GIS | - Exercise 3 (AV9.2) - Map Rainfall in 3D with Spreadsheets (v2d, Jun 2010)

Desired Learning Outcomes:

e Retrieve a set of state boundaries from pre-packaged ESRI data

e Use the query builder to reduce the state set to New Jersey

¢ Make a new Theme of points (hypothetical rain gauge stations located on a lat-long grid in
New Jersey) both manually (OSD) and automatically (Add Event Theme)

e Join an external spreadsheet with rainfall amount to the attribute table of the rain gauges

e Label the points with the rainfall amounts

e Create a 3D model and contour map of the rainfall with ESRI's 3D Analyst Extension

Before Proceeding — Create a separate folder for Exercise 03 titled *_Exr03 (where *= your
name), within your own personal GIS | class folder, in order to keep your files well-organized.
Make sure that you download and/or save new themes to this folder. Failure to do this could
result in software failure and/or loss of your data.

Part | — Build a map and add point shapefiles through “OSD” and “Add Event Theme”
Step 1 - Copy GIS data to your folder

Discussion - This exercise will begin with a theme (aka shapefile) of U.S. states that you will
reduce to just NJ by means of “querying”. To prevent corruption or disruption of these data files,
you MUST first copy these files to your own Exr03 folder. NOTE: you MUST copy ALL
components of GIS themes, not just the *.shp component.

Procedure —

- Make sure your own Exr03 folder is visible on your computer screen.

- If you are onsite (GIS Lab), scroll to gisstudent\GIS_I_Exercise_Data\gis_I|_exr03_input_data.

- If you are online, open Internet Explorer; use our ETP protocol to connect to the NJCU server
and scroll to ftp://geosrv.njcu.edu/GISStudent/GIS_|_Exercise_Data. NOTE: You cannot click
on the preceding “ftp:” line and use it as a complete link because the server is secure. If the line
does act as a link, finish the FTP sign-in procedure per “FTP protocol” to access the folder.

e Dbl-click on GIS | Exr03 input_data. Make sure there are 7 files in the folder that opens:

=10] x|
File Edit ‘“iew Faworites Tools  Help .';'
G Back = \_) - ? /.. ) search Folders =T x n | E -
Address r@ fep:figeosey njcu,edufGISStudentGIS_I_Exercise_DatafGIs_I_Fxr0s_input_dakta) j G0
Mame = | Size | Twpe | Modified |
skakes, avl 19.5KE ANL File Bf3/1998 2:51 PM
@ States.dbF Z1.8KE DEF File af24)1999 3:27 PM
skakes.prj 164 bytes  PRIFile 6f2411999 1:02 PM
STATES.SEM 1.22 KB SBM File BI2411999 3127 PM
STATES.SEX 204 bytes  SB¥ File BI2411999 3127 PM
STATES.SHP 217 KB SHPFile 62471999 327 PM
STATES.SHX 505 bytes  SH File 612471999 327 PM
| |Llser: njcu'l,wmnntgumerﬂ@ Internet 5

e Copy (DO NOT CUT!) and Paste all of the contents of this folder to your own Exr03 folder.
NOTE: One GIS student working long-distance said she was unable to select all the files and
Copy>Paste them all at the same time. She had to copy and paste each one of these files
separately.


http://faculty.njcu.edu/wmontgomery/NJCU_GIS_I/connect_to_njcu_server_via_ftp_v6.pdf
ftp://geosrv.njcu.edu/GISStudent/GIS_I_Exercise_Data

Step 2 - Start ArcMap, set Layer properties

Procedure:

e Open Arcmap (Start > ArcGIS > ArcMap). An ArcMap window appears:
x|

i Start using Archap with

i~ A template

Templates provide ready-to-use layauts and base maps
far various geagraphic regions.

% ™ An existing map:

Browse for maps...

A \hudson_co_cancer_assets.mxd
CAUAGIS_|_HIh Sci_ Exi02%HIth_Sci Ewr0Z2_ w2 mxd
CAAGIS__HIth_Sci_Exi01_geocode_assets_ w3 maxd
Ch.
Ch.

AGIS_I_HIth_Sci_Exi01_geocode_assets.mxd
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I Immediately add data
I~ Do nat shaw thiz dialog again

e Select “a new empty map” (red arrow above) An empty map window appears (below left):
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e Rt-click on Layers in the Table of Contents (ToC); select Properties (above right):
A Data Frame Properties window appears. Select the Coordinate System tab:

Data Frame Properties 1‘5‘ Data Frame Properties llil
Annctafion Groups | EsentRectangles | Frame | Size andPositon | Anrotation Groups | EstentRectangles | Frame | Size and Posion |
General I Data Frame Coordinate System I llumination | Grids | Labels General I Data Frame Coordinate Spstem | |llumination I Grids: I Labels

Cunent coardinate system; Current coordinate spstem:

Mo projection B Clear GCS_Morth_American_1963 = Clear

- -
ﬂ _>|_I Transfonmations,.. LI > Transformations...

Select a coordinate system:
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¢ Under “Select a coordinate system” (above left), select Predefined > Geographic
Coordinate Systems > North America > North American Datum 1983 (above right)
e Press Apply, OK. The ArcMap Data View re-appears:
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Move your mouse around in the map window. X,Y coordinate values (possibly expressed in
unknown units) in the lower RH portion of the ArcMap window (red arrow above) change as you
move the mouse N,S,E,W in the window. We will specify decimal degrees (DD) for these

coordinates after we add the states theme.
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Step 3 - Bring the states theme into ArcMap, isolate New Jersey as a new layer

Procedure:

o Pressthe Add Data button d; in ArcMap. An Add Data window appears with icons across
the top. Take your mouse pointer and let it rest on each of these icons for a few moments.
The “name” of each icon appears. Select the Connect to Folder icon (below left):

Add Data 5' add Data
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e Scroll to your Exr03 folder via the Connect to Folder window. When you reach your folder,
press the OK button to actually open the folder (I have been unable to open the folder by
double-clicking). The states.shp file will appear (above right):

Discussion: Note: Do NOT Panic if you only see the “*.shp” file, rather than the 7 that you
copied into this folder earlier. The reason that you see only this component is because this is
the “feature” component of the theme (showing the actual point, line, or polygon), and is the only
component that automatically appears in the Data View window. The only other component that
can be made visible is the attribute table (“*.dbf” file), and that component appears only when
you “open attribute table”.

Procedure:
e Select states.shp one of two ways: single click and press Add, or double-click. States.shp
should appear in the ArcMap window. Notice that all the US states are shown:
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We don't need all the states. But we do want the outline of NJ as our map area.
e Rt-click States in the Table of Contents (ToC) (above right); Select Open Attribute Table:
The states attribute table appears, with the attributes ESRI has included as pre-installed data.
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Discussion: You will use the states attribute table and a query to isolate New Jersey.

Procedure:

e From the states attribute table, press Options (red arrow above) > Select by Attributes
(below left):
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The “Select by Attributes” window appears (above right):

You will create a query to separate New Jersey from the rest of the states:
¢ In the “Method”: window, select “Create a new selection”
¢ Inthe “Select * from States Where”: window, build your query with your mouse as follows:
- Dbl-click on “State_Name” in the Fields: window.
- Single-click the[=]button.
- Press “Get Unique Values”, scroll to and select, “New Jersey” from the list that appears.
The window should look as below:



Enter a'WHERE clause to select records in the table window.
hethod : ICreate a new selection j
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NOTE:
o Click Apply.

*_ Unitithed - Archap - ArcVies

If there are elements missing, re-do the query until it reads as above.
In the map window, New Jersey is outlined in bright aguamarine blue:
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magnify NJ until you can see it.
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Activate the attribute table (make the upper header of the table blue by selecting it), and

scroll to New Jersey. The row is highlighted in the bright blue outlining NJ on the map:
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ArcView provides an intuitive message to the user: This highlighted row of data is associated
with the map object (the polygon representing New Jersey) that is highlighted in the same color.



Rt-click on States in the ToC; select Data > Export Data (left below). An Export Data screen

appears (below right); you want to Export Selected Features, using the same coordinate
system as the Data Frame. Select the Browse button (red arrow).
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instead, type New_Jersey.shp (below right) and press Save.

Saving Data

Look in: |l:| Exl3_AVS1_Map_rain_in_3D
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Scroll to your Exr03 folder (below left). DO NOT use the Export_Output.shp default name;

input_data

in_gauge_locs_with_rain_v3.shp
infall_contours_v3.shp
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Save
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Save
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When the Export Map window returns (not shown), press OK; press Yes to add the data.

A new theme, entitled New_Jersey appears in the ToC and in the map window (below left).
Turn off States (uncheck the small box in the ToC); States becomes invisible and New_Jersey
becomes the only visible theme in the Data View (below right)
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Discussion: We want to change New Jersey from a solid polygon to an outline.

Procedure:

o Left-click the polygon below New_Jersey in the ToC. Select Hollow in the table that opens
(left below); notice that “Fill color” becomes blank, but there is still an outline color. Select
the arrow next to the outline color in order to see a palette of colors (below right), select red.
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e Increase the outline width from 0.40 (below left) to 2.0 (below right); press OK.
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NJ appears as hollow with a red outline on the map (below).

