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Introduction

Introduction

This exercise requires a PC running Windows 95/98, NT/2000/XP, with ArcView 3.x including Spatial Analyst. The
necessary data and extensions are provided.

The main objective of this exercise is to demonstrate the potential of ArcView for visual explanation. A graphic or
map has proven a powerful means for making information more accessible and for supporting a communication
process.

As a practical example, the basic hydrology of a selected area will be explained to a group of non-hydrologist by
means of a poster.

At the end of the exercise, the trainees will be able to:
e Use ArcView extensions to perform geo-processing operations on feature and grid layers;
* Present a hill-shaded digital elevation model (DEM];
e Extract summary information from an Access database and import the results in ArcView;
e Use ArcView extensions to extend the functionality of the software.

Prepare a poster presenting the surface water runoff for the Kenyan Lake Victoria basin.
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Preparation

Preparation

Before starting the exercise, will add three extensions - Xtools ,Memo Tools, and Customlines - to ArcView. All were
obtained from the ESRI home page www.esri.com, following the path “Support”™ => “Downloads” => “ArcScripts”.
Memo Tools contains some 100 useful scripts for working with feature layers and tables, while Xtools is used for
geo-processing feature themes. The latter includes functions like Clip, Merge, Union, and Intersect. Customlines is
used to modify the presentation of line segments.

The three extensions are located in the following folder on the workshop CD:

“First-GIS-Workshop\Exercise-BlueWaterPoster_QOriginalDataSet\ArcViewExtensions”

Browse to this folder, and select files Memo_Tools.avx, XTOOLS.AVX, and Customlines.avx. Copy the three files to
folder C:\ESRNAV_GIS30\ARCVIEW\EXT32.

Open ArcView
activate the Extension dialog box.

Check “Spatial Analyst”, “Memo Tools” and “Xtools".

Click OK ak
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B8 Select “File” => “Extensions...” to
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Procedure

Procedure

Open a new View. Add grid layer “"dem_s20e020" stored on the workshop CD in folder:

First-GIS-Workshop\Exercise-BlueWaterPoster_OriginalDataSet

This public domain Digital Elevation Model (DEM] has a resolution of 90 m and has been developed by the Shuttle

Radar Topography Mission (SRTM]. It is now available for the entire world at http://srtm.usgs.gov/.

Activate layer “dem_s20e020". This particular tile contains parts of Africa and the Middle East, with lower-left
corner: latitude -20c0, longitude 20. As the file size of this layer is too large for further processing, we need to cut

it to our window of analysis. The Kenyan Lake Victoria basin is defined by:

Left: 33.50c - Right: 36.50c - Top: +1.500 - Bottom: -2.50

Click “Analysis” => “Properties”. Set the analysis extent to
the above window.

Use the same analysis cell size as “dem_s20e020".
Click OK.

Click “Analysis” => “map calculator”. In the calculation win-
dow, multiply layer “dem_s20e020” by 1, as shown below.

Click “Evaluate”.

Close calculation window and activate new theme.

Analysis Properties: View1

Analysis Extent | A Specified Below

=l

Left [33.50 Top|[1.5

Bottorn | -25 Right | 36.50

Analyziz Cell Size (o

Cell Sige | D-000B33 da
Murnber of Fows [ 4802
MHurnber of Colurmns [ 3601
Ainalysis Mask, | Mo Mask Set -]
ar. Cancel |
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Delete layer “dem_s20e020” and zoom in to
the new grid layer.

Click “Theme” => “Convert to Grid” to store
the new layer in an appropriate folder, with
file name “dem_lvk". Please note that grid
naming conventions limits the file name to 8
characters.

Add “dem_lvk” to the view and remove “Map
Calculation1”.

“! Map Calculation 1

Layers

Logarithms -

Eup Lo
Exp2 Log2
Expl0 LoglO

[[Derm_s20e020] % 1)

E-valuate

g
rs
-

Double click theme “dem_lvk” to activate the legend editor.

Click “Load” and navigate to folder

“First-GIS-Workshop\ExerciseBlueWaterPoster_

OriginalDataSet\ Legends” on the workshop CD.

Select legend file “"dem_leg2.avl” and click OK.

Set “Field” to “Value” and click OK.

Click “Apply” to activate the new legend. Close the legend edi-

tor.

