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Lesson plan 8 Water Analysis 8 Worksheet

Introduction

One might think that with 71% of the planet's surface covered by water, water shortage does come
close to being part of a tasteless joke. However, some frightening realities sadly shatters this myth.
Indeed, one fifth of the world ha s no access to drinkable water and twice as many people do not
have adequate sanitation. The biodiversity is also increasingly altered by the poor water quality. In
Belgium for instance, the Scheldt river bassin, which is of high ecological importance, the water
quality is know as moderate to bad. Industries, households and agriculture are mainly responsible

for the important decline in biodiversity in this area. Subsequently, severe water management and
policy is essential.

From the Scheldt river bassin in Belgium to the water table of Beijing in China, everyone should
strive for better and more sustainable water management in order to preserve our 'water planet'.
Youth s and adults should be concerned and take action.

Description of the exercise

The main objective of the following exercise is to have a closer look to the water quality of the rivers
and water bodies and to visualize the general state of our water. Therefore, pupils will firstly take
water quality measuremen ts on the field at different locations. The observations will be recorded in
an excel file and then be reported on a digital map. This includes that the locations can be point out
on a map or that coordinates of the locations are taken by means devices suc h as GPS.

At the end of the exercise pupils will be asked to analyse their river segment based on the maps and
graphics which they have created using their water measurments.

Pupils wh o are not familiar with geographic reference systems might consider it valuable to have
first a quick overview of how to deal with point coordinates. This is given at the end of the exercise
For a deeper understanding it is recommended to consult specific documentation about geographic

and projected coordinate systems. Thes e are easily available on the internet and in libraries.

Requirements
- Mapsinclud ing the water analysis area are needed in order to fulfil this exercise. The map
(referred hereafter as background map) can be either in vector or raster format (e.g. scanne d
map, aerial image, etc.). It should be georeferenced too. If th e background map is not
georeferenced then please see  iNote 40 'How can | georeference a map ?.
To start you off , we provide you with background maps of the Schelde river area (North of
France, Belgium and Holland)
1 Riversegment.shp
1 Surfacewaterbodies.shp
1 Country_europe.shp

1 Landcover + Landcover _2.lyr (Symbology/Unique value/Import) (not mandatory)
- Table file (such as Excel) filled with the water quality measurements collected in the field (see
first step) .

For the Schelde river analysis exercise , we have prepared a table with water sampling data
called sampling.xls (there is then no need to go on the field)

Duration of the exercise
2 periods of 50 min, excluding th e data collection onth e field ( water measurments)
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Save the project as an ArcMap document (e.g. WaterAnalysis
that you can stop working on the project at any time without
the work.

.mxd) s o
losing

Teacher note : Throughout the project regularly save the project, no
one is 100% safe for computer  crashes. (Do not forgetto tell  the
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Traing partici
activity activity
1 Preparing the file  which contain s the water quality 2 I X
measurements , which needs to be inserted into  ArcMap
Once the measurements have b een taken, the following columns
should be completed in your file:
- Name & Measurement Group Coordinator
- Name water course
- Date
- Hour
- X coordinates (UTM)
- Y coordinates (UTM)
- Weather
- Temperature (° C)
- Acidity
- Nitrate content (mg /1)
- Phosphate conten t (mg /1)
- Oxygen (mg/1)
- Turbidity (cm)
- Bioticindex (0 -10)
Teacher Note : ArcMap might have some trouble when importing very
long fieldnames, special characters and spaces. We recommend to
keep the field names as short as possible and without specia I
characters. Therefore, t he names given above should be modified
(e.g. name, waterbody, date, hour, X, y, weather, temp, acidity,
nitrate) .
ArcMap has also some trouble importing cellsin "hour" format from
Excel. If it does not work, change the cell form at in Excell as 'text’
instead of 'hour")
Al B | C [ D [ E [ F | 6 [ H
1 |ID Name Waterbody Date Hour X Y Weather
2 1Jon  Zwalmbeek 21sept07 10:30:00 553619 5627879 rainy
3 2 Kelly Dender 03sept07 13:56:00 575801 5637055 storm
4 3 Maria La Durme 03sept07 13:09:00 576988 5662332 storm
5 4Sue  BovenSchelde 03sept07 11:10:00 545361 5643885 storm
6 5Jon K |Leie 06sept07 15:09:00 530722 5642583 blue
7 6Julia Schelde 06sept07 14:11:00 592798 5671028 blue
8 7Kevin Schelde 06sept07 14:08:00 572888 5653393 blue
9
Example of how an excel file should look like before being inserted
into ArcMap
Open ArcMap from the windows start menu I X
Saving a project 21 I X




Lesson plan i Water Analysis T Worksheet

pupils.)