=10/

J File Edit Yiew Insert Selection Tools ‘Window Help ‘

|DBE&| ¢ =@ |o | & Emoe o2

HE e D e

% ExrD3_av92_map_rain_y2.mxd - ArcMap - ArcYiew

J 3D Analyst = | Layer, |

J Editor > ‘ 3 ‘ & v Tk |Craate New Feature LI | Target:l
x 5 -]
B £# Layers
= New_Jersey &
e
an
= 0O sTatES oA
] i
[
]
by 4
»
L
L3
i) =
Dizplay ISour:el Se\ectmnl M ﬁ o e "LI J _’I_I

J Drawing ™ k @ ‘Ej A~ | \Cﬂmia\ _ - lT_‘

[ oeans.7 a4sszera




e If you have not yet done so, select File > Document Properties > Data Source Options >
Store relative path names to data sources . Also, check, “make relative paths the default...”;
press OK, twice.

e Select File > Save As; Scroll to your folder and name your mxd something memorable, like
Yourname_Exr03. Press Save.

Step 4 - Set the View Units from Degrees-Minutes-Seconds to Decimal Degrees.
Discussion — Because data sets frequently are in different coordinate systems, GIS users
need to be aware of different coordinate systems and how they relate to each other. For
example, an analogy for degrees-minutes-seconds (DMS) and decimal degree (DD) coordinate
systems can be drawn from a clock. You can write 6:30 A.M. as 06:30:00 (i.e., 6 hours, 30
minutes, zero seconds). Another way to express 6:30:00 could be 6.50 (in decimal hours).
One system uses hours-minutes-seconds, while the other uses decimal fractions of hours, but
the actual time remains the same. Likewise, either a DMS or a DD coordinate system can be
used to locate the same point in space. Let's use ArcMap to look at an example. First,
observe your map:

% _Exr03_av92_map_rain_vy2.mxd - ArcMap - Arc¥iew - | Dlll
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Note the “Unknown Units” on the bottom right of the map window.
e Rt-click on Layers in the Table of Contents (ToC) > Properties > General tab. In Data
Frame Properties, notice that the Units > “Map” window contains a grayed-out Decimal
Degrees, reflecting the predefined map units that are embedded in this theme.

¢ In the “Display” window under “Units:” select Degrees Minutes Seconds; click Apply:
20
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The units on the map have changed from Unknown to Degrees (°), Minutes (*), Seconds (*):
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| have drawn a rectangle at a spot that is located at 74°30’ West and 39°30’ North (below):
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When | change the coordinate system to DD (Decimal Degrees), the same point is now located
at -74.5 39.5 Decimal Degrees (below).
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On an X-Y graph, -74.5 would be the X-coordinate, and 39.5 would be the Y-coordinate, and the
(X,Y) pair would be represented as (-74.5, 39.5) (below).
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Set your map coordinate system units to be Decimal Degrees. Move the mouse over New
Jersey. Note that the coordinates are now in decimal degrees. Why is it that the X coordinate is
negative? The answer lies in what you (hopefully) learned in middle school geometry class: all
the numbers above and to the right of (0,0) in a Cartesian coordinate system are positive,
whereas all the numbers to the left and below (0,0) are negative. Degree designation in GIS
makes sense when you define the intersection of the Equator and the Prime Meridian as (0,0).
The Prime Meridian (PM) runs through Greenwich, England. New Jersey is west of the PM, to
the left of it in map view. Therefore, any units of measurement along the X-axis (longitude) in
NJ are negative.
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Step 5 - Create a hew attribute table and point theme for rainfall gauging stations -

Discussion: You will now perform onscreen, manual digitizing of 10 points to create a new

theme that represents the locations of 10 rainfall measurement gauges in New Jersey. You will

learn how to do this in a faster, more automated manner later in the exercise.

Procedure: Recall from Exr01 that you must use ArcCatalog to create (and name) an empty

shell of a shapefile before you start filling it with points.

¢ Open ArcCatalog by dbl-clicking on the yellow file cabinet at the top of ArcMap, or by going
to Start > Programs > ArcGIS > ArcCatalog. A Windows Explorer-style window opens.
Using the left window, scroll to your Exr03 folder; double-click on it to open it. Your current
GIS shapefiles in your folder appear in the RH window:

) ArcCatalog - ArcYiew - CDocuments and Setting; —|o| x|

J File Edit Wiew Go Tools Help

| M| e x B alaaw
|eja @0 X |[HeaC aGc@@:: 2080
Loc3on: |C:\Documenls and Settingsvwmontgomity Documents\wiwM Folders MS0MGIS-

Stylesheet  [FGOC ESRI oA ARy g

=/l Cantents |Preview| Metadalal

B s
oo

(] GIS_1_Fxr02(av8)_map_with_GPS =]

.
£ GIS_1_Exr03(ava)_map_with_spdshts —1 | lame
L0 @15 1 Fordlamh dte s hiciness T Mew_Jarsey.byr 2
TE S R .
Folder selected v

e At the top bar of ArcCatalog, select File > New > Shapefile (above left). A Create New
Shapefile window appears (below left), with a default shapefile name in the Name: window:

Create New Shapefile llll Create New Shapefile x|
Mamne: INew_ShapeliIe Marne: ' Irain_gauge_\ocs_manua|
Feature Type: IF‘omt ﬂ Feature Type: IPDlnt ﬂ
r— Spatial Reference — Spatial Reference
Diezcription: Drezcription:
LInknown Coordinate System ;I LInknown Coordinate System ;I

4 ¥ I 4 F
I Show Details Edit.. I Show Detalls * Edi... |

™ Coordinates will cortain M values, Used to store route data. ™ Coordinates will cartain M values. Used to store route data.
™ Coordinates will contain Z values. Used to store 30 data. ™ Coordinates will cantain 2 values. Used to stare 30 data.

- Cancel Canicel |

e Typerain_gauge locs_manual in the Name: window (above, right). Feature type = point.
Select Edit button and set the coordinate system to: Geographic coordinate systems (GCS) >
North America > North American Datum 1983.prj. Press Add (below), then Apply, OK.

Browse for Coordinate System =l
X - — Y Coordnate Syatem |
Look in: I[:I Marth America j %l al ﬁl %l RE) B Moy G5 _Histh_Armescon 1353
Guam 1963.prj @North American 1983 (CSR393).prj @Scoresbysunn Ostalx
@Helle 1954.prj @North American 1983 HARN.prj @St._George_. e e !
Dt [1_Woeth_Aumwmic:an_ 158
@JAD 2001.pri @North American Datum 1927.pr @St._Lawrenct e a1 37 000L000M000000000
@Jamaica 1&75.pr HERlorkh American Datum 1983, pri @St._Paul_Isla ey e L
@Jamaica 1969.pr @Ocotapeque 1935.pt]
@Little Cayman 1961.prj @Old Hawaiian. pri
THINAD 1927 (CGQT7).pri i Puerto Rico.pri £
{TNAD 1927 {Definition 19761 pri i Qornog.pri e T e—
T AD Michigan.pri i Qornog 1927.pri | e e
Imahuae datavet. festure class, raites].
Hew = | Creste s new condnste spslem.
J I LI Mgy Ip-:mmsmmmmm
Hame: INorth Amenican D atum 1983, pri Add Dl | Sl the cocednabe sysiem b rk
5 A 5 ey cooedeale system In & e
Show of type: ICDoldinate Systemns j Cancel | i - : o

/L‘cm |
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Press OK when the Create New Shapefile window returns (below left). ArcCatalog returns, with
the shapefile in the RH window (below right)

Create New Shapefile

Irain_gauge_locs_rnanual

M ame:
Feature Type:

— Spatial Reference

2]

o

w3 ArcCatalog - Arc¥iew -

ile Edit Wiew Go Tools ‘window

WM Folders M504GIS-GPSYGIS_|

Help

=10l ]

I Paitit

Balasow | aa e

Description:

Geographic Coordinate Systen:
Mame: GCS_Morth_American_1983

Kl

[~ Show Details

[~ Coordinates will contain M valuss,
[~ Coordinates will contain Z values.