Click “Theme” => “Hide/Show Legend” to hide the legend.

Blue water poster for the Nile sub basin

i |legend Editor

Theme: | Dem_ vk
Legend Type: | Graduated Calor
Drefault
Classification Field: [ alue ] Classify...
Normalize by: [ <Mone: ]
Syrnbal Walue Label |
[ | 425-o58 426 - 858 -
[ : &59-1290 859-1290
[ 2911722 1291 -1722
] i 1723-2154 1723 - 2154
[ | 2155-2586 2155 - 2536
[ | 25g7-3m8 2587 -3M8
[ | 3019-3450 3019 - 3450 j
L |F| @ @ B
Calor Ramps: [Red monochionatic [
Advanced... | Statistics. .. | | Apply |

To increase contrast and better distinguish terrain features, a hill shade theme is added to a DEM. ArcView Spa-
tial Analyst includes a standard tool to calculate hill shade. Click “Surface” => “Compute Hillshade”. However, in
this particular case the latitude (x) and longitude [y) coordinates are in decimal degrees, while the elevation (z] is
in meters. This difference of units will severely distort the hill shade and hence a correction is needed. As a rule
of thumb, one degree at the equator represents some 100 km = 100,000 m. To bring all three dimensions (x,y,z] in
similar units, we will thus divide the elevation value with 100,000.
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Click “Analysis” => “Map Calculator” £ Map Calculation 1

[Aihmetic =]
Divide theme “dem_lvk” by 100,000 (do not include a i e | |

C - Dem Ik . Courl]
comma). Click “as Grid". B el | Fba |
To ensure that the calculation results in real values
instead of integers, select “Arithmetic” and click (TDom v 7 00000 AGr e Fioal <
“Float”. j
Click “Evaluate”
Evaluate

A new grid theme is added to the view.

Activate this theme, called “Map Calculation 17, and click “Surface” => “Compute Hillshade". A dialog box appears
to select the parameters. Accept the standard values and click OK. Check the hillshade. De-activate this layer after
studying.

Double click theme “dem_lvk” to activate the legend editor. Click

“Advanced” and select brightness theme “Hillshade of Map Calculation Biighiness Theme §
1”. Leave the remaining parameters as they are.
Minimum Cell Brightness [0
Click OK. Click Apply. Study the new elevation layer. Note the rift and (b-100)
the old crater next to Mount Elgon. MaTg"UTDDC]BHBfithESS =
oK | Cancel |

While the image is certainly interesting and informative, it is clear that adding the hill-shade theme has altered the
color palette. Especially the elevation values from 2000 to 2700 meter have become lighter and now resemble lower
altitudes. To correct this, activate the color palette in the legend editor. Use custom mode to change these values
as follows:

Altitude Hue Saturation Value
2000-2100 31 159 197
2100-2200 30 160 191
2200-2300 29 161 186
2300-2400 28 162 182
2400-2500 26 163 178
2500-2600 24 164 173
2600-2700 23 165 168
2700-2800 22 165 164

Save the new Legend
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Procedure

Add the below themes from the workshop CD: et waking Diectoy

Show Path and Source of active Themes

Add Event Themes ...
Kenya_boundary.shp Clean up Feature Tables

Tanzania_boundary.shp Select Themes to Remove ..
Uganda_boundary.shp

Coordinates #. w. [2] for Points ...
Coordinates «, y, [2] for Polylines ...

Create a new shape with the extent of the DEM. This layer will be used to clip . e ——

the boundary themes to the analysis window. Yeartices with . . [2] to Pointshape ..
Grafic Labels to Shapefile ..
Click “Memo Thm" => “Theme Extent to Polygon Shape...” FiecNo to Table ..

Rotation &ngle for Lines ...
Update Area or Length ...
Select “dem_lvk” as source theme; click OK. Navigate to the appropriate CLEAN-Funchions .

folder and name the new theme “Ex_box”; click OK. Shift Features [<Y-Shift ] ...

Split Shapefile by Attribute .
Export active Themes ..

Tranzfer Features and Attributes ...

Create Polygon Graticule ...

Theme Extent to Polygon Shape ...

Create Image Catalog ...

