the Supporting Material section at the end of this lab.

  UTM Coordinates and Grid References

  The Universal Transverse Mercator (UTM) coordinate system is a type of Cartesian system, which means that a location is specified using a rectangular grid. You will be familiar with simple graphing using an x-axis and a y-axis, in which a point can be located by its x value and y value: (x,y). The UTM coordinate system is similar – but bigger, since it covers most of the Earth! (UTM doesn’t extend to the polar regions, where a separate system, UPS, applies.) Common mapping software (e.g. Google Earth) and GPS receivers often use full UTM coordinates, so it’s important to understand how they work.

  The UTM system divides the Earth into sixty identical north-south strips or UTM zones, each 6 of longitude wide and identified by a number (Figure 12.2). Each zone has a central meridian down the middle. Zone 1 is 180°W-174°W, Zone 2 is 174°W-168°W, and so on. So, for example, we find that British Columbia falls into zones 10 and 11, with the boundary between them at 120°W. Each zone has latitudinal divisions, 8° latitude in extent, that have letter designations (with I and O being excluded) starting with C at 80-72°S. The Equator is the boundary between M and N (useful to remember because the letter indicates which hemisphere you’re in: C to M are southern and N to X are northern).

  So, with a simple number-letter combination we can easily specify any of the squares (or UTM quadrilaterals as they’re more formally known) shown in Figure 12.2. This is useful information, of course, because it immediately gives you a good idea of where we are.

  
    
      [image: ]
    
    Figure 12.2. UTM quadrilaterals for Earth between 72°S and 72°N. (Note: there are local minor deviations from this set pattern but nothing that we need to be concerned with in this lab.)
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    Figure 12.3. Part of UTM zone 10.

  

  In each of the northern and southern hemispheres, the UTM zone is treated as a very large (x,y) grid. All zones have a “false origin” (0,0) from which the x value (the easting) and the y value (the northing) are derived (Figure 12.3); this is placed 500,000 m west of the zone’s central meridian (this forces all eastings to be positive; UTM has no negative numbers). In the northern hemisphere, the false origin is at the Equator; in the southern hemisphere it is set at 10,000,000 m south of the Equator (this ensures that all northings are positive numbers).
 UTM coordinates give your position in the number of metres east and north of the false origin – so the numbers end up being large! For eastings, six digits are required, but for northings, seven. A full UTM coordinate contains: (zone number + letter), easting, northing.

  Here’s a simple example of how UTM works: take a look at Figure 12.3, which shows part of UTM zone 10 (but the principles outlined here apply to any zone). We will make a rough estimate of the UTM coordinate of location x. It is in UTM quadrilateral 10P. We can see that it is slightly to the east of the central meridian and therefore we know that the easting must be greater than 500,000m; let’s say that x is 600,000 m east of the false origin. We can also see that x is at about 10°N, which means that we can make an educated estimate of how far north it is from the Equator: recall from above that each degree of latitude represents about 111 km of surface distance. Here, we have ten times 111 km, which is 1110 km, or 1,110,000 m. So, a rough estimate of the UTM coordinate of x is: 10P 600000mE 1110000mN (more usually the coordinate would be written as 10P6000001110000).

  Here’s a more realistic example: your friend discovered gold and took a GPS measurement, which was: 11U4347825644518. Let’s break this down:

  
    	11U: we are in UTM zone 11, which is between 120°W and 114°W; the letter U indicates that we must be between 46°N and 54°N (Figure 12.2).

    	434782: the first six digits represent the easting, in metres. (Note that the number is a bit less than 500,000 m, so this tells us that we must be slightly west from the zone’s central meridian; see Figure 12.3.)

    	5644518: the last seven digits represent the northing, in metres. So, we are 5,644.518 km north of the Equator! (which puts us in Canada).

  

  Although the UTM system may seem a little cumbersome at first, we have uniquely identified a point on the Earth’s surface with one coordinate. No other place on the planet has this coordinate. (By the way, the bit about gold was made up, as was the coordinate! Sorry to get your hopes up.)

  If you examine Canadian 1:50,000 NTS maps, you will see that they are criss-crossed by light blue grid lines – this is the UTM grid, and any light blue text around the map’s margins relate to UTM data. On these maps, the grid lines always form squares 20 mm x 20 mm in size, equivalent to 1 km x 1 km in reality. The blue grid will line up exactly with the map’s margins when the location is at a UTM zone’s central meridian, but will tilt slightly as we move away from it. The full easting and northings are shown only at the map’s corners; for all other places on the map, you have to derive them yourself.

  To determine the UTM coordinates of a location when using a NTS map or Google Earth, look in the Supporting Material section at the end of this lab.

  6-figure grid references

  The full UTM coordinate is often unnecessary, especially if you are working in only a limited area, or using just one or a few contiguous map sheets. This is where the grid reference comes in handy; this is a 6-figure abbreviation of the full UTM coordinate. The aim of the grid reference is to provide a 3-figure easting and a 3-figure northing; the precision of each is to the nearest 100 m. NTS maps usually provide instructions of how to derive a grid reference, but here’s the gist of it:

  
    
      [image: ]
    
  

  Step 1: Easting. Work left-to-right. In the example shown above, the easting is between 16 and 17 – in fact, about eight-tenths the way across the grid square. Think of this easting as being “16.8” – and then drop the decimal point to yield 168.

  Step 2: Northing. Work bottom-to-top. In the example shown above, the northing is between 89 and 90 – about six-tenths the way up. So, the northing is “89.6” which gets abbreviated to 896.

  Step 3: put it together: the grid reference 168896 (but not 896168).

  Finally, note that we can derive 6-figure grid references from a full UTM coordinate. Let’s use the “gold” example one from above: 11U4347825644518. The “11U” part is not used in grid references, but we do need the remaining numerical information:

  
    	Easting: the full easting is 434782. The bit we need is underlined: 434782. Since grid references give estimates to the nearest hundred metres, we want to round off the full easting to the nearest decametre (1 dam = 100 m); in this case, it is 4347.82 dam, which rounds off to 4348 dam. We only want the last three digits, so we end up with a 3-figure easting of 348. (If this was on a NTS map, this would be between the blue grid lines of 34 and 35, and much closer to the 35 line.)

    	Northing: the full northing is 5644518. The bit we need is underlined: 5644518. Following the principles as for the easting, we can think of this as being a value of 56445.18 dam, which rounds off to 56445 dam. We only want the last three digits, so we end up with a 3-figure northing of 445. (If this was on a NTS map, this would be halfway between the blue grid lines of 44 and 45.)

  

  So, we end up with a grid reference of 348445 (but not 445348).

  Map Scales

  The world is big. Maps are small. So, real-world sizes have to be reduced in order to fit the landscape onto a map, and the map scale simply tells us how much size reduction has taken place.

  Map scale can be expressed in several different ways:

  
    	Graphic scale: a simple line or bar on the map that states the real-world distance. It is simple and intuitive to use.

    	Ratio scale: one unit of linear distance (e.g. millimetre, inch, etc.) on the map represents some number of the same units in reality. In the previous section, reference was made to 1:50,000 maps – this simply means that 1 mm on the map represents 50,000 mm in reality, or 1 inch represents 50,000 inches, and so on. The standard convention is to use the form “1:n“, where n can be any number.
[image: ]Figure 12.4. Examples of ratio and graphic scales. Figure courtesy of Natural Resources Canada



    	Verbal scale: typically, a statement that relays the same information as a ratio-type scale. For example: “1 cm represents 1 km” is self-explanatory – it means that a distance of 1 cm on the map is equivalent to one kilometre in reality (so the ratio scale would be 1:100,000). Slightly more esoteric examples are: “5 cm to 1 km”, or “1 cm equals 20 km “, neither of which makes complete grammatical or logical sense, but the meaning should be fathomable for any geographer (the ratio scales are 1:20,000 and 1:2,000,000, respectively).

  

  Being able to convert between different types of scale is a useful skill.

  We sometimes hear the terms “small-scale map”, “medium-scale map” or “large-scale map”, and it can be confusing. Perhaps the simplest way to think about this is to realise that a large-scale map will show a given feature larger on the map than a small-scale map would. Think about fitting a map of Canada on this page – you have to shrink the country very small in order to do so, and British Columbia would occupy only a small part of the page. This is a small-scale map. Now envisage a map only of British Columbia on this page – obviously, we can make it larger, and so the scale has become larger, although it would still not be considered a large-scale map. An example of a large-scale map is a 1:50,000 map sheet, where the map shows the landscape in fine detail.