Uzed b stare route data.
Used to store 30 data.

|
=
]

Lacation IC:\WM Folders MBOLGIS-GPSYGIS_|_Exre AWINEwD3_AWI2 Map_rain_in_30 j
Stylesheet IFGDE ESRI I o &

[ Fuw Lake Well Locs

[1 GIS_Exercises_potential
[ GIS_I_Assignments

(] GIS_I_Business_Exrs

{1 GIS_I_Crim_Just_Exrs
{1 GIS_I_Exercises

0 GIS_I_Exrs_fvg

{7 input_datka

{3 tin

2004 _rainfall_in
2004 _rainfall_in

G| Exr03_30_v3

ﬁ

Ok | Cancel

| Kl

| Eerl_AVQl_Map_your_homJ
H-[ Exriz_awaz_Map_with_&PS
H-43) Exr03_AV92_Map_rain_in_3C

2004 _rainfall_in_v3

] Exr03_av31_map_rain_v

&7 Exr03 av92 mao rain v T
il |l

Cantents |F'rewew| Metadatal

xr03_30_v3
Exr03_av9l_map_rain_v1
xr03_av92_map_rain_v2
oI Exr03_w3

@New 1 Jersey
mNew_Jersey
rain_gauge_locs_auto
rain_gauge_locs_auto

= rain_gauge_locs_manual

Marne | Tvpe e
[ input_data Folder

tin Folder

2004 _rainfall_in dBASE Table

&) 2004 _rainfall_in Exiel File

2004 _rainfall_in_v3 dBASE Table

= rain_gauge_locs_with_rain_v3

Scene Document
Map Document
Map Document
Map Document
Laver

Shapefile

dBASE Table
E:xcel File

Shapefile

ol

Creates a new object of the selected type |

4

Discussion: Make sure you have both the ArcCatalog and ArcMap windows open, small

enoungh SO Ehe

ot Exrua_avgz_map_ram_vz mxd - ArcMap -

- IOl =i
ArcView

y are both visible on the screen:

i [=] 5]

. ArcCatalog - ArcYie

File Edit Wiew Inssrt Selection Tools Window Hsip

[

WM Folders M504C

=

FES IR~

[ oot o1 [o£] & ® E1 87 | o= | T

Tool findouy  Heln
[arcCatalog - Arcview - C:\wwi Folders MSOLGIS-GPSYGIS_I_Exrs_AVS\Exr03_AYS2_Map_rain_in_3D

E[Bﬂ|

J 30 Analyst = ‘ Layer -] 42 3 oes L

£ 5 e

= “ spatia nalyst = | Lot

EIEEE =0

tart| () Exr03_AWS2_Map_rain_i... | aEerﬁiav‘BZimapJamivm| nﬂl]GIS,I,Exrus(Avgz),Mapm| & ArcCatalog - Arcview ..

£ Z20 U@aiTe)

Lagstion: —[C¥w/wht Folders MBD\GIS-GPSGIS | Ess_ Av\Eall_AVS2 Map
L J Editor * | S |I ¥ Taski [ Create New Feature =l | Teraet | I |.>( 9] | | J @ [@ | syiesheat [Focesm <] o &% ‘
> @ =l x| Contens | Freview | Meladatal
EE=] [ Fvw Lake Well Lacs -
B[4 New_Jersey 2 [l GIS_Exercises_potential hame | Type
a5 [ GI5_1_Assignments (Dinput_data Folde
B O sTaTES n 1] GI5_1_Business_Exrs tin Folde
el 0 GIS_I_crim_lust_Exrs [E 2004_rainfall_in dein
’@ [ GIS_I_Exercises [&) 2004_rainfall_in Exce
@ [ GIS_1_Exrs w9 [ 2009_rainfall_in_va deas
b (0 Exr01_aws1_Map_your, | GElExr03_30_v3 Scen
= B0 Exr02_av32_Map_with_ | | @Exr03_ava1_map_rain_v1 Map
» B4 Exr03_Avaz_Map_rain_ | | @flExr03_avoz_map_rain_v2 Map
1 (3 input_data &EExrna_va Map
(1 tin EpNew_Jersey Lays
&= 2004 _rainfall_n Bl Mew_Jersey Shap
x B[] 2004 _rainfall_n (& rain_gauge_locs_auto dBac
b 2004 _rsinfall_in_v3 \ : e
rain_gauge _locs_ato e
o ) Ba03 303 vain_gauge_locs_manual shap!
A @) ExrD3_ava1_map_ri = o aith 5 -
J &) Exr03_avs2_map_r: rain_gauge_locs_with_rain_v: ap!
X@Y ExrD3_v3 rainfall_contours_v3 Shap
@ g New_Jersey
= D New_dersey
7 rain_sauge.locs_au
| ] in_gauge_locs_au
- rain_gauge:_locs_me
B rain_gauge_locs_wit
- [E] rainfsll_contours_vz
B Exr04_Awa1_Sike_mew_
[ GIS_I_FireSci_Exrs
1] GIS_I_Health_Sci_Exrs
|l GIS_I_Mursing_Exrs -
=|f L JL3 ) |
Display | Souree | Selection ﬁn = "Ll J _’l
fuawmg' k& AD~ A~ |asi |0 = BIQ|A'&'ﬁ';'| N i
[ [-72.63 39.03 Decimal Degrees 4 Bead !

Make sure that the “Display” tab (NOT “Source” tab) at the bottom of the ToC is active.
Copy and paste (or drag) the rain_gauge_locs_manual.shp icon from ArcCatalog into the

ToC of ArcMap.

Repeat the above steps to correctly set the shapefile’s coordinate system to GCS NAD
1983. Consult your instructor if you are unable to get past this step.

P& 1mosFm

If a “one or more layers are missing spatial reference information” window
appears, it means that you did not set the coordinate system in the new shapefile properly.
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¢ Once you have copied the rain_gauge_locs_manual.shp over to ArcMap, close ArcCatalog.

e If necessary, drag the rain_gauge_locs_manual.shp to the top of the ToC to ensure your

ability to see the points you create:

% Exr03_v3.mud - ArcMap - ArcYiew =lolx|
Geareferencing ¥ | LLayer | = Ee A ‘
3D Analyst ¥ |La_uer:| jyﬁ/g\qéégg|b|

File Edit Wiew Insert Selection Tools Window Help

|
J
J
J
J
J

Spatial Analyst * | LLayer: I j yﬁ i
Editor | 3 | ’ - | Task: ICreate Mew Feature j | Target: I
oy 3
B £ Layers -
= rain_gauge_locs_manual Q

* - w

- 3

=] Mew_Jersey " —

D L3

1| | B 7
Display [ Source @ . =

ply yall LRI joml
EEIEEREN e

Jgrawing- k@|D'A'E||AnaI RN R B ¢
[ [73.83 40.89 Decimal Degrees | 7

e Select rain_gauge_locs_manual.shp (it will turn dark blu

in the ToC). Go up to View-

Toolbars, and make sure the Editor toolbar is checked (red arrow below):

N* 03 v - Ao - Arevies
N R e I
= e ]
eI [ D@t sk E|l @
U | £ £t [vew ot Solction Took window e

W | s s L Dot e  liim|

3y Lovous vewr :

e i = | e = 1| m=

RRE |3 ustomie. . @
- SR S A

[ a2 4543 Dvoma

. BT T allxl
SIEEDEEECE R e |
by | 0 s = e al

“EFrorait@n
F

YT .

s0/24] = _'rJ"
ARE 2RO e RED

peege kG0 O Aw | At 2] B s g A de B o

Starts an eck seamon [ 755 48,67 Decina Dvgrees | 17

Wsten| | i ot e | Blats L emsspn v [Quans_vames - are. Bmcusin-wovem-|  (ARBECOUEEE wam

st | e s o e | Bhass [[@esana e - secvem - 1. _'.'na.ﬁ..!. CoUs 58 wam
Select the black arrow next to Editor W and select Start Editing from the drop-down menu:
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A Start Editing window may appear that asks which folder or database you want to edit:
2|

Which folder or databaze do you want ta edit data from?

| Source | Type |
C:h\Documents and Se...  Shapefiles

C:4Documents and Se.. Shapefiles

Thesge layers and tables will be available for editing:

rainﬁgaugeﬁ\ocsﬁmanualﬁ‘— ;I
L]

e Select the folder that contains rain_gauge_locs_manual.shp (red arrow above); click OK.

Before going any further, MAKE SURE that:
1) Create New Feature is in the “Task” window (red arrow below) and
2) rain_gauge_locs_manual.shp is in the “Target” window (blue arrow below):

% ExrD3_v3.mxd - ArcMap - ArcView I (=] 3}
|DEEs[f BBX o~ |siomn o )& K]

Georefersncing ¥ ‘ ler [ & Grw A |

pamsr e e LB 2@

J Fle Edt View Insert Selection Iools Window Help

Spatial Analyst ‘ [y

2l
—
=l
pull £ RIS N N
A sl
Jgrawing' NQ‘D'A'E“MI ~| [ - BIQ|A'&7
[ [72.74 35.56 Decimal Degrees | 4

e Click on the black arrow ¥ to the right of the red & yellow pencil to the right of Editor (green
arrow above):

e Click on the pencil again if it appears in a small box. This puts AV into “create a new
feature” mode and will enable you to use the pencil to draw a point that will be saved as a
feature on the map and in the rain_gauge locs_manual.shp attribute table.

Step 6 - Perform onscreen digitizing of 10 points

¢ Discussion: You will now manually perform “onscreen digitizing” (OSD) of the following 10
rain gauge stations by using a point to locate each station. Each time you digitize a point,
you will also type in the ID number for that point in the ID column of the attribute table.