Pl
ey
A -

iGuess

Integrofing GIS Use in Education in Several Subjects

Set spatial ref erence

In case you are usi ng datasets with different spatial reference
system s, we recommend you to set the Data Frame with the more
conventional system.

For instance , the background map could have a national spatial
reference system (such as Belge Lambert 1972) while the fields
measurements could have another system (such as UTM WGS 1984).

Therefore , define the Data Frame reference system by clicking 'Data
Frame Proporties' under 'View'. For instance for project combining
datasets from Belgium, France and  Holland, under the ‘Coordinate
System' tab , select 'Predefined’ then 'Projected Coordinate Systems' >
'UTM' > 'WGS 1984' > 'WGS 1984 UTM Zone 31N.prj'.

Zone 31N includes part of Fra nce, Belgium and part of the
Netherlands .

Adding a file

Add the bac kground map(s) (as mentioned in the requirements ) into
ArcMap .

Teacher note : Overlaying geographic data requires that the
background maps are georeferenced beforehand. If this isn't the
case, you should georeference them first.

41

Import the table created in step 1 (measurements and locations)
from the excel file by using 'Add XY Data'.

Note : The definition of the coordinate system is also important and
should be d efine d while importin g the data into ArcMap . In the
present exercise we propose to use UTM WGS 1984. Therefore,

define the reference system by clicking on the 'Select' button and
choosing 'Projected Coordinate Systems' > 'UTM' > 'WGS 1984' >

'WGS 1984 UTM Zone 31N.prj'.

Good to know : It is possible, after opening an editin g session, to
copy a column from an excel file into a dbf table by means of a
simple 'copy -paste'. This often facilitates the importation of data into
ArcMap.

24

Exporting data

After you have imp orted the locations into ArcMap , you will see a
new data layer in the ArcMap table of content . It might be useful to
save this new layer as a shapefile. Therefore , right click on the new
layer, choose 'Data’ into the dropdown list and click on 'Export Data’'.
Make sure you export 'All Features' and name the ne w shapefile eg.
'‘Sampling.shp'. Add the shapefile into ArcMap .

Note : If necessary you can change the symbols of your sampling
data in your view s o they are more visible.

13
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Screenshot of ArcMap with the locations of water measurements.

Creating a geographical map

Change the symbology of the points s o that it will be easy to
see which places have the highest , or the lowest , biotic
index. There are different options to represent the variable

on the map. In the presen t exercise we propose two ways to
do this;

22

17
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- Ifyou only have afew sampling points _ we advise you to
change the labels using unique values and define them ,
as in the picture below. If necessary you can also flip the
symbols (right -click on symbol tab above the symbols >
flip symbols) in order to have a better representation (eg.
red represent very poor water quality and green represent
very good water quality).

Layer Properties LM
General | Source | Selection I Display ~Symbology I Fields I Definition Queryl Labels ] Joins & Relates ] HTML Popup I
Show:
[eates: | |Draw categories using unique values of one field. Import...
Categories —Value Field ~ColorRamp———————
Unqve valies | [Botcinde =1 | -
Unique values, many f [ g
Matchto symbolsina "o b T Vaie [ Label [Cournt |
Quantities
Charts M@  <lothervaluess <al ther values> 2
Muitiple Attributes Head Water Qual 5
. 1 Extremely poor 1 4+
C‘ 3 Poor 1 &J
O 4 Mediocre 1
. 6 Good 1
. 7 Very good 1
Add All Values | Add Values... Remove | Remove All | Advanced ~ |

ok | Cancel | ooy |

Example of how to classify the biotic index on a map by unique
value.

- If you have numerous samp ling points you might prefer

to use graduated symbols and define them as follow sin
the picture below.
[ Layer Properties m
General | Source | Selection | Display ~Symbology | Fields | Definition Query | Labels | Joins & Relates | HTML Popup |
Show: I — = = =
[Foatues, | |Draw quantities using symbol size to show relative values. Import...
Categories i~ Fields |~ Classffi 1
Quantities Value: Bioticinde v] Defined Interval
i Graduated col E
i (.GJU J::’:SJIS Nomalization: {none v] Classes: |6~ Classify...
i Proportional symbols ~—
Charts Symbol Size from: |4 to: |18
iple Attrib — Template —
Muitiple # Symbol I R ILabeI l: ‘ en;ate
. 1,000000 - 2,000000 Extermely poor —I |
@ 2000001-3000000  Verypoor :

@  3.000001 - 4,000000 Poor
@ 4000001 - 5000000 Mediocre
& 5,000001 - 6,000000 Good

[~ Show class ranges using feature values Advanced ~

oK | Cancel | ooy |

Example of how to classify the biotic index by graduated symbols.