  Of the following, which map has the largest scale: Map A, 1:40,000, or Map B, 1:4,000,000? It is Map A. Even though Map B has a more impressive-looking ratio, it has map distances that are only one four-millionth of the real-world values; in Map A the reduction is much less.

  Again (because it’s important!), map scale always boils down to this basic ratio:

  (the length of a feature on the map) : (the real-life length of the same feature)

  …and the units must be identical either side.

  Example: on your map the straight-line distance between your house and the shopping mall is 120 mm. In reality, this distance is 2.4 km. So, your map’s scale is: 120mm : 2.4km = 120mm : 2,400,000mm = 1:20,000.

  Deriving Distances from a Map

  Conceptually, this is simple: measure the distance on the map and multiply it by the scale. For example, 45 mm on a 1:50,000 map represents (45[image: \times]50,000) mm in reality, or 2250 m.

  Measuring straight-line distances is easily achieved with a ruler, of course. Alternatively, you could use the edge of a piece of paper and find the map distance and then compare it to the graphic scale bar.

  Measuring distances along curvilinear features (e.g. roads, rivers, etc.) is more complicated. It’s possible to use a ruler and then treat the curved lines as a series of straight segments (Figure 12.5b). Although this method will tend to underestimate the distance, it will certainly give a rough estimate that’s usable. Accuracy can be improved by using shorter straight segments (Figure 12.5c), but this comes at a cost of extra time and effort required.

  
    
      [image: ]
    
    Figure 12.5. Curved lines as straight-line segments

  

  If you are using a hard-copy map, an alternative method of measuring curved lines is to use an opisometer (also called a map measurer).

  To derive distances in Google Earth, look in the Supporting Material section at the end of this lab.

  Finally, there are also trigonometric methods to derive straight-line distances that use geographical or UTM coordinates but these are beyond the purview of this lab.

  Lab Exercises

  The following lab exercises provide some practice at applying the concepts discussed above. You will need a calculator, plus an internet connection to download a map and access Google Earth. Some of the exercises may be easier if you are able to print the relevant portion of the map. The exercises should take you 1½ to 3 hours to complete.

  
    
      EX1: Geographical Coordinates

    

    
      
        	Using only Figure 12.1, address the following questions: 	Derive the latitude and longitude of the 669-metre summit about a kilometre NW of McKinley Reservoir; express your final answer to the nearest 10″ (i.e. round off to 00″, 10′, 20′, etc.).
	What feature is at 49° 55′ 40″ N, 119° 23′ 30″ W?



        	Use Google Earth to: 	Check your answer to 1.1
	Find out what feature is at 48° 38′ 33″ N, 79° 23′ 13″ W.



        	You are exploring BC’s beautiful landscapes and are wondering if this is a safe place to pitch your tent. What do you think? Your GPS receiver indicates that you are here: 54.1895° 131.6471°. (Note: this GPS receiver has been set at “decimal degrees” – see p.2. You will need to change the options in Google Earth – see the Supporting Material section.)

        	Download the 1:50,000 NTS map sheet 01N10 (St. John’s) 8th edition map sheet (see Supporting Material). Use only this map for the following questions:

        	
          
            	Derive the latitude and longitude of the steel mill by Octagon Pond, Paradise (lower-left part of map); express your final answer to the nearest 10″.

            	What feature is at 47° 34′ 13″ N, 52° 40′ 55″ W? (PS: Do you happen to know why this place is famous?)

          

        

      

    

  

  
    
      EX2: UTM Coordinates

    

    
      
        	Using only Figure 12.1, address the following questions: 	Derive the full UTM coordinate of the 669-metre summit a kilometre NW of McKinley Reservoir; express your final answer to the nearest 50 m (i.e. round off to …00m or …50m; this is equivalent to the nearest whole millimetre of measurement on the original map).
	Convert your answer to (a) to a 6-figure grid reference.
	What do you find at 11U3286005533850?
	If you worked at the feature at 207306, what are you most likely doing?



        	Use Google Earth to: 	Check your answer to1.1.
	Find out what feature is at 12U3087005509275.



        	You are hiking in BC’s beautiful mountains but have wandered away from the trail (pay better attention next time!). Luckily, you brought a GPS receiver with you and can find your location, which is 11U3556535886735. Use Google Earth to find out exactly where you are.

        	Use the same 1:50,000 NTS map sheet as the previous section. 	Derive the full UTM coordinate of the North Head navigation light at the entrance to St. John’s Harbour (see the map’s legend for the symbol for a navigation light; you will also have to search the map for the UTM zone information); express your final answer to the nearest 50 m.
	Convert your answer to 8.1 to a 6-figure grid reference.
	What feature has a UTM easting-northing of 354100-5278750?
	Why would the feature at 776644 be a good place to eat your sandwiches?



      

    

  

  
    
      EX3: Map Scales

    

    
      
        	Address all of the following: 	On a 1:50,000 map, what does a length of 50 mm represent?
	On a 1:250,000 map, what does a length of 50 mm represent?
	The straight-line distance from point A to Point B is 14 km. What length would this be on a 1:20,000 map?
	Convert the verbal scale “One centimetre equals four kilometres” to a ratio scale.
	Assume that you need to use a part of a standard 1:50,000 NTS map in your next term paper, but you had to shrink the map in order to fit it on the page. On your new map, the length of ten grid squares is 137 mm. 	Is your map a smaller scale or larger scale than 1:50,000? Explain.
	Calculate the scale of your map.





      

    

  

  
    
      EX4: Distance

    

    
      
        	Use Figure 12.1 to address the following questions: 	How long is the runway at Kelowna airport (in metres)?
	What is the straight-line distance (in metres) between the 636-metre summit of Mount Dilworth and the 595-metre summit at 262346?
	What is the shortest distance (in kilometres) by road between the two junctions at 254343 and 286323?



        	Use Google Earth to check your answers to question 10.

        	At the beginning of this lab, we encountered the relationship between geographical coordinates and surface distance: one degree of latitude or longitude represents a certain distance. We can check this using Google Earth: 	The rough estimate of the distance between BC’s southern and northern boundaries was 1221 km (see p.2) – check this.
	Go to BC’s northern boundary at 60°N. Measure the distance long the boundary between 120°W and 125°W. What is the surface-distance equivalent of one degree of longitude? Confirm that the cos(LAT) relationship (see p.2) holds true.
	Now repeat 12.2, but at the southern boundary between 115°W and 120°W. Confirm that the cos(LAT) relationship holds true.



      

    

  

  
    
      Reflection Questions

    

    
      
        	One of the most fundamental issues in geography is location – Where am I? Where is this place? Where is that place in relation to the other place? Think about the different ways in which location can be defined and specified. Think about how would tell someone exactly where you are right now – the square metre of Earth’s surface that you are currently occupying! Then think about how your description would change if you simply wanted to give the general location of the town that you are in.

        	You have arranged a hiking trip for yourself and some inexperienced friends and printed out some UTM topographic maps and brought along a couple of GPS units (you knew your friends wouldn’t). Unfortunately, none of them know how to read a map or use GPS! How would you describe to your friends how to locate themselves on the map using the UTM coordinates obtained from the GPS unit?

        	Google Maps has crashed, but Google Earth is fine (somehow) and you need to figure out how to get from Kelowna, BC to Fort St John, BC. You know that you can look up both Kelowna and Fort St John and pin them in Google Earth, and that enabling the “Roads” layer will give you all major roads in BC. How could you figure out the distances of different path options and choose the quickest route?

      

    

  

  Supporting Material

  How to derive geographical coordinates from a 1:50,000 NTS map:

  Firstly, take another look at Figure 12.1. We are going to get the coordinates of Wilson Landing.

  In figure (a) below, we can estimate the latitude and longitude: we are slightly north of 49° 59′ N and slightly west of 119° 29′ W. Estimating by eye, the arrows indicate that we will add about one-quarter to one-third of one minute of arc to this estimate; i.e. distances D1 and D2 in figure (a). To get an answer better than a simple by-eye estimate, we should make measurements on the map – see below; note that the grey arrows depicting measurements are parallel to the map’s neatlines and not the blue grid squares.