Click “Xtools” => “Clip with Polygon(s)” @ Clip! SELECT INPUT THEME

Sele_c:t the theme that contain features that pou wizsh
Select "Uganda-boundary.shp”, click OK to olip:

Cancel

Use “Ex_box.shp” to set the clip extent, click OK.

Add the new theme to the view. Repeat the procedure for the
Kenyan and Tanzanian national boundaries.

2 Clip! SELECT CLIP THEME

Select the polygon theme that containg the polygons

Remove the original boundary themes for the East African tEat will be used to clip features from the previous
. " " . . theme:
countries (except “Kenya_boundary.shp”, which will be used
[Ex_baox.sho 1 Cancel

later.

8 | Blue water poster for the Nile sub basin
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Click “Xtools” => “Merge Themes” 2 Merge! SELECT INPUT THEME

Use the last created theme as input. Click OK. Select the g?.a'??f\fz?n‘Tﬁé"SJEﬂ;mam e s youwsh e
remaining two clipped national boundary themes. Click OK. Cancel |
Add the new theme to the view. Use the legend editor to
only present the outline with line width value of 2. Remove

all clipped national boundary themes from the view.

Add the below themes from the workshop CD:

Lakevic&islands.shp
Lv_subbasins.shp
nilebasin.shp

Use the above described procedure to clip these layers to the analy-
sis window.

Use the legend editor to set the appropriate colors and layer width.
Prepare a map similar to the one presented at the right hand side.

Note that the image does not intuitively focus on the Kenyan Lake
Victoria basin. The following steps will extract only the Kenyan part
of the basin.

Click “Xtools” => “Intersect Themes” i Intersect! SELECT INPUT THEME

Select the theme that containg features that you wizh

Select the clipped lvbasin theme as input. Click OK izl
| Ex_bow_vbasins. shp E3 Cancel
Select all ﬁe[ds_ and click OK ! SELECT Ex_box_Ivbasins.shp FIELDS FORQUT... E|

[Single click to toggle selection,
click and drag for multiple selection,
Press SHIFT + 0K to gelect all fields)

Subbaszin_ 1= Cancel |
Subbaszin_i
Marne
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Select “Kenya_boundary.shp” as Intersect theme. Click OK. 2 Intersect!! SELECT INTERSECT THEME

Select the polygon theme that contains the polvgons
that will be used ta intersect features from the

Add the new theme to the view. It contains a number of poly- previous theme:
gons with the Kenyan Lake Victoria sub basins. [Kenya_boundary.shp =1
Use Xtools to clip the Lake Victoria basin from “NileBasin. # Conversion Field : Theme4.shp

shp”. The result is one single polygon for the Kenyan Lake
Victoria area.

Pick field for cell values:

Id - Cancel |

Count

Activate the new theme and click “Theme” => “Convert to
Grid”. Give an appropriate file name.

Area
Perimeter

Acres

Select “ID” as conversion field. Click OK. Add the new grid to
the view. =]

Select the new grid and click “Analysis” => "Reclassify”. Set 0 => 1 and No Data => No Data. Click OK.

Click “Analysis” => “Map Calculator” and multiply the re-classified
grid with the “dem_lvk” grid layer.

Only values inside the Kenyan Lake Victoria basin now have an eleva-
tion value.

Use “Theme” => “Convert to Grid” to give an appropriate name to the
new layer, for instance “ken_lvd".

Add this theme to the view. Use the legend editor to load the legend
previously created in this exercise. Make sure to also use the bright-

ness theme.

Place this layer below all topology themes.

The result is an image similar to the one on the right hand side.

Place the hill-shade layer as background. To reduce contrast, activate the color palette in the legend editor. Use
custom mode to change these values as indicated below.

10 | Blue water poster for the Nile sub basin
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Hill shade Hue Saturation Value

0-167 0 0 120
168-175 0 0 130
176-178 0 0 140
179-180 0 0 150
181-182 0 0 160
183-184 0 0 170
185-188 0 0 180
189-196 0 0 190
197-254 0 0 200

Add the below theme from the workshop CD:
Ex_box_Kenya-rivers.shp
The outcome is the image presented on the right-hand side.

This is the base map for the blue water poster. The next step is to add
hydrological data.

Work book | 11
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Procedure

“First-GIS-Workshop\ExerciseBlueWaterPoster_OriginalDataSet”

MS Access procedures will be demonstrated to:

a) Determine average annual discharge for each station;
b) Determine average monthly discharge for each station;

c] Export station coordinates to dbf format.