Adding a legend, north arrow and title to the geographical m ap 22 | X
Use the 'Insert’ function in the main menu in order to insert a
legend, a north arrow and a title to the geographical map. For the
legend you might change the name of the layer by 'Biotic Index' and
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the name of the field to 'Water quality’ to ensur e that your legend
has the right title. This is done by double -clicking on the layer name
and field name in the table of content as shown below.
= £ layers T
- Biotic Index
Woter Qunly Water Quality

. Extremely poor i
. I . Extremely poor

. Poor
Very poor
$ Mediocre
¢ Good . ¥
=] RiverNetwork Poor
. @ Mediocre

& BackgroundMaps
@ [0 BackgroundMaps2 ( ) e Good
a

(b)

Figure (a) shows how the data should appear in the table of contents
while Figure (b) shows how the legen  d should look like in the layout
view.
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Labeling the features

Add labels to each point on the map by choosing as label field , a
unique identification number or the name of the water body (eg. ID,

water body). However the later might not be appro priate if you have
several measurement points along the same water body. Indeed , this
label field will serve as  a link between the points on the map and the
data on the graphics  which you will create in the following steps.

26

11

Inserting a graph into the layout

In the previous step we have displayed the water quality on the map
by means of the Bio -Index. However, it might also  be valuable to
insert the temperature and fysico  -chemical properties (oxygen,
phosphate and nitrate concentrations, acidit y and turbidity) of the
water. This can be done by inserting a graph below the map.

Switch to lay -out.

(1) Create a graphic of the chemical properties:

- Create a graph type 'vertical bar'

- Choose as value field 'nitrate’ and as label field 'ID or water
body'

- Make sure that 'show label' is checked

- For the colo ur choose 'custom' in the dropdown list

- Double click on the 'vertical bar' tab below the graphic
window and give ita name

- Add a new series and repeat the steps above for oxygen and
phosphate.

36
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Ail Create Graph Wizard &

Graph type:

|I|J| Vertical Bar _VJ
Layer/Table:

K> Sampling L]
Value field: l Nitrate L]
X field (optional): |<None> L] |Value L]
X label field: IWat&rbody lj
Vertical axis: ILeft _v_]
Horizontal axis: IBottom _v]

v Add to legend I Show labels (marks)

Color: Custom v ] =i vI
Bar style: IRectangIe L]
Multiple bar type: ISide _VJ

Bar size (%): 70 Eﬁ

I Show border

nitrate || oxygen [x|| phosphate x|

Add + Load Template »

Screenshot showing how to make a vertical graph in ArcMap

- Next, give a title for the graphic (eg. Chemical properties)
and for the left axis give as title 'mg/I' as these are the units
of chemical properties.

- Atfter finishing, the graphic will appear in a new win dow. In
order to insert it in the layout, right -click on the graph
window and choose 'add to layout'.

- Inthe layout view you can drag the images and graphs and
position them properly.

(2) Create a graphic of the temperature, turbidity and acidity:

- Repeat the same steps as for the graphic of the chemical
properties but this time make 3 different graphics for the
temperature, the turbidity and the acidity as value field. Since
there is only one variable for each graphic you don't have to
check the check -box 'add to legend'. Define as graphic title
‘Temperature', "Turbidity' and 'Acidity’ and for the left axis
give as title 'degrees Celsius', ‘cm' and 'pH' respectively.

At this point, in ArcMap you should have a geographical map and 4
graphics. Drag the graph ics and the map around such that you have
a nice overview. If you want to modify the graphic properties,

double -click on the graphic and the graphic properties window will

open.

Note : If you want to change the size and the form of the graphic,
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double -click on the graphic and uncheck the check
Aspect Ratio' in the 'Size and Position' tab.
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Screenshot of the layout view after creating a map and 4 graphics.
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Exporting a map

Once you are satisfied with your map and layout you can export it

and/or print it out.

Export your map as Wateranalysis yourname .pdf and save it in your

portfolio on Moodle.

19

42

CONGRATULATIONS!!! You have created a nice map with beautiful graphs. However, what do you think about
it when you take a closer look ? Is it rather nice or frightening? What do the pupils think about the water
as to why some areas seems to be more polluted

quality of their region?
th an others (eg. nearby industrial area, wa

Can the pupils give some reasons

ter body used for intense agriculture, waste water from

households...)? Discuss together with the pupils the possible water management measures and policies
which could make it better or worse.

Note on how to deal with coordinate systems