  
    
      [image: ]
    
  

  Deriving latitude: see figure (b) above. We are looking to derive the proportion of one minute of arc that is between the 49° 59′ N parallel and Wilson Landing: distance D1. On the original map used in here, the proportion is 11mm:37mm. Therefore, distance D1 must be 11/37th of one minute of arc = (11/37) [image: \times] 60 seconds = 18 seconds.

  Deriving longitude: see figure (c) above. We are looking to derive the proportion of one minute of arc that is between the 119° 29′ N meridian and Wilson Landing: distance D2. On the original map used in here, the proportion is 8mm:24mm. So, distance D2 is 8/24th of one minute of arc = (8/24) [image: \times] 60 seconds = 20 seconds.

  The geographical coordinate of Wilson Landing: 49° 59′ 18″ N, 119° 29′ 20″ W.

  How to derive a 6-figure grid reference from a 1:50,000 NTS map:

  See the blue grid and the blue numbers in Figure 12.1. We are going to get the grid reference of Wilson Landing. Firstly, work left to right: Wilson Landing is between grid lines 21 and 22 (interpolated from the blue numbers along the top of map). Moving right from the 21 grid line, Wilson Landing is about six-tenths the distance to the 22 grid line, therefore the easting part of the grid reference is 216 (you can think of it as 21.6, but without the decimal point). Secondly, working bottom to top, we can see that Wilson Landing is between horizontal grid lines 40 and 41, and about three-tenths the distance between them: so, the northing part of the grid reference is 403. Put the easting and northing together to get a grid reference of 216403 (but not 403216).

  How to derive UTM coordinates from a 1:50,000 NTS map:
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      Figure courtesy of Natural Resources Canada
    

  

  Again, we’ll use Wilson Landing in Figure 12.1 as our working example. Firstly, we need to know the UTM quadrilateral, but this information isn’t shown in Figure 12.1 – but it would be found on the original map sheet; in this case, it happens to be 11U.

  Next, work on the easting: at the top corner of the map sheet we can see the true easting given for one of the blue grid lines: 322000 mE. The grid line to the left is 1000 m away and so must have an easting value of 321000 mE. Wilson Landing lies between the two. To get the best estimate of the easting, we should measure how far it is from the 321000m grid line to our location: in this case, on the original map, it is 13 mm, to the nearest whole millimetre (it’s not usually valid to use a finer precision than this). At a scale of 1:50,000, 13 mm represents 650 m in reality, and so this distance is added to the 321000m to get our full easting: 321650 mE. Take a similar approach to find the northing: the top-most horizontal blue grid line has a full northing of 5541000 mN (see the blue number in the upper-left part of Figure 12.1), and so the next grid line to the south must have a value of 5,540,000 m. Making a measurement on the map, we find that Wilson Landing is about 300 m north of the latter grid line and therefore the full northing is 5540600 mN. Put it all together to get a UTM coordinate of 11U3216505540600.

  Google Earth procedures:

  To use geographical coordinates:Tools–Options-<select the 3D View tab> and make your choice in the Show Lat/Long section. You will see the cursor’s coordinates at the bottom of the screen.

  To use UTM coordinates:Tools–Options-<select the 3D View tab> and choose Universal Transverse Mercator. You will see the cursor’s coordinates at the bottom of the screen.

  To derive a straight-line distance:Tools-Ruler and in the pop-up box select Line. Mouse-click once to start a line; click a second time to end the line.

  To derive a curved-line distance:Tools-Ruler and in the pop-up box select Path. Mouse-click once to start a line; every successive click adds a node to the path. Use Clear to end the process.

  To show or hide labels:Tools–Options-Layers-<select or de-select Borders and Labels under the tab>, go to the Show Lat/Long section and choose Universal Transverse Mercator

  Downloading NTS Topographic Maps:

  If you don’t know the map sheet’s number: access the GeoGratis web site at http://www.geogratis.gc.ca and select the Geospatial Product Index. You can then zoom in or out of the map and the map codes will appear. For example, zoom in on Vancouver: you will first see 92 appear, then a grid with letter codes, and then number-letter-number codes which are the 1:50,000 map IDs; downtown Vancouver is map sheet 92G06. You may get access to the maps directly from here, but if not go to the next step.

  If you know the map sheet’s number: GeoGratis’s ftp site is at: http://ftp.geogratis.gc.ca/pub/nrcan_rncan/raster/topographic/50k/. You will find *.tif and *.pdf files available; these are scanned versions of the original NTS map sheets.
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      	Figure 12.2 UTM quadrilaterals between 72°S and 72°N © Ian Saunders is licensed under a CC BY-NC-SA (Attribution NonCommercial ShareAlike) license

      	Figure 12.3 Component of UTM zone 10 © Ian Saunders is licensed under a CC BY-NC-SA (Attribution NonCommercial ShareAlike) license

      	Estimating UTM coordinates © Ian Saunders is licensed under a CC BY-NC-SA (Attribution NonCommercial ShareAlike) license

      	Figure 12.4 Scale from NTS 1:50,000 map sheet 82N05 (Glacier) 3rd edition © Natural Resources Canada is licensed under a All Rights Reserved license

      	Figure 12.5 Curved lines as straight-line segments © Ian Saunders is licensed under a CC BY-NC-SA (Attribution NonCommercial ShareAlike) license

      	Estimating latitude and longitude © Ian Saunders is licensed under a CC BY-NC-SA (Attribution NonCommercial ShareAlike) license

      	Grid Zone Designation from NTS 1:50,000 map sheet 82E14 (Kelowna) 4th edition © Natural Resources Canada is licensed under a All Rights Reserved license

    

  

  





  
  






Lab 21: Coastal Geomorphology
Todd Redding, Stuart MacKinnon, and Fes de Scally



  
  Canada has the longest shoreline of any country in the world, but estimates of how long the shoreline actually is will vary greatly depending on how it is measured. In British Columbia, for instance, the straight-line distance between Vancouver and Prince Rupert is approximately 800 km, but the length of the coastline between the two cities is about 41,000 km when traced on a relatively detailed map. Waves are the dominant energy source on exposed, open-ocean coasts, and when wave energy is expended on the shoreline, there is the potential for rapid and significant geomorphic change. An understanding of coastal geomorphic processes and landforms is important not only for pure scientific interests but also to avoid potentially disastrous consequences of the human occupation and use of coasts.

  
    
      Learning Objectives

    

    
      After completion of this lab, you will be able to:

      
        	Use Google Earth to make geographical measurements;

        	Understand the relationships between wave length, period and velocity;

        	Understand the change in wave characteristics as they approach the shore;

        	Identify common coastal landforms on satellite images;

        	Infer likely patterns of coastal sediment transport on satellite images;

        	Understand the contributing factors to coastal sediment budgets and the effects of changes on beach properties;

        	Become aware of the shifting nature of shorelines due to long-term changes in sea level

      

    

  

  Pre-Readings

  Properties of Waves

  The source of energy for most coastal erosion and sediment transport is wave action. Waves are distortions of the still water surface that contain (a) potential energy by virtue of water molecules being displace above and below the still water line; and (b) kinetic energy by virtue of water molecules being in motion. The faster the wind and the longer the fetch (or distance of open water across which the wind blows and waves travel), the larger the waves. Large waves have much greater energy than smaller waves (wave energy is proportional to the wave height squared). It is important to realise that waves in the open ocean (referred to as ‘deep water waves’) do not move the water forward, but rather the water molecules move in circular orbits. If you have ever floated offshore in a small boat or inner tube you will know this to be true; as a moving wave will pass beneath the boat and cause you to rise and fall but not move any appreciable distance forward or backward. The situation is different close to shore where there is net movement of the water in the direction of wave propagation, but where there can also be currents (e.g., longshore, rips). Waves are described using basic measurements such as wave height, wavelength, and wave period (Figure 21.1).

  
    [image: ]
    Figure 21.1. Wave characteristics

  

  Wavelength is defined as the horizontal distance from wave crest to wave crest (or trough to trough), while height is the vertical difference between the trough and crest. Open ocean waves are modeled as a sinusoidal curve, with symmetry above and below the still water level. The time taken for successive crests to pass a fixed point is called the wave period. One of the interesting aspects of wave motion is that the period remains essentially constant despite changes in the wave form as it enters shallow water.