ID Longitude(°®W) Latitude(®N)
1 -75.00 41.00
2 -74.50 41.00
3 -74.00 41.00
4 -75.00 40.50
5 -74.50 40.50
6 -74.75 40.75
7 -74.25 40.75
8 -74.75 40.25
9 -74.25 40.25
10 -75.00 40.00
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Procedure:

¢ Open the rain_gauge_locs_manual.shp attribute table (right-click on the theme name in the
ToC > Open Attribute Table). The attribute table already has FID, Shape, and ID fields:

_lox]

FID Shape* Id

Record: ﬂlill D_blﬂl Show:W Selectedl Records [0 out of 0 Selected.) Options v| ,&

e Set the map scale to 1:500,000 or even larger (smaller number) if necessary. Use the
mouse to find the location of the first point by following the lat-long coordinates in the lower
RH portion of the screen (red arrow below):

=1L

DEEE| * @ w | &m0 &)W
Geartencrs = —  aoe-/@]

B = [ | @

Bl [ Yo et Soetion ook et

Spana gt + — " &m

Bdtm = | b | | Tk [orasen ree e 1| rare [ s s swra s || R D

& el

O] ] _'|ﬂ
EE T =
pewa (K0 O Awi|fd =0 =] W u A A g s

[ F5o0 42 0 CeamalCegrems |

Select the hand on the toolbar and drad the map to a new location if necessary. Click on the

red & yellow pencil to re-enter the editing mode.

e Move the mouse to your first point (-75.00, 41.00) and left-click. A bright, aqua-blue point
should appear on the map, and a new line in bright blue should appear in the attribute table:

uwn.shuxu-»ﬂ-m_-j;.c@n =]

PR n

B v o] v =@

rEexElt@

D e et o ook e
o N

e AN el e c O 36|
- + ’a 8
" i <
. =
8 a
L ]
-
-
®
L3
= *
"
&
7
1 o
alnix)
= o S
IR

Bl kT el e i Tl
W] | i s s e | W) s [t whommt - ar g vt ASZITeRS TS uim

e Select the ID entry (0) and type 1 (red arrow below):

s = :
Foreden = ] o] s @

ol e el el o
i = AN

O e S il imrre E I

- . &| |
e —Y

B b S

“EFesrEit®

al 1 3 -
Dy [Ense] lynoa s 4 JJ

~igix|
T ] — 27 2
L N e T L If -.--'.:‘;‘T;WM—
= Gl

1
]| s | W it e - sy 6 [ O R
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Press Enter on your keyboard to save the ID entry.
Move to the next point (-74.50, 41.00), digitize the point and enter the ID value (2) in the AT:
I i At ww -E]

(D08 inumx » - kimm o] of & W
D e — =sm
L | st = ] - =@

e G e o et Sk ek

5 =
L N I T e A i ol L8 uom

Select Editor > Save Edits periodically during the digitizing process. When you have finished
all 10 points, select Editor > Save Edits and finally Editor > Stop Editing.
e File > Save to save your project.

Step 7 - Create 30 rain gauge station points in MS Excel

Discussion: Arcview can recognize columns of X,Y data in tables and automatically plot
points, which can be a much faster way to create a large number of points than manual
digitizing. You will create a table of 30 rain gauge data points in MS Excel and save it as an .xlIs
(Excel) file. You will then save it as a .dbf (dBase) file because AV can not read MS Excel.
Procedure:

e Open a new MS Excel workbook or worksheet. A blank spreadsheet appears:

Ed Microsoft Excel - Book1 - |EI|£|

B I EEE S RN DA z

Ele Edit Wiew Insert Format  Tools Data  Window Help -8 X

Al - e

& B [ ¢ [ o [ E | F | 63

1 —
| 2 |
=N

d b d

4 4 v vi[\Sheet1 ; Sheets £ Shests / 14 | L”J

Draw~ [z putoshapess > W O E H-F-A-= 5@ 2

Ready &

e Type these column headers in the first row:

Ed Microsoft Excel - Book1 O] x|
w - B I EEE|B % AN DA -
File Edit ‘Wiew Insert Format Tools  Daka  Window  Help - F X
ch - pis
A B | c =
1 |ID Lon_degrees Lat degrees =
2
= -
M 4 » ks Sheetl  Sheetz £ Shests / [4] | |
Draw> [3 | Adtoshapes~ > 2 [ O d-F-A-=S5@ 2
Ready A
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NOTE: No empty columns or rows in this spreadsheet! If names are too long for an initial
column width, simply make the column wider (use Help if necessary).
o Type in values from 1 to 30 in the ID column:

il =0 =B S U EEWEHS X, B EE -S4
W) B g pew e Fume Dok Owa Wredw beb

=1Q1x|

=o 8 x

Al = £ID
B [ 6 T E T F T

on_degiess Lal_tagrass

R

R R R

b wil\Shentt [ Seatd [ theetd [ Ial
o [ | apsstaones . WOOEH A EE > L-A-==20g .
Sumedgs

£

[

I I T I |

=
I [

)

Discussion: It is CRITICAL to format the latitude and longitude columns for 2 decimal places.

Otherwise, the lat-long values will be automatically rounded by Excel to whole numbers, which
will cause a number of points to “overplot” on top of each other.

Procedure:

e Select the B and C column headers (columns selected in blue); select Format > Cells

e
2]
X

o 4]
(5]
el
Ea)
(B8]
[
[1a]

s

=B
KE]|
Fi]
(5]
[iE]
i
[ 18]
el
]

il
]
5|

-
]

¥\ et Shewts [ bt | ) 0]
b syt . n JOBAQ @S L-A-=TEBY.

T Y e | I
M| | gt e s | Bl 1 poossen e |[Erecrosett el - sckt

The Format Cells window appears;

Mumber | Alignment | Font | Border I Patterns I Protectionl
Category: amnple
Lon_degrees

Decimal places: |2 E‘

™ Use 1000 Separator §,)
Megative numbers:

123410
(1234.10)
{1234.10) =l

Mumber is used For general display of numbers, Currency and Accounting
affer specialized Farmatting For monetary walue.

Cancel_|

e Press OK

=]
AddLiCoUs 58 nom

select Number under “Category:” and 2 in “Decimal places”
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e Enter the following latitude and longitude data into the spreadsheet:

ID Lon_degrees Lat_degrees
1 -75.00 41.00
2 -74.50 41.00
3 -74.00 41.00
4 -75.00 40.50
5 -74.50 40.50
6 -74.75 40.75
7 -74.25 40.75
8 -74.75 40.25
9 -74.25 40.25
10 -75.00 40.00
11 -74.50 40.00
12 -75.25 39.75
13 -74.75 39.75
14 -74.25 39.75
15 -75.00 39.50
16 -74.50 39.50
17 -74.75 41.00
18 -74.25 41.00
19 -75.00 40.75
20 -74.50 40.75
21 -74.75 40.50
22 -74.50 40.25
23 -74.75 40.00
24 -74.25 40.00
25 -75.00 39.75
26 -74.50 39.75
27 -75.25 39.50
28 -74.75 39.50
29 -75.00 39.25
30 -74.75 39.25

2=l

o When you've finished entering the data, select File-Save As; A Save As window appears:
Beews

] + -t |8 ¥ L FT - Toos

e ¥ ;1
P rain e bocs_subeods

Flegae: [ gmae Jors e oh = [Cew ]

e ] o |

Fill it in as follows:
o Savein: (browse to your ExrO3 folder on your computer or on the server)
o File name: rain_gauge_locs_auto.xls
0 Save as type: Microsoft Excel Workbook

IMPORTANT:

1) Make sure you save this Excel spreadsheet inside your Exr03 folder!

2) Use underscores () between file name words to avoid error messages later.



Discussion: Since Arcview may not read Excel files, you now need to re-save this Excel file in
dBase IV (.dbf) format. Make sure you first select an active cell in the worksheet (e.g., A2).
Select File — Save As. A Save As window appears:
savens

21|
Look in: ||'_W GIS_I_Exr03(avE)_map_with_spdshts B & ¥ -~ Tools ~
GIS_I_ExrD3(av8)_input_data
4 infa
Fistory rain_rstr
2004_ra\nfa\\_amount‘dbf
2 | rain_gauge_locs_auto.dbf
E|rain_gauge_locs_manual.dbf
My Documents | Elrain_gsuge_locs_manual_v3.dbF
ra\n_gauge_\ucs_wwth_ra\n‘dbf
7 =) rainfall_cantours, dbf
| States dbf
Deskbop
[*]
Favorites
=
oF=
My Nebwark.
Places
File name: Irainiqaugailncsiautn"de =l Save I
Files of type:  Fg ) Canicel

¢ In the upper “Save In: "window, make sure you browse to inside your Exr03 folder.
In File Name:, leave the same file name (rain_gauge_locs_auto)

¢ Inthe lower window, Save As Type, scroll to and select dBase 1V, then click SAVE.
Excel will present a warning:
"The selected file type does not support workbooks that contain multiple sheets. To save
only the active sheet; Click OK “. Click OK.

Excel presents another warning: “rain_gauge_locs_auto.dbf may contain features that are
not compatible with DBF 4. Do you want to keep the workbook in this format?” Click Yes.
Click X in the upper RH corner of the spreadsheet to close your .dbf file. Excel will ask “Do
you want to save the changes you made? “ Click NO (you already saved the file).