The exercise uses MS Access and MS Excel to prepare the hydrological summary data for the study area. A selected
set of hydrological time series is stored in MS Access file "KEN-LV_SelectedHydroData”, which can be found in the

below folder on the workshop CD:

Activate MS Access and open file "KEN-LV_SelectedHydroData". It contains two tables: 1) KEN_Runoff and 2]

Ken_HydroStations.

A: Determine average annual discharge for each station

Open a new query in design view. Add the “KEN-
Runoff” table to the query.

Drag the fields “HFStationID” and “Discharge” to
the query.

Click the Total button | £ |, and change the totals
row to “Group By” for “HFStationID” and “Avg” for
“Discharge”.

]
Run | * the query. The average discharge per sta-
tion is calculated in [m3 / s].

Instead of [m3 /s], the poster will present runoff
values in million cubic meters per year [mcm/ yl.

Place the cursor in the field row of the second
query column and click [Shift] [F2]. This will zoom
the field.

Type: AvgAnnualQ: [Discharge] * 3600 * 24 * 365 /

1000000, as indicated in the right hand figure. Click
OK and run the query.

Blue water poster for the Nile sub basin

Microsoft Access - [Queryl : Select Query]

File Edit Yiew Insert Query Tools Window Help

“ & -

EEX

e ]

KEN_Runoff

*

HFStationICr
Date
Discharge

Field: |HFStationID Avgannuald: [Disch
Table: |KEM_Ruroff -
Total: |Group B fanas|
Sork:
Shaw: ]

Criteria:

Ready
B Zoom |

Avgannuall: [Discharge*3600%24* 365/ 1000000

£

i

Eont...




Procedure

The results are presented at the left hand side. It shows the K Microsoft Access - [Query1 : Select Query] |

average annual runoff in million cubic meters for 17 stations

in the Kenyan Lake Victoria basin.

- " ERY|imRy| o @8
C . . HFStationlD | AvgAnnualQ
Select all records by clicking on the upper right hand corner > 2 364360277142

of the query results, and use “copy” and “paste” to export the -

query results to a MS Excel worksheet.

Shave the worksheet as “Ken-LV_SummaryHydroData".

Save the query as “AvgAnnQ”

B: Determine average monthly discharge for each station

Open a new query in design view. Add the “KEN-
Runoff” table to the query.

Drag the fields “HFStationID”, “Date”, and
“Discharge” to the query.

Click the Total button E and change the totals
row to “Group By” for “HFStationID”, “Group By” for
“Date”, and “Avg” for “Discharge”.

Use [Shift] [F2] to zoom to the month field and
change to:

mm: format([Date],”mm”)

Use [Shift] [F2] to zoom to the discharge field and
change to:

AvgMonthlyQ: [Discharge] * 3600 * 24 * 30.4 /
1000000

Run the query.

File Edit Wew Insert Format Records Tools Window Help

=|&|x]

420.769328530
1458.97177702
2681.07084665
913.2847543596
1001.40003328
1076.08078089

585.02487096
391.301456829
207 . 454396865
1055.49186763
143077347077
1762 64953767
1285.76585231
1699.52343352
747 BE3204895
305.559378645

Record: | < [[T 1 _» [M[r]of 17
Datashestvier | | | | | | | |

5| Joom

AvgMaonthlyQ: [Discharge]*3600%24% 30,4/ 1000000 A ok |

:

Font...

K2 Microsoft Access

JEi\e Edit View Insert Query Tools Window Help

|E-EBZavi=as ol@f|! |z -
i Queryl : Select Query EEIEHQ”EW

Ty
i Make-Table Query...
71 Lipdate Query

KEN_Runoff

n
gk ! Append Query...

! Delete Guery

HFStationID
Date
Discharge

(88 e
T
[

[ T T T
Figld: |HFStationID: [mm: Format([Date] | AvgManthlyQ: [Disc_~ |

! The average monthly discharge per station is calculated in [mcml].
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The outcome presents the monthly discharge for
all stations in one long list. This is not convenient
for analysis purposes, for which a tabular format
would be preferred. The latter can be achieved by
using a “Crosstab Query”.