  The velocity or phase speed of the wave, V (m/s), can be calculated if the wavelength, L (m), and the wave period, P (s) are known using the following definition:

  
     
     
    [image: \[ V = L/P \]]
  

  Long period waves (referred to as long waves or swell waves) travel faster than short, locally-generated sea waves. As a consequence, waves have a tendency to sort themselves out as they move away from the storm centre that generates wave motion in the open ocean. Long swell waves that have travelled hundreds of kilometres may have periods of up to 15 seconds. Smaller waves have periods of only a few seconds.

  Waves Approaching Shore

  Where ocean depths are greater than the length of the waves, the wave motion does not extend to the ocean floor and therefore remains unaffected by it. When waves propagate toward shore and the water depth decreases to below half the wavelength, the wave motion becomes increasingly affected by the presence of the bottom. Deep water waves are those where the depth (d) is greater than 0.5 the wavelength (L) (d/L > 0.5). Intermediate (0.5 > d/L > 0.05) and shallow water waves (d/L < 0.05) deform in response to interactions with the sea floor (Figure 2). The process of ‘wave transformation’ leads to some predictable changes in the shape of the wave. For example, as the depth of water decreases, the wavelength decreases. As a consequence of mass conservation, the wave height has to increase so the wave becomes more peaked as it approaches the shore. Other complex dynamics occur, leading to asymmetry between the front and rear of the wave, but eventually the wave may curl and break in the nearshore (either on an offshore sand bar or directly on the beach or rocky shore). As the wave breaks, most of the energy is dissipated by way of work along the shoreline, leading to cliff erosion or and sediment transport. Figure 21.2 illustrates the typical changes in wave dimensions as they enter shallow water.

  
    [image: ]
    Figure 21.2. Changes in characteristics of waves entering shallow water.

  

  Wave Refraction

  Waves are subject to refraction or bending of the wave crests as they approach the shore in much the same manner as light is refracted through a prism. Whenever waves approach a shoreline at an oblique angle, the presence of the sea floor turns the waves to become more parallel to the shore. The reason is that the offshore portions of the wave crest are not influenced by the bottom and are free to travel at their optimal speed (i.e., their deep-water velocity). In contrast, the onshore portions of the wave crest are impeded by the presence of the bottom and therefore are forced to slow down. On an indented coast the situation is more complex, but Figure 21.3 shows what is expected to happen. The wave crests in deep water approach the shore perpendicular to the general trend of the coast. The wave crests approaching the headlands begin to be affected by the sea floor first, when they are just under a kilometre from the shore. These portions of the wave crests slow down, shorten in wavelength, and increase in height. The same crest approaching the bay continues unimpeded (because water depth in front of the bay is deeper) and so moves ahead of the wave segment at the headland. Segments A and B at position 1 in Figure 21.3 are in deep water and are unchanged, but by the time they have reached position 3, A has slowed down and shortened its wavelength. It therefore lags behind B which is still unchanged. By the time the wave reaches position 5, A is about to break on the headland while B is advancing more slowly into the bay. The end result is that the wave crest is bent progressively by refraction so as to conform to the bathymetric contours and ultimately break parallel to the shoreline.

  The convergent pattern of the orthogonals (the lines drawn at right angles to the wave crests, showing the direction of movement of the wave crest) shows that the wave energy in segment A is concentrated onto the headland. In the bay, wave height is reduced since the energy of segment B is spread out across a greater length of shoreline. Therefore, headlands tend to be sites of erosion while bays tend to be sites of deposition. The tendency is for waves to create a smooth, linear coastline, but this often does not happen because of differences in the strength of rocks (resistance to erosion) on headlands versus embayments.

  
    [image: ]
    Figure 21.3. Wave refraction at a headland.

  

  Erosion, Transportation and Deposition along coasts

  A number of mechanical and chemical effects produce erosion of rocky shorelines by waves. Depending on the geology of the coastline, the nature of wave attack, the tidal regime, and the long-term changes in sea level, erosional landforms such as wave-cut notches, marine cliffs, sea caves, arches and sea stacks can be formed.

  Transportation by waves and currents is necessary to move rock particles eroded from one part of a coastline to a place of deposition elsewhere. One of the most important transport mechanisms results from oblique angle of wave attack relative to the shoreline orientation. The upward movement of water onto the beach (swash) occurs at an oblique angle. However, the return of water (backwash) is at right angles to the beach, resulting in the net movement of beach material laterally. This movement is known as beach drift. The never-ending cycle of swash and backwash and the resulting longshore drift can be observed on all sandy beaches.

  Waves approaching the shoreline at an oblique angle also force longshore currents, especially in troughs between nearshore sand bars. These longshore currents are distinct from the longshore drift described earlier which operates directly on the foreshore or lower beach. In addition, tidal currents along coasts can be effective in moving eroded material. While incoming and outgoing tides produce currents in opposite directions on a daily basis, the current in one direction is usually stronger than in the other resulting in a net one-way transport of sediment. Longshore currents and tidal currents in combination with waves will determine the net direction of sediment transport and ultimately where sediment is eroded and deposited along the shoreline.

  Many kinds of depositional landforms are possible along coasts depending on the geological configuration of the coastline, direction of sediment transport, character of the waves, and shape and steepness of the underwater slope offshore. Some common depositional forms are spits, bayhead beaches, barrier beaches or bayhead bars, tombolos, hooked spits and cuspate forelands or bars (Figure 21.4).

  
    [image: ]
    Figure 21.4. Depositional landforms on coasts.

  

  Coastal Sediment Budgets

  Sediment budgets are used to understand changes in beaches and coastlines over time. When constructing a sediment budget, a geomorphologist will try to quantify (measure or estimate) the inputs, outputs and changes in storage within a coastal compartment referred to as a ‘littoral cell’. The concept of a littoral cell is to a coastal geomorphologist what a watershed or drainage basin is to a hydrologist—it is an easily identified system of study with natural boundaries. For a beach system, the sediment budget is generally concerned with sand-sized particles (0.2 – 2 mm diameter) and larger (> 2 mm diameter). The inputs and outputs of a coastal sediment budget may consist of some or all of the components listed in Table 1. It is important to note in Table 1 that there are a number of locations/processes that can act as sources or sinks of sediment, depending on the local geography and time period of interest. Inputs can come in the form of point sources (e.g., river) or line sources (cliff erosion).

  When inputs are greater than outputs over some period of time, a beach will grow (prograde, storage is positive). When outputs are greater than inputs, the beach will shrink (erode, storage is negative). The net sediment budget is given by:

  
     
     
    [image: \[ Inputs - Outputs = \Delta Storage \]]
  

  
    Table 21.1. Components of a littoral sediment budget. 	Inputs 	Outputs 
 	Littoral transport in 	Littoral transport out 
 	Rivers 	Offshore transport 
 	Coastal dunes 	Coastal Dunes 
 	Inlets/lagoons 	Inlets/lagoons 
 	Estuaries 	Estuaries 
 	Dredging 	Dredging 
 	Precipitation and solution 	Precipitation and solution 
 	Beach nourishment 	Sand mining 
 	Shellfish and sea grass beds 	 
 	Cliff erosion 	 
 	Coral reefs 	 
  

  

  Sea Level Change

  Sea level is not constant through time or space. Figure 5 shows changes in global sea level over the past 150,000 years. A number of processes contribute to changes in sea level both globally and locally:

  
    	Growth and decay of glaciers and ice sheets affect the amount of liquid water

    	Land surface elevations change through time due to plate tectonics

    	Local land surface elevation changes due to melting of overlying glaciers (isostatic adjustment)

    	Rise or fall of water level due to heating and cooling of water that leads to expansion and contraction of water in terms of total volume in the oceans

  

  Bathymetric maps show the topography of the land surface below the water level in the same way that a contour map shows the topography of hills and mountains.

  
    [image: ]
    Figure 21.5. Changes in global mean sea level over the past 150,000 years.

  

  Lab Exercises

  This lab includes a number of exercises to help build your understanding of coastal processes. You will need access to Google Earth and the ability to scan an image and create a PDF. These exercises will require 2-2.5 hours to complete. You will submit your work following the instructions of your professor or lab instructor.