Step 8 - Add X-Y (lon-lat) data and automatically create a new point theme
Discussion: In ArcMap, longitude and latitude are interpreted as “X” and “Y” values in a
coordinate system, as depicted below:

T (+) TNorth
Y - axis ) )
\Ziﬁs *0,0)
(latitude)
)

<«—  X-axisfield values (longitude) —»

ArcMap can read the longitude-latitude values from rain_gauge_locs_auto.dbf and
automatically plot those values on a map much faster than you can plot manually.
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Procedure:

From the ArcMap upper menu bar, select Tools > Add XY data:
T o]

. Exr03_v3.mnxd - Arcﬂ - ArcYiew
DD"H@HQ %EX|nn|¢J1?au,unu -”E‘@h'ﬂ
Geseeforanang = | Lave 5 @ S ‘

gDAna\ystvlLayar| l ﬂ'ﬁﬁ’}oeéég‘b“

File Edt View Insert Selection |Tools Window Help
Spatia analyst ~ | Level L

lesor~ [[F & - [t S5 S e 1RGN
[t P17 71T \

Reports

= £F Layers Geocoding »
S & rain_gauge ocs_manual g
P 24

B M Hew_lersey i Add Raute Events...
o Il Buffer Wizard. ..
{3 Geoprocessing Wizard. .
T
Macros »
Customize. ..
Extensions. .
Styles » =il

Options. .

&

Z ] ®

4] | 2
Display | Source [ao QLI
| @@ (| B () @ e ] | |

|wows = k5|0~ Av il Fn o] Bz u|Ar A g o]

[ 75,18 #1.48 Decimal Dearees |

Adds 2 new map laver based on XV events from a table £
E 1) start”] {36I5_1_ExrD3(av8)_map_... | 1] G15_1_Exr0a(Avs)_Map_... | QU Esr03_v3mud - Arc... |&5(ﬁ% Ve H@e 1057
An Add XY data window opens:

xf x|

A table containing # and ' coordingte data can be added to the £ table containing ¥ and Y coordinate data can be added to the
map az a layer

map az a laper

Choose a table fram the map or brawse far another table: Choose a table from the map or browse for another table:

[ - | | rain_gauge._locs_aulo =

— Specify the fields for the ¥ and Y coordinates:

— Specify the fieldz for the ¥ and v coordinates:

# Field: * Field: % Figld: * Field:
=l = |LON_DEGREE | |eeT_DEGREE d|
_ —
— Spatial Reference — Spatial Reference
D ezcription: Drescription:
Uriknown Coordinate System ;I Urknown Coordinate System ;I

> .
Kl ; 4 ¥
" Show Details Edit... | " Show Details Edit... |

[IFE I Caticel | (]9 | Cancel |

Select the folder on the RH side of the “Choose a table...” window and browse to your Exr03
folder and select rain_gauge_locs_auto.dbf. The Add XY Data window returns:
rain_gauge_locs_auto is in the “Choose a table...” window, LON_DEGREE is the X field,
and LAT_DEGREE is the Y field. Notice that the Description says the file has an “unknown
coordinate system”. Select Edit and set the coordinate system to GCS North American
Datum 1983.prj (as you did earlier when adding rain_gauge_locs_manual.shp). Click Apply,

OK.
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The coord system is now GCS_North_American_1983 (below, left). Press OK.

add XY Data ﬂﬂ @ _Exr03_av92_map_rain_y2.mxd - ArcMap - Arc¥iew (=] |
AE I a p T, File Edit Wiew Insert Selection Tools Window Help
table containing & and ' coordinate data can be added tao the
map as a layer DEES| B @XY|o | g [Eom 1 [:Z| & @ B %2 | ceoreferencing + | e
D Analyst > ‘ Layer: 2 e L E S ‘ ~ | | & U Spatial Analyst ‘ Layer
Chooze a table from the map or browse for anaother table: J Edtog = | N |, v Tack [Creats MewFeature = | Taret; | | |_)( =) ‘ | I i [
"y
rain_gauge_locs_auto j Dl ———————————————— ¥ 6 |
B &
Specify the fields for the ¥ and ' coordinates: B M rain_gauge_Jocs_auto Events @
M HH
# Field: ILDN_DEGHEE j =] lw:elw_Jersey -
. B O sTATES o
¥ Field: |LAT_DEGREE | o E
) ) -
Coordinate System of Input Coordinates »
Drescription: 1=
Geographic Coordinate Systen: ;I
Mame: GCS_Morth_American_1983 3
(i}
&
|
2
=
#
-
Kl 2
™ Show Details Edi... |
[~ iwiam me if the resulting layer will have restricted functionality =
Displey [ Souce ] S eection 2@y m ]
oK I Cancel | Joawna - K 0@ O A~ % |[@ae <[ = n1g‘i-a-1-;-|
|76.23 40,25 Decimal Degrees v

A layer of 30 points, rain_gauge_locs_autoEvents appears (above, right).

NOTE: If there are NOT 30 points, or the points do not appear EXACTLY in the positions
shown, you either mis-entered data or formatted the lat-long columns of the original Excel

spreadsheet incorrectly. You must return to that step and perform it correctly.

¢ Rt-click on rain_gauge_locs_autoEvents > Open Attribute Table. It appears with Latitude,
Longitude, FID, ID, and Shape columns (below):

_loix]
olD I} LON_DEGREE LAT_DEGREE Shape™

3 1 1 75 41 | Point
1 2 745 41| Point

2 3 74 41| Point

3 4 75 40.5 | Point

4 ] 745 40.5 | Point

3 5 7475 40.75 | Point

& 7 -74.25 40.75 | Point

7 g 7475 40.25 | Point

[ 9 -74.25 40.25 | Point

10 75 40| Paint

m n 745 40| Paint

11 12 -75.25 39.75 | Point

12| 13 7475 39.75 | Point

13 14 -74.25 39.75 | Point

14| 15 78 39.5| Point

16 16 745 39.5| Point

16 17 -74.75 41| Point

17 18 -74.25 41| Point

18 19 -5 40,75 | Paint

19 20 45 40,75 | Paint

2 A -74.75 40.5| Point

21 22 745 40.25 | Point

22 23 7475 40| Paint

23 2 -74.25 40| Paint

24 K 75 39.75 | Point

25 26 745 39.75 | Point

26| 7 -75.25 39.5| Point

27 28 7475 39.5| Point

28 2 75 39.25 | Point

280 30 7475 39.25 | Point

Fecard: LI;II 1 _blﬂl Shaw W Selected | Records (0 out of 30 Sele

Don’t panic if the X and Y values do not all show 2 decimal places; AV has chopped off

unnecessary zeroes. If you formatted the original Excel sheet correctly to 2 decimal places,
each one of the 30 points will plot correctly, as in the map above.
e Use File > Export to create a JPG of your map, and send it to your instructor. END PART I.
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Part Il — Perform a “Table Join” and create both a map (mxd) and 3D image (sxd)

Step 1 - Create an external “rainfall” spreadsheet to join to “rain_gauge_locs_auto”
Discussion: One of the most powerful features of a GIS is its ability to “join” external
spreadsheets and databases to internal attribute tables. This enables mapping ALL the
attributes from the “joined” table, even though this table is not “in” a GIS per se. In this next
step, you will create a spreadsheet of measured rainfall data taken from each of the 30 rain
gauge stations that you just plotted.

Procedure:

e Open MS Excel, and set up a spreadsheet with two columns of data - ID and 2004_Rain_in.
o Enter the following data:

_loix
1 - u - -d5-A-2
E] Fle Edt Wiew Insert
Format  Tools Data  Window
Help -8 X

B1 - A 2004 x
A B ain_in

1 I 2004 rain in —

2 1 9

3 2 43

4 3 e

5 4 20

B 5 52

7 G 28

8 7 35

9 8 40

10 9 32

11 10 ¥

121 11 43

13| 12 ]

14| 13 49

15| 14 20

16| 15 40

17| 1B 23

15| 17 2

19| 18 42

200 19 14

21 20 50

2 0N 34

23| 22 47

24 23 52

25 24 28

B 25 44

27| 26 34

28| 2

29 23 5]

Jo| 29 30 b

3| 30 e -

4 4 b H[sSheet: { |4] | HJJ

IR EY ST -
A~

When you are done entering the data, save this table first in .xIs and then in .dbf format, like
you did earlier for rain_gauge_locs_auto. Refer to those steps if necessary. Save the
tables in your Exr03 folder with a name you can remember, such as 2004 _rainfall_in.
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Step 2 - Join rainfall data to the rain gauge locations

Discussion: In order for one table to be joined to another, the tables must share a common
field (column) known as the “primary key”. There are various types of joins, but the one you

want to perform here is “one-to-one”, because you want one 2004 rainfall amount value to
be associated with one (and only one) rain gauge. The primary key will be ID.

Procedure:

o In ArcMap, select the Source tab at the bottom of the ToC.

e Select File > Add Data, scroll to your Exr03 folder, and add 2004 _rainfall_in.dbf:

Look in: |I:| GI5_|_Ex03{avE]_map_with_spdsht j EI cy|am|ei] 5

(1 GIS_I_Exr03(aw)_nput_daks 22l rainfal_contours.shp
Eiz004 rainfall_in.dbf Edl saTES.shp

G New_lersey by

[E2) rain_gauge _locs_suto.dbf

< rain_gauge_locs_auto lyr

] rain_gauge_locs_manual.shp
in_gauge_locs_manual_v3.shp
in_gauge_locs_with_rain.shp

Name: IZUU-i_va\nlal\_\n.dbf Add

Show of type: [ Daatasets and Layers [%r] =] Cancel

A Join Data window appears:
x|

Join lets pou append additional data to this layer's attribute table so vou can,
for example, symbolize the laper's features using this data.