Go back into design view ﬁ Click the query
type button and select “Crosstab Query”.

Set the crosstab fields as indicated below:

HFStationID:  Row heading
MM: Column heading
AvgMonthlyQ: Value

When running this query, in some occasions an error message is received.

Microsoft Access

File Edit Yiew Insert Query Tools Window Help

2! Queryl : Select Query

*

o8 Ll

HFSkationID
Date
Discharge

= B SR SR -

Select Query

! Make-Table Quer

+##1 Update Query
# ! sppend Query...

! Delete Query

Yoo

|%

|

Field:
Table:
Tatal:
Sort:
Show!
Criteria:
of;

HFStationID

mm: Format({[Date]

AvghaonkhlyQ: [Disc_v o

KEW_Runoff

iaroup B

iaroup B

Avg

Data fields are truncated due to limited

space. This can be avoided by using the Format function in column 3. Place the cursor in this column and click [Shift]
[F2]. Change the heading to:

AvgMonthlyQ: Format([Discharge]*3600*24*30.4/1000000,"#.00")

Run the query

! The below results are obtained. Export this table to MS Excel.

Microsoft Access - [Query1 : Crosstab Query]

®f File Edit Wiew Insert Format Records Tools ‘Window Help

-3 &Y

8l il % HE

¢4

= 48 -

® .

HFStationID |

01

03

04

05

06

o7

08 [ 09

| 10

11

60007
60019
60059
60077
60095
60095
60097
60118
60153
60156
601965
» 50206
60208
60216
60220
60237
60240

1.143885
16.24455
50.06535
B5.26523

41.4739
45.86591
47.42339
21.21147
23.46774
6.562724
31.28032
41.385956
23.15385
43.54541
72.06452
19.57407
7067797

1.044245
14.23451
43.81218
B0.65566
33.98673
3772222
40.17257
20.44094
21.75221
8.5
43.14173
39.45133
73.0973
23.51181
54.06693
14.14375
9.135298

1.286736835
16.6411290
53.8185484
98.4008811
35.0443548

33.764577
44.59915935
29.5878136
21.8857377
9.72401434
45.5985663
443628032
99.2964524
93.1218635
143.956559
21.9195402
23.8075818

3.96283
15.2667
54.5083
140.634
61.2542
68.3571
751375
56.125
31.55
229519
79.8252
116.346
205.466
223.096
325.645
114.851
42.0574

7449514
26.90323
97.05242
299.5143
§7.39919
94.79724
111.0854
66.9319
48.03226
37.94582
115.0726
160.1885
242.1389
229.5348
327.6423
99.38
41.66505

5.2
30.37089
144 4728
218.9370
§1.50417
91.61429
93.46063
49.82222
45.02222
26.21667
115.2370
174.7368
178.4525
137.0996

164.2
§9.51852
20.5

2.6726619
56.411290
165.26728
288.83453
92.366535
97 806452
105.05455
66.751799
37.11528
20.831541
120.74552
183.40052
22445705
76.286290
91.670251
131.15385
31.5

236727
§2.1532
272935
448.059
124.169
132.835
131.651
80.9785
38.9785
17.1492
135.635
185.355
194.960
53.1362
60.5423
103.358
57.8343

2.554626
65.85714
285.6048
413.0704
128.1792
139.3714
145.7577
74625593
4282222
20.23333

139.575
192.4208
203.3617
100.6074
110.6042
99.71212
49.95283

2597841727
43.4072581
161.911290
245.218487
100.133065
115.294531
112.253788
442903226
30.8571429
15.7862724
95.8654592
114.423387
133.146119
76.3266129
77.4930233
39.86268125
22.0440529

3.637037037
33.02916667
101.9041667
280.7842324
75.42083333
86.53333333
99.413533583
47.11524164
34.31666667
15.65555556

g1.6
112.1958333
§5.42660550
124.2333333
1545416667
2732876712
9.743190661

1.62835249
19.1451613
58.7379032
122771429
494008097
55.0460829
63.6635235
25.7634409
26.8357097
9.21146953
458.0430108
72.7441860
32.7637363
81.7972350
94.3357097

16.664
778723404

C: Export station coordinates to dbf format

In table view select table “Ken_HydroStations”. Click “File” => “Export
Name” to “hydstat” and set “Save as type” to “dBASE 5". Saving the
ArcView cannot read MS Access files. Click “Save”.