  
    
      EX1: Properties of Waves

    

    
      
        	Using the background information on wave properties provided above and your textbook, calculate the following wave characteristics. Assume the waves are in deep water and include the correct units in your answer. 	P = 12s, V = 5.3m/s,  L = ______________________
	P = 24s, L = 45m,  V = ______________________
	L = 4.5m, V = 1.6m/s,  P = ______________________
	Sitting on a beach, you count 20 waves break in a three-minute period and estimate the wavelength to be 46 feet. What is the wave velocity (in m/s)? Note that 1m = 3.281ft.



      

    

  

  
    
      EX2: Waves Approaching Shore

    

    
      
        	
          
            	Wave properties can change as a wave approaches shore. Using Figure 2, describe the changes to the length and height of this wave when: 	A wave with wavelength of 40m and height of 0.8m, starting in deep water and moving into water 10m deep.



          

        

      

      	 	Ratio 	Shallow water height or depth (m) 
 	Shallow Water Depth: Wavelength 	 	 
 	Wavelength 	 	 
 	Wave height 	 	 
  

      
        	
          
            	
              
                	A wave with wavelength of 16m and height of 1.2m, starting in deep water and moving into water 2m deep.

              

            

          

        

      

      	 	Ratio 	Shallow water height or depth (m) 
 	Shallow Water Depth: Wavelength 	 	 
 	Wavelength 	 	 
 	Wave height 	 	 
  

      
        	
          
            	
              
                	Explain what happens to wave height as a wave approaches shore and why.

              

            

          

        

      

    

  

  
    
      EX3: Coastal Sediment Transport

    

    
      
        
          [image: ]
        
        Figure 21.6. Google Earth Image of James Island, BC, Canada showing evidence of longshore drift [location: 48o35’N 123o21’W] Figure courtesy of Google Earth

      

      
        
      

      
        	What is the direction of littoral sediment transport on James Island (Figure 6)? What evidence leads you to that conclusion?

        	What is the source of the sediment being moved along the coast? (you will need to use Google Earth to have a closer look)

        	View the Google timelapse at the link below. What is the direction of longshore drift? Use the appropriate cardinal directions (N, S, E, and W).

      

    

  

  
    
      EX4: Coastal Landforms

    

    
      
        
          [image: ]
        
        Figure 21.7. Google Earth Image of Coastal landforms near Tofino, BC, Canada [location: 49o06’ N, 125o53’ W] Figure courtesy of Google Earth

      

      
        	Identify the labeled features (A, B, C) on Figure 7

        	Explain how feature A likely formed.

        	What is the dominant direction of incoming waves?

        	Locate the following features on Google Earth. Answer the associated questions. 	21º 19’ 59”N, 158º 07’ 25”W. 	Are these natural or artificial bays? How can you tell?
	What geomorphic role do the little islands play at the mouth of the bays?


	21º 16’ 24”N, 157º 49’ 29”W. 	What are these features?
	What purpose do they serve?


	On Google Earth, find the islands of Bora Bora and Tahaa, French Polynesia. 	What are these features?
	Which island is older?
	What will they eventually become?





      

    

  

  
    
      EX5: Coastal Sediment Budgets

    

    
      Sediment budgets are used to understand changes in beaches and coastlines over time. A sediment budget was developed for Sandy Beach in the 1960’s (see Table 2 and Figure 21.8).

      Table 21.2. Sandy Beach sediment budget. 	Inputs 	Sand volume (m3/y) 
 	Littoral inputs 	5,000 
 	Sandy River 	113,000 
 	Cliff erosion 	42,000 
 	Outputs 	Sand volume (m3/y) 
 	Littoral outputs 	165,000 
 	Offshore transport 	18,000 
  

      

      
        
          [image: ]
        
        Figure 21.8. Schematic of Sandy Beach sediment budget components.

      

      

      
        	Based on the data above, what was the net sediment budget in the 1960’s?

        	During the 1960’s, was the beach growing, shrinking or staying the same?

      

      In the 1970’s and 1980’s a number of multi-millionaires built mansions on the top of the cliffs above the beach. The owners were worried about their homes falling into the ocean due to erosion of the cliffs, and constructed revetments along the cliff base. As a consequence, cliff erosion was reduced to 20,000 m3/y. Erosion wasn’t completely stopped because a section of the cliffed coast was managed by a Coastal Conservancy that did not want to build revetments. Thus, certain portions of the cliff remained natural and unprotected.

      
        	Recalculate the net sediment budget following the decrease in cliff erosion. 	Is the littoral cell gaining or losing sediment?
	Will erosion or deposition be uniformly distributed along the entire length of shoreline backed by the cliff? Explain.



      

      Changes in the sediment budget will have an effect on the width of the beach (beach distance from cliffs to sea level) over a period of years to decades. Some coastal engineers have predicted that a positive sediment budget of 5,000 m3/y would add 0.1 m to the width of the beach, while a loss of 5,000 m3/y results in a decrease of 0.1m to the width of the beach.

      
        	Prior to construction of the revetments, the beach had an average width of 35 m. Howlong would it have taken for the beach to recede (erode) back to the base of the cliff?

      

    

  

  
    
      EX6: Sea Level Change

    

    
      
        	Refer back to Figure 5 to see how sea level has changes through time. Approximately how high was the sea level (compared to today’s sea level): 	18,000 years ago? _____________________
	40,000 years ago? _____________________
	90,000 years ago? _____________________
	140,000 years ago? _____________________



        	When sea level falls, the coastline moves in an oceanward direction. When sea level rises, the coastline moves in a landward direction. A bathymetric map shows the depth of an ocean or lake where contour lines connect points of equal depth below present sea level. On the bathymetric map provided) in Worksheets): 	Indicate where the coastline would have been at each of these times.
	Draw each coastline as a line on the map in a different color.
	Fill in the key to indicate which color matches which time.
	Upload a PDF of your completed map (in colour) to the course Moodle page



        	The two stars show the locations of ancient archeological sites discovered by Jacques Cousteau! He found that these communities lived at an ancient coastline and survived on a diet of fish. Given your knowledge of the changing sea level from the graph above, estimate the age of these archeological sites.

      

    

  

  
    
      Reflection Questions

    

    
      
        	What happens when a wave approaches shore and why?

        	Considering coastal sediment transport (erosion and deposition), describe the ideal location to build your dream beach front home.

        	What is the best method of protecting built structures along the shoreline from wave erosion and why?

        	What are the seabed and wave characteristics that result in good waves for surfing and why?

      

    

  

  Worksheets

  
    
      [image: ]
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Lab 10: Environmental Controls on Biogeography
Gillian Krezoski



  
  Biogeography is the science that attempts to document and understand spatial patterns on biodiversity. There are many biotic (living) factors that determine where biotas (e.g. assemblages of plants, animals) live, including competition, predation, etc., as well as abiotic (environmental) conditions like fire, soil type, etc. In this lab we will examine two major abiotic conditions that have a strong impact on what type of plant and animal species live where, worldwide: climate and topography. Species adapt and survive based on these factors or die out if challenges created by these conditions become too hard to overcome.

  The sun drives the Earth’s climate. The sun is a major source of energy and thus also the primary driver of life on Earth. The sun provides energy to heat the planet (thus making the planet habitable) as well as the energy source used for photosynthesis by the base of our planet’s food chain. The sun’s energy heats the atmosphere, creating winds, influencing evaporation and precipitation, and driving atmospheric circulation. Climate is an important long-term environmental factor to which species adapt and is often categorized using temperature and precipitation.

  Topographic conditions, or surface roughness, can also impact climatic conditions. Higher elevations, though closer to the sun (and thus in theory receiving more of the sun’s energy) are also closer to colder outer-space. Additionally, there is less energy in the atmosphere at higher elevations due to less pressure, and therefore heat cannot be trapped as easily. Species living in higher versus lower elevations must be adapted to atmospheric pressures at those locations, and potentially lower oxygen levels at higher elevations. Mountains also create orographic lift and rain shadows, impacting local climatic conditions.

  Together these two concepts combine into the formation of climate zones throughout the world. A commonly used climate map based on temperature and precipitation characteristics is the Köppen-Geiger climate map (Supporting Materials – Appendix A). Examine the map and note how climate zones change around the world, near the equator, near the poles. Examine the topographic map (Supporting Materials – Appendix B) and see if you can identify different climate regions based on topography.