Wwhat do you want to join to this laper?

I.Jﬂm attributes from a table j

1. Choose the field in this layer that the join will be based on:

| =

2. Choose the table to join ta this layer, or load the table from disk:

¥ Show the attiibute tables of layers in this list

3. Choose the field in the table to baze the join on:

=

Advanced. |

About joining data... |

Cancel

Fill in the blanks: “What do you want to join to this layer?” Join attributes from a table

Ilamfgaugeflocs?manua\fﬁ j EI .

LITAsTE TR vam

x|

Join lets you append additional data to this laper's attibute table s pou can,
for example, symbolize the layer's features using this data

‘What do pou want to jain ta this laper?
IJnin attributes from a table j

1. Chaose the figld in this laper that the join will be based on;

fio =

2. Chaose the table to join ta this laper, or load the table from disk:

[2004_rainfallin =l =

[¥ Show the attribute tables of layers in this list

3. Chaose the field in the table to base the join on

o] -

Advanced...

About joining data Cancel

1. Choose the field in the layer that the join will be based on: ID
2. Choose the table to join to this layer: 2004 _rainfall_in
3. Choose the field in the table to base the join on: ID. Click OK.
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If you are asked to Create an Index (below), say No (but it probably does not hurt to say Yes).
x|

The join field in the join table wou are joining ko the target is not indexed.

Wwiould pou like ta automatically create an index for the join field in the join table
now’? Doing 2o will gignificantly improve performance.

LCancel |

[~ Use my choice and do not show this dialag again

[ ]
Notice that there are additional fields in the attribute table:

i
1ain_gauge locs auto Features.ID | rain_gauge locs_auto Features LON_| rain_gauge locs auto Features LAT| 2004 rainfall in.ID | 2004 rainfall in. 2004 BAINF

r 1 75 41 1 3
2 -745 41 2 43

3 74 41 3 27

4 75 405 4 20

5 748 405 5 52

[ 74.78 40.75 [ 28

7 74.28 40.75 7 3

3 74.75 40.25 3 40

3 74.28 40.25 3 32

10 75 40 10 7

11 748 40 11 43

12 76.28 39.75 12 23

13 7475 39.75 13 43

14 74.25 39.75 14 20

15 75 395 15 40

16 745 395 16 23

17 74.78 4 17 22

18 74.28 41 18 42

19 -5 40.75 19 14

20 745 40.75 20 50

21 74.78 405 21 34

22 748 40.25 22 47

23 74.78 40 23 52

24 7425 40 24 28

25 -75 39.75 25 44

26 7458 3975 26 3

27 75.25 395 27 29

28 74.78 3395 28 36

29 75 33.25 29 30

30 7475 39.25 30 27

Record: ﬂil 1 _>|1| Show: W Selected | Records (0 out of 30 Selected.) Options v|

The source of the field can be determined by the prefix (rain_gauge_locs_auto_Features and
2004 _rainfall_in). The unique identifying number that is the same for each row is ID.

Step 3 - Convert rain_gauge_locs_auto Events to a shapefile
Discussion: To preserve your points, it is wise to convert this “events” theme to a shapefile.

Procedure: Inthe AV ToC, rt-click on rain_gauge locs autoEvents > Data > Export Data:

o - Arcap - eciien

e

licsas  bex |- | fmm e L s e oA
B | st = e Lk @ W it = I =] |
R = [ Teoen | R R e
= :.:Q-| |
D ——
e — 2
. B ooy
B tew_torsay ¥ gemre
= O sTaTs ) Open Mttinte Tuble
=] 30 o sl .
G 2o P Layer
@ e v
bl Scale Rarge .
i og Syl Lvels
grincrer. .
bl Fasbures

SV Cormoent Postures to Sraghvcs...

Save 2 L

—>
! et

\.n sl

g k09O A= @ Z[0 Z] Bz u|As e e o

Bistant| e e g s [[Qer vt emap_rot 5] 605 LB M., | i deccatiog - Arcvew - ...

[ [728 4028 Decmal Degroes

& GwN0 B@us e Wiy nam

In ArcMap, rt-click on rain_gauge_locs_autoEvents in the ToC > Open Attribute Table.
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An Export Data window appears:
2l St

Look in: ID Ex03_AY92_Map_rain_in_30

Exzpoit: IAII features j

Use the same coordinate spstem as:
¥ tin

 this layer's source data Mew_Jersey.shp

rain_gauge_locs_manual.shp
rain_gauge_locs_with_rain_v3.shp
rainfal_contaurs_w3.shp

€ the feature dataset you export the datainto
[orly applies if youw export to & featue datasel in 2 geodatabase]

Output shapefile or feature class:

C:\whw/M Folders MBONGIS-GPSAGIS_I_Esrs_ AWINE=port_Output.sh qu

/ N\

Harme: Irain_gauge_loc:s_with_rain_véﬂ shp
Save a5 PR |chapeiile - Cancel |
oK I Cancel | I J

In the Export Data window, select All Features, and “Use the same Coordinate System as: the
data frame”. In the “Output shapefile or feature class” window, browse to your Exr03 folder, and
type rain_gauge_locs_with_rain. Press Save. Press OK when the Export Data window returns.
e Press Yes when prompted by this window:

]

& Do you wank to add the exported data to the map as a layer?

The points should directly overlie those of rain_gauge_locs_autoEvents; if so, rt-click > Remove
rain_gauge_locs_autoEvents.

% _Enr03_av92_map_rain_v2.mxd - ArcMap - ArcView ol x|
J File Edit iew Insert Selection Tools Window Help ‘
DERS|F B @x ook fzmm ] [of & @ O K2 | evererenang v Lo OG-8
J 3D Analyst ¥ | Layzr [ Ei > e 2 s & | P ] U Spatial fnalyst ¥ ‘ Laye | 7] 2 ‘
Jsdim[v|>\l-Task:|aeatewemam = | vorce: | ;||XG)||JIEIQ@‘E]E3|EB|__[1DDZ - |\E,~;§,‘
x| = -
EF=] @
= rain_gauge_locs_with_rain_w4 a
M EH
= B New_lersey a
oi
= O STATES ’@
= @
L]
»
K9
k
(i]
4
J
&
==
7
=
Display | Source | Selection 2o "LI I LI
Jgrawmg' & @‘D' AT IZ“‘O]AnaI [0 =] B 7 u A~ H~ F~x +~
| |73 40.52 Decmal Degrees 4

e File > Save your project.

Step 4 - Label each rain gauge station with 2004 _rainfall_in

Discussion: Prior to construction of a 3D model and contour mapping of rainfall, it is wise to
label each gauging station with the 2004 rainfall recorded at that location, since this is the data
that will be used to construct the model and create the contours.
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Procedure: Rt-click on rain_gauge_locs_with_rain in the ToC > Properties. Select the Labels
tab and fill in the Layer Properties window with the following information:

e Check “Label features in this layer”.

e Method: Label all features the same way

o Label field: 2004_RAIN_ (AV truncates 2004 rain_in to 10 characters maximum)

Layer Properties 2|
General | Source | Selection | Display | Symbology | Fields | Definiion Guery  Labels | Join & Reletes |
7 Lgbel Peatures n ths layer
Method: |Label ol the features the same way. =l
All features will be labeled using the options specified.
Text Sting
’VLabel Field: | 2004_RaiN_ ; R Expression... ‘
~ Text Symbal
2eBlYyIz Symbol...
r— Other Option: Pre-defined Label Style
Label Placement Options... Scale Range... I ’V Label Styles... |
0K | Camcel | sonw |

e Click Apply, OK.
Th(? 2004 rainfall amount appears to the upper Right of each rain gauge station point:

1ol xi

* Eurll3_avi2_map_rain_yZmoed - ArcHap - Arc¥iew

P11
S | B B e [t S Tock et
DeW& B % | o | & | [z <] |22 | & @ 01| W7 | ceorsierencng = — Ga~,@
£
o JEL | [l T e — d&w =
BB | o~ | - | # v T [Covetrem = T o0 o RREERE 0 B RE===a
o -|@ #
S B s :
o =
Ml | =0 s -
e a .
™
-
oten °9T
3
m&. Li ]
- |
2 4
&
Bkl f
B
2]
Wy
=
b [omTsmm] | janjeny o e
o e k0[O A [ [ = B rulAr & g =

4.5 179 Dot Drrers

s et e s i |[ QU Ewr03_vaz_map._ral.. 1615, bt .| 0 seccamo - rchmm - €. | 20 B I8 nmm
File > Save your project to your Exr03 folder

Step 5 - Create a triangulated irregular network (TIN) with 3D Analyst

Introduction: 3D visualization of “continuous surfaces” and the companion ability to represent
these 3D surfaces in 2D are very useful skills because they allow you to interpret (“map”) data
and communicate those interpretations to a wide audience. An example of a continuous
surface is the Earth’s surface, which is 3D in nature. This 3D surface can be represented in 2D
by creating a map of points, each with an attribute of elevation above sea level, and then
drawing “isolines” (“iso” means equal) to connect equal elevation values. Hills and mountains
are typically contoured as “closed highs” extending above sea level, whereas ocean basins are
“closed lows” extending below sea level. In the same manner as you represent the Earth’s
surface in 3D or 2D, you can represent New Jersey’s 2004 rainfall by creating a 3D model and
creating a 2D contour map. If you need further background on continuous surfaces and contour
mapping, consult your text, use Google, or ask your instructor to show you a U.S. Geological
Survey topographic quad map.
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Discussion: Triangulated Irregular Networks (TINs) are models of 3D surfaces that AV creates

from vector point data. AV treats a user-defined attribute (e.g., elevation above sea level or

2004 _rain_in) as a “z-value” (“elevation value”) in X-Y-Z space, then it uses the simplest forms

of planes (triangles) to connect these z-values together into a continuous surface. The TIN can

then be displayed in 3D. It also serves as a surface which can be contoured in 2D.