". Navigate to an appropriate folder. Set “File
export file in dbase format is necessary as

This concludes the MS Access part of the exercise. Close MS Access.

Blue water poster for the Nile sub basin
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Step 4

Import Dbase file in Arcview

Start ArcView and go to tables @ . Click “Add” and navigate to
the folder storing the “hydstat.dbf” file. Select this file and click OK.

Go to the view containing the Kenyan Lake Victoria layers. Click “View”
=> “Add Event Theme". Select the “hydstat” table and set the appropri-
ate x and y fields. Click OK. Activate the new station layer and use the
legend editor to set an appropriate marker.

The result is presented on the right.

Work book | 15
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Step 5

Adding blue water features

The blue water poster aims to visualize the distribution of water resources in the study area. To this effect, line seg-
ments will be created for each distinct river reach. The width of these segments is set proportional to the relative
discharge contribution of the tributary.

In this exercise Sondu is selected as example. Data are available for three stations on this river. Check the MS
Access queries to establish the below station characteristics:

Station 60208 => average annual flow = 1.76 [bcm]
Station 60206 => average annual flow = 1.43 [bcm]
Station 60196 => average annual flow = 1.06 [bcm]

Click the “Draw Line” =] button to draw a line
segment broadly following the river reach.

The first segment goes from station 60208
to 60206. Do not use more than 4 connection

points.

Click “Edit” => “Cut Graphic”

Click “View” => “New Theme”. Select Line as feature type. 2 New Theme
Click OK. Navigate to an appropriate folder and name the

new layer “Sondu_Segment1.shp”. Cedlie e

Add the new theme to the view. You can see it is in
editing mode.

Click “Edit” => "Paste” to add the line segment to
the new layer.

Click “Theme” => “Stop Editing” to save the chang-
es. The result is shown in the right hand window.

16 | Blue water poster for the Nile sub basin
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Activate the “Custom Line Symbol Tools” extension. A “Custom

Line Builder” button = is added to the toolbar. Click this

button.

The box similar to the right-hand window appears.
Average annual discharge of this river reach is 1.76 [bcml].

Hence, set line width to 18. If necessary use the “Adv” O button
(for advanced). Select “Cyan” as line color.

Click “Add to Palette” 203 1@ Paletie

' Compound Line Builder / Color Picker

Advy.

Line Type———— [Line Colar
& 1-Part Line Presets m
C Z2Patline [None =] - R I_g —
€ 3Part Line Style G[ 2 —
Line Previews—————————————————— !;:i: >|B[ — ]
[l Ady.
m=g T

Add to Palette |

Welcome to Coal Tools...

These taals allow vou ta chooze
cuztom RGE colors and build custom
simple and complex line symbols, and
add all of them to your current
Arcview palette. Click below to cycle
through help topics.

Cool Tools

Use the legend editor to change the appearance of the “Sondu_Segment1.shp” layer.

Repeat the above exercise for the other reaches of Sondu for which data are available or can be derived. The result

is shown below.

& ArcView GIS 3.2
File Edt View

ﬂ Hydrostatshp

A

o] Ex_box_lv-subbasi

ﬂ Sondu_segment! s
ﬂ Sondu_segment2.s

] Sondu_segments =

o] Sondu_segmentd.s

o] Ex_box_natbound

ﬂ Ex_box_lwv.shp
/e
zs

ﬂ Crem_lvk

ﬂ Ex_boxshp
1

o] Box_bg

I o- 167
] 182 - 175
Iy 17 - 17E
[ 172 - 130
[ 181 - 132
[ te= - 124
[ 185 - 138
[ 129 - 196
[ 197 - 254
Il oD ata

Theme Analpzis

Graphice  Window  Help

of] Ex_box_ken_rivers %]

9 start iR

S

B E] k-

@ Palette 2| Bankl

Scale 1:380353

HosoLo

Work book

17



Procedure

If time allows, add more river segments.

Use Layout to customize the map. These standard ArcView procedures are not covered in this exercise.

Standard MS Excel procedures are used to create graphs of aver-
age monthly runoff per station, as illustrated in the right hand
window.

Add these illustrations to the poster.

18 | Blue water poster for the Nile sub basin