  
    
      Learning Objectives

    

    
      After completion of this lab, you will be able to:

      
        	Collate observations and conclusions from several datasets.

        	Begin to understand how climate and topography create different biogeographic zones.

        	Analyze spatial data to determine abiotic impacts on oak tree diversity in North America.

      

      

    

  

  Pre-Readings

  Earth’s Biomes and Ecosystems

  Earth is divided into several biomes based on temperature, precipitation, and several other abiotic factors. Read more about Earth’ biomes at the University of California Museum of Paleontology.

  Additionally, any published basic geography textbook should have a section describing biomes and ecosystems.

  Information about Oaks

  The United States Department of Agriculture has a comprehensive agriculture Handbook series that covers Quercus species:

  Burns, R. and Honkala, B. (1990) Silvics of North America. Volume 2. USDA. https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/vol2_table_of_contents.htm

  Quercus Species, fire and human history

  Oak species are a sun-loving hardwood that has a particular dependence on fire to eliminate shade-tolerant competition. Oaks have a long past interleaved with human history, including cultivation of the desirable hardwood for building and acorns for sustenance. Historic human populations setting fires (prescribed burns) in oak ecosystems to aid in the health of the local oak species ecosystem has been well-documented. One species in particular, indeed the only species native to British Columbia, the threatened Garry Oak (Quercus garryana), has a strong relationship with native peoples and prescribed burns in south-western B.C.

  More can be read about Garry oaks and prescribed burns here:

  Pellat, M., Gedalof, Z. (2014) Environmental change in Garry oak (Quercus garryana) ecosystems: the evolution of an eco-cultural landscape. Biodiovers Conserv. Creative Commons Attribution License. https://pics.uvic.ca/sites/default/files/uploads/publications/Pellatt%20and%20Gedalof%20Biodiversity%20and%20Conservation%202014.pdf

  Climate zones

  Any published basic geography textbook should have a section describing global climate zones and the Köppen-Geiger classification method.

  A basic understanding along with good visual worldwide map can be gleaned at the National Geographic Resource Library.

  Lab Exercises

  For this lab, we will be examining then mapping the geographic distribution of 10 oak (Quercus) species in North America. There are at least 90 species in North America alone. Each have developed traits to adapt to abiotic conditions in their local environments. Based on your findings, you will answer several discussion questions designed to draw a link between actual environmental conditions, and oak species adapted to living in those areas.

  
    
      EX1: Creating a Summary Table and Distribution Map of North American Oak Species

    

    
      1. Access the summary sheets for 10 oak species located in the Supplementary Materials at the end of this lab (Supporting Materials – Appendix C). Using the linked plant fact sheets, Populate Table 1, located in the Worksheet area, below.

      2. Next, examine the map distributions included in the supplementary materials to see where each species is currently found. You will use the maps in Appendix A and B (in Supporting Materials) to compare with the distribution areas of each species. Determine climate code and general topography of the species distribution area, and record in Table 1.

      3. Finally, using the distribution maps, complete Map 1 – spatial distribution of selected Quercus species in North America (Worksheets, below).

      
        
          [image: ]
        
        Figure 10.1. Example – tick marks showing distribution map of Quercus lyrata (overcup oak) – click on the image for better resolution. (Blank Map 1 is included in Worksheets). Figure courtesy of Journey North

      

      Place a ‘tick mark’ within each ‘grid’ box created by the 5 degrees (N-S) latitude and 10 degrees longitude (E-W) lines that cover the same area as each species to demonstrate distribution areas. You do not need to separate species by colours, but you might want to use a colour other than black so your tick marks stand out against the background.

      For example, if your species covers areas of the west coast, you will put a tick mark in each box along the west coast as appropriate. You may print out the map, draw your tick marks by hand, and scan, or use PowerPoint or Word to draw directly on an electronic image (full map in Worksheet section, below). You will submit a version of Map 1 and Table 1 with your report.

    

  

  
    
      Reflection Questions

    

    
      
        	Based on Map 1 and Table 1, identify any species distribution groupings (e.g. southeastern, etc.) you observe. Describe the grouping’s location, which species are included, and why you grouped those species together. Include mention if any of your species overlap groupings and where. Hint: you should have at least 3 groupings.

        	Garry Oak (Quercus garryana) is the only species of oak tree native to British Columbia, however we see lots of Quercus robur trees around the southern end of the province as well. After completing a quick online search, what is the common name for Quercus robur species and explain why it does so well in the southern British Columbian climate? (Hint: You will want to refer to a worldwide Köppen-Geiger climate zone map – the one included in the PR3 link would be useful).

        	Using the groupings from Question 1, 	Describe the representative climate for each grouping. If you have more than one representative climate, describe what it is and why.
	Describe the representative topography for each grouping. If you have more than one representative topography, describe what it is and why.
	Describe the representative tree/shrub characteristics of each grouping (growth habit, height, evergreen versus deciduous, leaves). If you have two different types or representative characteristics, describe each and *why* you are seeing two types of species adaptations within a geographic area.
	Be sure to establish a link between climate, topography and species adaptations for full marks.
	For each grouping, mention which abiotic condition, climate or topography, appears to be the main influencer on species adaptations and why.



      

      Organize your discussion per grouping, with a subheading listing the group and location before each summary. Each grouping summary should be around 500 words (~1 page).

      
        	We have examined two abiotic factors (climate and topography). Based on your classroom lecture, textbook, and pre-reading materials, list and describe three other abiotic or biotic factors that could impact oak tree distribution and species characteristics. Propose a way that each of the three factors could be studied in future lab exercises.

      

    

  

  Worksheets

  
    
      [image: ]
    
    Map Worksheet Figure courtesy of Journey North

  

  Table 1

  
    	
      Lab 10 Table 1 [Word]
    

    	
      Lab 10 Table 1 [ODT]
    

    	
      Lab 10 Table 1 [PDF]
    

  

  Map Worksheet

  
    	
      Lab 10 Map 1 Worksheet [Word]
    

    	
      Lab 10 Map 1 Worksheet [ODT]
    

    	
      Lab 10 Map 1 Worksheet [PDF]
    

  

  

  Supporting Material

  Appendix A: Köppen-Geiger Climate map of North America

  
    
      [image: ]
    
    View file in colour to determine climate zones. Descriptions can be found below. Figure courtesy of M.C. Peel, B.L. Finlayson and T.A. McMahon

  

  
    
      [image: ]
    
  

  Appendix B: North American Topographic Map

  
    
      [image: ]
    
    
      Figure courtesy of NASA/JPL-Caltech 
    

  

  Appendix C: North American Oak Species Characteristic Fact Sheets

  Quercus alba: https://plants.sc.egov.usda.gov/factsheet/pdf/fs_qual.pdf

  
    
      [image: ]
    
    Figure 10.1. Quercus alba distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  Quercus bicolor: https://plants.sc.egov.usda.gov/plantguide/pdf/cs_qubi.pdf

  
    
      [image: ]
    
    Figure 10.2. Quercus bicolor distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  Quercus chrysolepsis: https://plants.usda.gov/plantguide/pdf/pg_quch2.pdf

  
    
      [image: ]
    
    Figure 10.3. Quercus chrysolepsis distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  
    Quercus douglasii:
    https://plants.usda.gov/plantguide/pdf/cs_qudo.pdf
  

  
    
      [image: ]
    
    Figure 10.4. Quercus douglasii distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  Quercus garryana: https://www.sevenoaksnativenursery.com/native-plants/trees/quercus-garryana/
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    Figure 10.5. Quercus garryana distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  
    Quercus macrocarpa: 
    https://plants.sc.egov.usda.gov/plantguide/pdf/pg_quma2.pdf
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    Figure 10.6. Quercus macrocarpa distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  Quercus michauxii: https://plants.usda.gov/factsheet/pdf/fs_qumi.pdf
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    Figure 10.7. Quercus michauxii distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  Quercus phellos: https://plants.usda.gov/factsheet/pdf/fs_quph.pdf
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    Figure 10.8. Quercus phellos distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  
    Quercus rubra:
    https://plants.sc.egov.usda.gov/plantguide/pdf/cs_quru.pdf
  

  
    
      [image: ]
    
    Figure 10.9. Quercus rubra distribution map. Figure courtesy of the U.S. Department of Agriculture

  

  Quercus virginiana: https://plants.usda.gov/plantguide/pdf/pg_quvi.pdf
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    Figure 10.10 Quercus virginiana distribution map. Figure courtesy of the U.S. Department of Agriculture
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Lab 19: Fluvial Geomorphology and Landforms
Katie Burles and Crystal Huscroft



  
  Water in streams is one of the most widespread and important agents of erosion and deposition on Earth. Flowing water has the ability to free rock material, set it in motion, and then transport materials downstream to depositional environments. These stream-related geomorphic processes produce predictable fluvial landforms. While predictable, these landforms are dynamic and routinely shift over time.