Procedure:

e Select Tools > Extensions. On the window that appears, make sure that 3D and Spatial

Analysts are checked. Press Close.

Extensions 2|

Select the extenzions you want to use.

ArcScan

D ata Interoperability
Geostatiztical Analyst
I aplex
Metwork &nalyst
Publisher
Schematics
Spatial Analwst —
Survey Analyst
Survey Editor
Tracking Analyst [Mot registered/authorized]

O
O
O
O
i
0O
O
M
O

D escription:

3D Analvst 9.2
Copuright €1999-2006 ESRI Ine. All Rights Reserved

Provides toolz far surface modeling and 30 visualization.

About Extensions |

e Select View > Toolbars; confirm that 3D Analyst and Spatial Analyst are checked
mle= B Exr03 AY92 Map | _lal I
& _Exr03_av92_map_rain_v2.mxd - ArcMap - ArcYiew

File Edit Wiew Insert Selection Tools Window Help
0 = (@ pstaview | & |[F2000000 Rl P Y=Y J Georeferencing = | Laver o] Fie |
Laout View > =
— ot e | @)@ | st v | e % |
Zoom Data
=l ||| B E R e e
Bookmarks y@ |
Toolbars [~ tain Menu
5]
[V status Bar
= Overflow Annotation Advanced Editing
= D Scrolbars Animation

% i wazen| 3D Analyst
DY- T ArcPad

i Arc3can
COGO

Data Frame Propertiss. .
Data Frame Tooks

Dimensiaring
Distributed Geodatabase

[V oraw

[v Editar

Effects
s
Geodatabase History
Geometric Network Edting
|v Georeferencing

Genstatistical Analyst

Scroll to Spatial Analyst

T

I::l Map Cache

: Network Analyst
Display Selection Publisher

:Jg,aw,ng- k@‘D' A > RasterFainting =t =] B Q|Av B S o~

| |76.55 41.22 Decimal Degrees

-
#start| () Exr03_avaz_tap_rain_i.. |[{QUEr03_avaz_map rai. 9] I 1_Ex03(av92) Map... | L arccatalog - Arcitew-C... F B |g>359 ) @ D& B 5 1147 P
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“FeForoBit@ONEOY

ngisy [ Souwcn | Sotecton] |
gl oems kI E O A e Az m A S o
Bl -evr 1 pne e

sat] |t e pow s [t iz g a1 St P | ) sertatag - e | TR0 BP I Hf nmm
“ ” H .
e A*“Create TIN from Features” window appears (below left):
~ Ipt r~ Input:
Check the laper(s] that will be used to create the TIN. Click a layer's name to specify Check the laer(s] that will be used to create the TIN. Click a laper's name to specify
its settings. itz zettings.
Layers: Lapers:
| 1 Settings for selected laper——————— - - | [ Settings for selected layer
O rain_gauge_locs_with_r.. H . # rain_gauge_locs with_r... g
[ rain_gauge_locs maru... Feature type: 2D points O rain_gauge_locs_marnu. .. Feature lype: 2D points

O Mew Jersey O New Jersep

Height zource [[n] - Height source: Al _ v
Triangulate as: Imass points 'l Triangulate as: ts 52

Tag walue figld: |<Nnne> 'l Tag value field: m

Output TIM: GPSAGEIS_|_E serciseshGIS_|_E sr03[av8]_map_with_spdshtstin g Output TIM: GPSAGEIS_|_ExerciseshGIS_|_Ew03(av8)_map_with_spdshts'tin

;¢ QK | Cancel

Make the following changes (above, right), to the window:
» Check / the box next to rain_gauge_locs_with_rain.
In the Settings for Selected Layer panel, choose the following settings:

0 Height Source: 2004_RAIN _

0 Triangulate as: Mass points

o Tag value field: ID
e In the Output TIN window, NOTE the following departure from protocol:
Many users have reported trouble in creation and display of TINs. In-lab GIS students rarely
have trouble. My own (limited) experience suggests that if there is a space ANYWHERE in the
directory path from the drive letter (e.g., C: or G:) to the tin folder, the TIN will not be created.
Therefore, | suggest that online GIS students place the tin in the main C drive folder of their
home computer:

Look. in: I@ Ch

arcgis [(Esmez [ TEMP

BACKLP [JESRI (umax

Del daTkay (ZwinnT

Delarme Docs Ehp [EwuTemp

Discowver D 1386 @ tin_montganmery

Documents and Settings [pfdata

Dos 2] Program Files

DRIVERS Crs

EPSON Ea QUARANTINE
MName: Itin_mnnlgnmery_z‘!
Save a3 lype: ITIN datasets ﬂ Cancel |

e Press Save.
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Th TIN (a polygon with different colors in a “stripe” pattern) should appear:

e o e et e e
CFaa BXE Ao
P > | Lo

] P

fu¥cs

~EnForigit@

s

directory path. If the settings and path look OK, contact your

instructor right away, rather than spend hours (literally) trying to troubleshoot the problem.

Step 6 - Modify the class breaks on the TIN to correspond with contour values.
Discussion: The TIN is a 3D model that uses colored bands to distinguish ranges of values, in

this case, 2004 rainfall.
Procedure:

e Rt-click on tin_* (where * is your name) in the ToC > Properties > Symbology. In the lower
left part of the window, uncheck “show hillshade illumination effect” (red arrow below):

Layer Properties

Genalall Suurcal Display  Spmbology IFisIds I

21X

2 ety 5 [T Show class breaks using feature values

Sl:lsvaliun |Face elevation with graduated color ramp
“alue Field Classifization
’V Elevation | Equal Interval
By s lm Clagzes IB vI LClassify.
| Syrbial | Range I Label I
[ J4rezerere-52 47.222-52
[ 4z andad0d - a7 2202022 42,444 - 47222
I 7 GGGGEET - 42.4444444 7667 - 42.444
I ;2 555555 - 37.66E6E67 32.989 - 37667
add ll I 251111111 - 32.8388889 28.111-32.889
I 233333333 - 281111111 23.333- 28111
Remave | Ll I 5 5555556 - 233333333 16,556 - 23333
) | |13.77e7ere - 10.5555556 13,778 - 18556
Ehow hillshade [ l3-1arrrers 9-13.778
f ination effect in

| o ]

Cancel I

Apply

T e lnix
e e fuet Jelecton Dok Wiedos tel
CEaa L@ o s o2 | & @O [t [ |
S = | e[ -
P e I
@ 3
ey
»
-
-
®
L3
. L]
o5 2
) . J
&
!
g =
O o = e POYTOOY —
e kO[O AT [Eee A =l msp A S he o
PR 4L Dol e

e Press Apply, OK. You now see the full range of TIN colors in the Data View (above right)
e Rt-click on tin_* > Properties > Symbology. Layer Properties window re-appears:
OIS

20 21x]
Chassification
General | Source | Display  Symbology | Fieids | [T e — |
Shol -
[Face elevation with graduated calor ramp Dosser [ 5] e 5
Walue Fisld Classification €
( Elevation | Equal Interval sk _;;_;_____J
5
. = ]
e T B = Clagses: |3 Llassify. [l . —I
100 = 5
Symbol_| Range [ Label I 3 I Showid Dev. [ ShowMean
472220222 - 52 47.222-52 150 . o -
424444444 - 47, 2222222 42.444 - 47,222 b 8| 5 B
I 375666667 - 42.4444444 37.667 - 42,444
I 2 250252 - 37 6EEGET 32.899 - 37.657
add.. 4 | | I 25111717111 - 328908889 28,111 - 32,669 fon
[ 233333333 - 281111111 23.333- 28111
Remove 4 | | I 15 5555556 - 233333333 16656 - 23,333
[ |1a777reve - 18555555 13.778 - 18.55 50
I Show hillshads [ Ja-arrmes 9-13778
ilumination sffact in
2D display B Sreroees eshe usihg (s eelves
1275 15 4125 52 o |
0 | Cancdd | e | o = coce_|

In the upper RH Classification window, select the Classify button (red arrow above left). A
Classification window opens (Right above.) In the “Method” window, select Defined Interval,
and set the “Interval Size” to 5. Click OK in the lower RH corner of the window.
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The Layer Properties window returns (below, left).

a0l x|
General | Source | Display  Symbeloay | Fieids |
Shaw: - - DFEES B¥ | oo frmme T =l
IEEEE Face with color tamp o AL AL R s e ——T
Yalue Field Classification——————————— e Sl ol Lol | - A I | /3 |4
( Elevation Defined Interval & E|
a|
Color Ramp D - | e [0 R |
|
|
Symbal | Rangs [ Label [~ ::
50-55 50-55 -
45-50 45-50 w|
N 40 - 45 40-45 : s same |l
N 5 - a0 35-40 o
Add T+ 0-35 0-35 . "
—I —I | EE %530 a .':'! |
|
Remove 4 || s 0-25 7
B 1520 15-20 L
™ Show hilshade 10-15 10-15
ilumination effect in o an o an |
2D display I~ Show class bieaks using feature values
N (== = ] PO 3 off
ok | Cancel | Apply | omew NI O A [ A A m s p A S g i
B

The breaks that separate the colors are now in increments of 5 inches of rainfall. If you don’t
care for the default colors, select a “Color Ramp” that is pleasing to you. Press Apply, OK.
The Data View returns with the TIN color-coded according to your specifications (above, right).
e File > Save your project.

Step 7 - Display the TIN in 3D in ArcScene

Discussion: ArcScene is part of the ArcView package (along with ArcCatalog and ArcMap). It

enable you to bring 3D files into a view, then manipulate them in order to aid 3D visualization.
Procedure:

e Select Start > Programs > ArcGIS > ArcScene. An empty ArcScene window opens:
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Select File > Add Data or press the Add Data button. Scroll to your tin_* folder and select it.
The TIN appears, but in a very distorted manner (see above right).

e Select View > Scene Proeerties: -
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The Scene Properties window appears:
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e Select the General tab (above, left). Next to the “Vertical Exaggeration” window, press
Calculate from Extent (red arrow above left). A number will appear in the “Vertical
Exaggeration” window (blue arrow, above right). Press Apply, OK. The TINshould look 3D
in ArcScene (NOTE: you will probably have to select the Navigate button <«@» (red arrow
below left), then rt-click and drag the mouse toward you in the View to increa¥e TIN size.
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o Rt-click on the TIN in the ToC > Properties > Symbology. Inthe Layer Properties window

(below left), select Remove > Faces, then select Add > Face elevation with graduated color
ramp (below right); click Add, then Dismiss
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As you did earlier, press the Classify button, and you are taken to a second screen (below).
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In the Method window, select Defined Interval and set the Interval Size = 5. Press OK.
Uncheck “Show hillshade illumination effect...” (red arrow above right). Press Apply, OK. The
ArcScene returns with a color-coded 3D model, with color bands representing each 5” of rainfall:
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To maximize the 3D effect, select the Navigator button, then press and hold the Right mouse

button and pull the mouse toward you. The image gets larger. Press and hold the Left mouse

button and the image will start rotating about various axes, allowing you to move the image

around in 3D space. Move the image to a position where you are looking at the side of the TIN,

with the lines separating the 5-inch intervals approximately horizontal. This will help you see

how contour lines are created in the next step.

e Select File > Document Properties > Data source options > Store relative path names;
click OK, Apply, OK

o Select File > Save As, scroll to your Exr03 folder and save the Scene as Exr03_3D.sxd.

32



Step 8 - Create contours of NJ rainfall with 3D Analyst based upon the rainfall TIN
Discussion: The color breaks at every 5” of rainfall on the TIN wrap all the way around the
TIN, except for the north end. You can see these breaks easily in 3D in ArcScene. In ArcMap,
you can only view the TIN from a “map” view (directly from above). From above, the only places
you see color changes are where the 5-inch increments intersect the outer surface of the TIN.
To illustrate this, arrows are placed at a spacing of every 10” of rainfall on the cross-section
below, at the spot where the line representing a certain value of rainfall (e.g, 20") intersects the
outer surface of the TIN. These “isolines” are contour lines, drawn around the outer surface of
the TIN. An isoline connects equal values of measurement on any continuous surface. In this
exercise, you are going to create isolines at a contour interval (C.I) = 10", and then overlay
those contours on the 3D TIN of rainfall. This will give you a better understanding of how
contour mapping allows you to represent 3 dimensions in 2D.

Cross-section of rainfall TIN

Procedure: Re-open your Exr03_map in ArcMap (not ArcScene). If you did not set your
Document Properties > Save relative paths earlier, you may see a red exclamation point (!) to
the left of the TIN in the ToC (see below); this indicates that you need to re-set the directory

Eath to the source of your TIN.
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e Rt-click on the tin_* (* = your name) in the ToC > Properties > Source > Select Set Data

Source (above right). Scroll to the location of your TIN (below, left).
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e Select your TIN (above left); the Layer Properties window re-appears (above right)
e Press OK.

33



The Data View re-appears with the TIN visible.
[ ]
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e A Contour window appears (below left),
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Click on the drop-down arrow W on the 3D Analyst menu > Surface Analysis > Contour:
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Select the following parameters (above, right):
0 Input surface : tin_* (* = your name)
0 Contour Interval: 10 (1 line for every 10” of rain)
0 Base Contour: 0 (this will be the first, lowest contour line)
o0 Zfactor: 1 (a measure of vertical exaggeration)
o Output features: Use the folder button [/ to set the directory path to your Exr03
folder, and Save the contour map as rainfall_contours in your folder.
0 Press OK on the bottom of the Contour window (above, right)

The rainfall_contours shapefile should appear in your map window and in your ToC. The

default black lines should overlay the TIN at 10, 20, 30, 40, and 50", at the breaks in color

that correspond to each of those values:

=15l=
_wmwmmmww
| DFE& @ - & [ o [oF| @ O K | gestancng = [
| sty > | et [inz g tES @ W | sy~ =
edog= | b | # * e [Crocke b Poshe = . ¢ R [
¥ =
& Layers g
= B ownfol_conbouns_wiE vt
- o
Bevation oo
055 ™
4550
L_ELEY ‘
LR -
-5 =»
|8
rE i
[ FLR-1) o
o A
= B ran_gmue s with s ve |
@ "
HE’«JHDH -.' J
= O STATES i
= 5
) - =
@@ o of
poeg = K G O A 5 [oiae [0 =] B sy A e de o
N

34



e Rt-click on rainfall_contours > Properties > Labels tab ; Layer Properties appears:
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Checkmark “Label Features in this layer”.

¢ Inthe “Label field:” window, select Contour; you may also want to change the font to Bold
using Symbol.

e Click Apply (if you changed the font), then OK.

The ArcMap Data View will return with 10, 20, 30, 40, and 50-in rainfall contours labeled:
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e Select File > Save
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Step 9 - Open ArcScene, add rainfall contours to the 3D view
Discussion: You will use ArcScene to look at the relationship between a TIN and Contour map.

Procedure:
e Re-open your Exr03_3D.sdx file.
e Select File > Add Data, scroll to your Exr03 folder, and select rainfall_contours.shp:
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The contours are displayed in a flat plane, underlying the TIN. You must instruct ArcMap to

“drape” line features on top of the TIN.
¢ Rit-click on rainfall_contours > Properties > Base Heights tab:
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¢ Under “Height:” select Obtain heights for layer from surface (red arrow above right). Use
the Browse button (Green arrow) to scroll to your tin_* (* = your name); press Add.

e Leave the Z-init conversion at 1 (blue arrow above right).

e Do not add an offset.

e Click Apply, OK when the Layer Properties window returns. The contours “rise” into position
at the breaks between colors (below left). You may wish to change their color and thickness

(see below right) by dbl-clicking on the contour line in the ToC and use Symbol Selector.
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e Select File > Save.
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Step 10 - Evaluate the rainfall TIN and contours in 3D and 2D
Discussion: Spend some time moving the TIN_* and rainfall_contours around in ArcScene.

0 Rotate the image to the cross-sectional view portrayed in the exercise instructions
above, and make sure you see how the contours wrap around the outside of the TIN,
connecting equal values together (all the 10s, 20s, 30s, 40s, and 50s).

0 Take the image to “map view” (as though you are directly overhead)) and note its
similarity to ArcMap - now it is a 2D view. Can you see how contours can represent
3D images in 2D?

Contouring is perhaps the most powerful quantitative mapping tool in existence. Even non-
spatial thinkers, managers, and your bosses can see “highs”, be they for elevation,
contamination, or number of crimes per day. If you learn how to use this tool, your analytical
capabilities will improve immensely, along with your abilities to share your analyses with others.

Step 11 - Embed ArcMap and ArcScene views into your write up of this exercise.
e Create a layout in ArcMap, at a scale of about 1:2,000,000; Export it as a jpg.
e Create a view of ArcScene (it is not capable of creating layouts);Export it as a jpg.
¢ Open MS Word and begin your exercise writeup. During the course of your writeup, use
Insert > Picture > From file and Insert both the ArcMap jpg and ArcScene jpg into your
document.
¢ In about 250 words, indicate:
0 what you learned about table joins, 3D viewing, and contouring
o what you liked and disliked about the exercise
o how you'd like to see this exercise changed in the future, if at all.

Due Date: Approximately two weeks from the date the exercise was assigned. Consult your
syllabus or WebCT calendar for the current semester.
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