  This lab activity will provide students with satellite views of fluvial landforms around the world using Google Earth. Students will demonstrate their understanding of fluvial geomorphology processes and associated landforms by creating an annotated virtual guided fluvial landform tour.

  
    
      Learning Objectives

    

    
      After completion of this lab, you will be able to:

      
        	Identify, interpret and sketch fluvial processes and their characteristic landforms using Google Earth imagery

        	Differentiate braided and meandering channel patterns and provide evidence for why they formed

        	Identify locations of erosion and deposition in streams

        	Locate and describe common landforms of meandering streams and floodplains

        	Demonstrate understanding of local base level in streams

        	Calculate stream gradient for different channel patterns

      

    

  

  Pre-Readings

  Introduction to Fluvial Geomorphology and Landforms

  Understanding of the following Key Terms is required for this lab:

  
    
      	Stream discharge

      	Stream velocity

      	Stream sorting

      	Fluvial erosion

      	Abrasion

      	Aggradation

      	Depositional environments

      	Flooding

      	Braided stream

      	Floodplain

      	Meanders

      	Thalweg

      	Cut bank

      	Point bar

      	Meander necks

      	Cutoff

      	Oxbow lake

      	Meander scar

      	Base level

      	Delta

      	Fluvial fan

    

  

  Instructional Tour in Google Earth (Web)

  Read this lab outline and exercises before completing this pre-reading. Download the KML file “Instructional Tour: Fluvial Geomorphology Lab” on your computer or Google Drive (in Worksheets). Open Google Earth (Web), NOT Google Earth Pro and create a NEW PROJECT and select IMPORT KML FILE FROM COMPUTER OR GOOGLE DRIVE. Select PRESENT. Take your time to zoom in and out at each location to view the specific examples. Please note there is no audio for this tour. Alternatively, a PDF document with screen captures of the instructional tour is available. Complete the instructional tour provided to learn more about how to find and draw the fluvial features included in the virtual guided tour.

  Calculating Gradient

  Water flows from higher elevation to lower elevation on the Earth’s surface. The gradient (slope) of a stream influences not only the channel pattern (braided or meandering) but also its discharge, velocity, depth, width and ability to transport sediment. In order to get a sense of the processes operating on a segment of a stream, and in preparation for fieldwork, stream hydrologists will regularly determine stream gradients.

  The gradient or slope of a stream is calculated by the difference in elevation between 2 points on a stream divided by the distance between the 2 points following the channel where water actually flows. When using paper maps, the elevation change of the stream is estimated by determining the elevation of the start and end point of the reach using contour lines and the distance of the stream is measured by measuring the distance travelled with a ruler. For this lab, measurements will be collected in Google Earth (Web). When measuring the distance of the stream we must follow the path of the stream and not just a straight line distance (unless the reach of the stream is straight).

  After obtaining the elevation change and the distance between two points, gradient can be calculated and expressed in 1 of 3 ways:

  
    	In elevation fall per channel reach distance (m/km): = elevation (m) (rise) / distance (km) (run)

    	As a percent (%):

    	As an angle (degrees) (Figure 1):

  

  
    
      [image: ]
    
    Figure 19.1. Slope Calculation

  

  Example: if a stream drops 100m over a 1km distance, its gradient is 100 m/km, 10%, or 5.7 degrees.

  Low gradient streams are almost flat and have very little slope, whereas high gradient streams indicate a steep slope. Gradient is a key control of stream velocity, which in turn controls sediment erosion and deposition in a stream. High gradient streams have more rapid velocity, higher ability to erode the Earth surface, and greater capacity to transport coarser sediments. Low gradient streams have slower moving water, lower ability to erode the Earth surface, and may only be able to carry fine sediments.

  Attribution Guidelines for using Google Earth Content

  All uses of Google Maps and Google Earth content must follow specific attribution guidelines. Students submitting screen captures of all stops on the virtual tour created in Exercise 1 must therefore follow attribution guidelines for using Google Earth content.

  Screen captures must include the Google logo and third-party data providers in the imagery (Figure 2). This attribution information is shown on the bottom of the screen. The size of the attribution text must be readable for the screen capture.

  
    
      [image: ]
    
    Figure 19.2. Google Earth screen capture, including Google logo and third-party data providers. Figure courtesy of Google Earth

  

  Lab Exercises

  This lab includes two exercises:

  Exercise 1. We will create a virtual guided fluvial landform tour in Google Earth (Web).

  
    	A list of features is provided in the lab exercise. Each feature will be a stop on the tour.

    	For each stop on the tour, include a detailed description of how this feature formed with clear evidence and observations. Consider any human interference or land use near the features.

    	This exercise will take around 1.5-2 hours to complete. The length of time allocated to this exercise will depend on familiarity using Google Earth (Web) and background understanding of fluvial features.

  

  Exercise 2. We will calculate stream gradient for two different streams included in Exercise 1.

  
    	Both gradient calculations will be included as stops on the tour.

    	For each calculation, draw an accurate line following the thalweg of the main channel of the stream reach and a detailed list of measurements and calculations will be included.

    	This exercise will take around 0.5 hours to complete. Similar to Exercise 1, the length of time allocated to this exercise will depend on familiarity using Google Earth (Web) and calculating gradient.

  

  
    
      EX1: Create a Guided Fluvial Landform Tour

    

    
      Open Google Earth (Web), NOT Google Earth Pro. From the PROJECTS menu on the left of the screen, select “New Project”. In the drop-down options, select “Create KML file”. Edit the title to include your last name, then first name, student number, and lab number <Doe John c0453993 L19>).

      The PROJECT will be the basis of the Guided Fluvial Landform Tour. Some background research may be required to find good locations of various fluvial features. Alternatively, the lab instructor will provide specific regions to focus the tour.

      In the SEARCH menu on the left of the screen type in the name or coordinates (LAT/LONG) of the starting location. Your starting location should be a delta feature (see Exercise 1)

      To navigate Google Earth (Web) become familiar with the tools available on the bottom right of the screen.

      
        	Zoom in and out using the – and +

        	Options to view imagery in 2D or 3D

        	Compass arrow allows the user to change the cardinal direction of their view

      

      To create the PROJECT become familiar with the tool available for creating NEW FEATURES. There is a tutorial available on Google Earth (Web) that demonstrates this. There are lots of icons available to customize placemarks, lines, or shapes. Name your project Lastname,_Firstname, Fluvial Geomorphology (eg. Doe, John, Fluvial Geomorphology).

      
        	Add Placemarks to add a point in the tour

        	Draw a line or shape to clearly outline, identify and sketch the features

      

      Select the first feature, click on NEW FEATURE.

      
        	In the name box, type in the name of the feature and your last name (ex. Meander scar, Doe).

        	EDIT the feature. In the info box, type a description of the feature, including evidence and an explanation of how this specific feature was formed. Be as specific as possible here and DO NOT generally discuss the feature. It may be interesting to note an evidence of human interference with the feature that may have influenced its development.

        	If possible, add a referenced image to further enhance the tour. If using images from the web, proper image attribution must be included.

      

      For the PROJECT find examples of the following fluvial features:

      
        	Delta (outline the location of the delta, if possible) (Feature #1)

        	Fluvial fan (outline the location of the fan, if possible) (Feature #2)

        	Braided stream (Feature #3)

        	Meandering stream (Feature #4), including the following additional Features (#5-13) for the same stream. 	Point bar (outline the location of the point bar #5)
	Cut bank (trace the cut bank #6)
	Stream meander (trace the stream meander #7)
	Neck (draw a line between the two meanders to distinguish the neck #8)
	Cut off (outline a location where a meander has been cut off from the stream #9)
	Oxbow lake (outline the oxbow lake #10)
	Meander scar (outline the meander scar #11)
	Location of a future oxbow lake (draw to demonstrate where a future oxbow lake could occur in the meandering stream #12)
	Local base level for the meandering stream (placemark a local base level #13). NOTE: depending on the stream this could be sea level, local lake, larger stream



      

      When finished, try watching the presentation of the tour. Each feature above MUST be in the chronological order (Table 1). See Table 1 as a guide to identifying and describing landforms as well as a checklist.

      Table 19.1. Description of features and what to look for in Google Earth (web) 	Feature 	Description and what to look for (information included in the Instructional Tour)  	Checklist (complete) 
  	Delta 
 	A stream delta is an accumulation of sediment that forms where a stream reaches base level (i.e. lake or ocean) 
 What to look for: 1. Locations where streams enter a standing body of water such as ocean or lake, 2. Distinct pattern of drainage often similar to branching of tributaries, 3. Deltas are often triangular in shape (resembles the Greek letter delta(Δ)), but not all deltas take this shape. and 4. The shape may depend on the stream’s sediment load, influence of water currents in the other body of water, and whether or not surrounding land prevents the spreading of the delta sediment
 	 
 	Fluvial fan 
 	A fluvial (alluvial) fan is a gently sloping, broad cone shaped accumulation of water-transported sediment deposited where a stream exits stepper topography and flows onto gentler ground at the base of a mountain range. What to look for: 1. Often are cone shaped, 2. The apex (higher elevation) is the narrowest part of the fan and the apron (lower elevation) is the widest part, 3.Can range in size from the very small to the truly massive (The largest are often seen best from space), and 3. Evidence of multiple stream channels on the fan surface (When water flows through channels on the alluvial fan it only occupies a small portion of the fan at any one time. Over many centuries or longer, the streams will migrate from one side of the fan to the other, building it up)
 	 
 	Braided stream 
 	A stream that forms from multiple intertwining channels around sediments in the streambed. What to look for: 1. Multiple channels, 2. No or little (young) vegetation on islands commonly shaped like rounded diamonds of gravel or sand between channels, 3. High sediment load, 4. Most originate from glaciated areas, but they can form in other settings downstream from large quantities of sediment such as volcanoes, 5. Often found downstream of terrain that experiences significant erosion, including mountain ranges, 6. Can occur in low gradient areas with abundant fine sediments like deserts, and 7. Common pattern on alluvial fans.
 	 
 	Meandering stream 
 	A meandering stream has a single channel with a snake-like (sinuous) pattern. What to look for: 1. Streams channel resembles snake-like (sinuous) pattern with a series of broad loops, 2. Mid-channel bars (islands) will be uncommon and have established vegetation, 3. Streams migrate laterally by sediment erosion on the outside bend of the meander and deposition on the inside of the bend, and 4. Numerous oxbow lake (filled with water) and abandoned channels may be located in the flood plain surrounding the stream.
 	 
 	Point bar 
 	An accumulation of sediment that forms along the inside edge of a stream meander. This is a depositional feature. What to look for: 1. Located inside of the meander, 2. Point bars will gently slope towards the water edge, and 3. Obvious sediment accumulation when stream level is low with little to no vegetation and appears light coloured.
 	 
 	Cut bank 
 	Cut banks form on the outside edge of a meander where steam flow is highest. This is an erosional feature. What to look for: 1. Located at outside edge of the meander, 2. No deposited sediment, 3. Often a steep slope between the steam edge and surrounding vegetation on the flood plain, and 4. Narrow band or no light-coloured sediment exposed.
 	 
 	Stream Meander 	A meander is a looping bend in a steam channel. What to look for: 1. Meander will be one of a series of sinuous curves in the steam.
 	 
 	Neck 	As meanders converge due to erosion along two cutbanks form meander necks. Once the neck shortens the two meanders join. The main flow of water (the thalweg) will abandon the meander and flow across the neck. The existing meander will eventually form an oxbow lake. What to look for: 1. Locations where two cuts banks on meanders are narrowing the distance between two meanders.
 	 
 	Cut off 	When the meander neck closes, a cutoff forms where the two meanders join. What to look for: 1. Straight new stream channel section adjacent to a newly formed oxbow lake, and 2. In some locations the edge of the new stream channel will have natural levees separating the new channel and the oxbow lake.
 	 
 	Oxbow lake 
 	Oxbow lake forms when a meander is cut off from the channel. What to look for: 1. Meander full of water separated from the main channel, 2. Adjacent to a suspected oxbow lake will be a cutoff in the main channel, and 3. Artificial leeves may separate the oxbow lake and the main channel.
 	 
 	Meander scar 
 	Meander scars are oxbow lakes that are now filled with sediment and vegetation. What to look for: 1. Evidence of past oxbow lake adjacent to stream cutoff, and 2. Often filled with young vegetation and can be important wetland areas.
 	 
 	Future oxbow lake 
 	Oxbow lake forms when a meander is cut off from the channel. You will notice a cut off starting. 
 What to look for: 1. Evidence of a cut off that could form an oxbow lake in the future.
 	 
 	Local base level 
 	Streams stop flowing when they reach base level. Local base level can form when the stream is dammed by naturally (such as beaver dams or landslides) or artificially by people (such as an artificial lake called a reservoir). What to look for: 1. Follow the stream channel until it reaches a local base level or ultimate base level (ie. sea level), and 2. Look for delta features.
 	 
  

    

  

  
    
      EX2: Calculate Steam Gradient

    

    
      Using Google Earth (Web), calculate the approximate stream gradient (of the slope of the stream slope) for both the braided and channelized stream selected in the first set of Exercises.

      Find 20 m of elevation loss in the main channel of each stream by hoovering the pointer (mouse) over the channel and reading the elevation from the bottom right corner of screen.

      ADD a NEW FEATURE and DRAW a line between the upstream (higher) elevation and downstream (lower) elevation of the stream reach that represents 20 m of elevation loss. Remember to follow the path of the channel and not just the straight distance. Note the general direction of flow of this stream. These lines will be features #14 (braided) and #15 (meandering).

      MEASURE the channel length distance using the MEASUREMENT tool located on the MENU on the left side of the screen. Collect the measurement following the feature line following the path of the channel.

      EDIT the FEATURE Description and add the following information about the gradient calculation:

      Upstream Elevation = ___ m

      Downstream Elevation = ___ m

      Difference (rise) = __ m

      Channel Length Distance (run) = ___ km

      Gradient = ___ m/km

      Gradient = ___ %

      Gradient = ___ degrees

    

  

  
    
      Reflection Questions

    

    
      Please take 15 minutes to answer the following questions and add them to the tour.

      
        	Reflecting on the imagery in Google Earth respond to the following questions: 	Is the imagery in real-time? Why or why not?
	Are the braided and meandering streams observed at high or low stream discharge? Support this answer with evidence from the exercises.



        	Compare and contrast the gradients calculated in Exercise 2 for the two streams including in Exercise 1. Reflect upon your understanding of how does the value of the calculated gradient indicate the dynamics of the stream including its ability to erode, transport, and deposit sediment? What other information would you need to learn in order to make a more informed answer to this question?

        	What are the limitations of measuring gradient using Google Earth?

      

    

  

  Worksheets

  
    	
      Lab 19 Instructional Tour
    

  

  Attributions

  
    Media Attributions

    
      	Figure 19.1 Slope Calculation © Crystal Huscroft is licensed under a CC BY-NC-SA (Attribution NonCommercial ShareAlike) license

      	Figure 19.2 Google Earth screen capture © Google is licensed under a All Rights Reserved license

    

  

  





  
  





Lab 22: Geomorphology Virtual Field Trip
Todd Redding and Chani Welch


  
  Lab coming soon.
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Tutorial: Using Spreadsheets in Geography
Craig Nichol


  
  The spreadsheet tutorial is built within excel. Download the files below and complete the tutorials (tabs within the excel spreadsheet) as instructed by your instructor.

  
    	
      Spreadsheet Tutorial [Excel]
    

    	
      Spreadsheet Tutorial [ODS]
    

  

  




  
  



