CEE6400 Physical Hydrology

Homework 3. Precipitation Date: 9/18/13
Due: 9/25/13

Learning Objectives.

- Be able to estimate area average precipitation from point measurements using a variety of
methods

- Be able to quantify the uncertainty in an areal precipitation estimate

- Estimate design rainfall amounts and intensities

- Develop ArcGIS skills for analysis of hydrologic data

1. Dingman 4.6.

2. a) Dingman 4.7.

b) Compute, for the information given in Dingman 4.7 the uncertainty, quantified by
standard deviation, associated with the estimate of area average precipitation in any one
specific year (assuming that gages are randomly positioned). Compare your result to the
uncertainty that would have resulted had there only been 1 rain gage.

c) Explain physically what it means for the correlation structure of annual precipitation in
the region to have a value of ¢=0.0386 km!, and comment on how physically realistic
such a value is.

3. Dingman 4.9.

Estimation of area average precipitation from point measurements as an Introduction to
ArcGIS (This exercise should work for versions 10.1 and 10.2)

Overview of what is to be done

1. Display the watershed boundary, state boundaries and Digital Elevation Model (DEM) in
ArcMap. Create and display contours from the DEM.

2. Convert tabular latitude and longitude data from reyprecip.txt to add to your map the display
of raingage locations. Identify geographically, attributes of the raingage data. Report the rainfall
and elevations associated with certain raingages.

3. Prepare a layout showing the watershed boundary and topography of Reynolds Creek and its
location in the Western U.S.

4. Estimate basin average mean annual precipitation using the ArcGIS Thiessen polygons tool
then exporting the data into Excel for weighted averaging.



5. Use the interpolation capability within Spatial Analyst to estimate mean annual precipitation
surfaces using kriging or smoothing splines. Estimate basin average mean annual precipitation
based on these surfaces.

6. Use the elevation at each precipitation gage to develop a relationship between elevations and
mean annual precipitation. Use this relationship to estimate basin average mean annual
precipitation (the Hypsometric method) accounting for topography.

Computer and Data Requirements

To carry out this exercise, you need to have access to a computer which runs ArcGIS. You need
the following data:

A shape file giving the Reynolds Creek watershed boundary (rcout.shp).
A table of annual average rainfall data called reyprecip.txt.

A digital elevation model grid file called reydem.

A shape file giving the US State boundaries.

b=

These data are in the file hw3.zip (downloadable from the class web page). Unzip all the files
into a single folder (directory).

For illustrative purposes I will assume this directory is 'C:\rain\'. The files in the zipfile consist
of the following files: rcout.shp, states.shp, reydem, reyprecip.txt. The files in bold are GIS
files that physically comprise several files with different extensions. Do not concern yourself
with this, just extract the whole zipfile, then you should have all the pieces you need and ArcGIS
will see the multiple files as one.

1. Viewing data ArcMap and examining data

(1) Open ArcMap and select the "A new empty map" option.
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(2) Use the ®- (Add Data) button to Add Data. At the dialog that appears navigate to the
folder, which contains the data (c:\rain) and select the file rcout.shp. This is a shapefile giving
the boundary of Reynolds Creek Experimental Watershed. This should be loaded first because it
has associated with it the UTM projection that the ArcMap Data frame will inherit. (This
projection information is in the file rcout.prj.)

'§.+} -
(3) Usethe =~  (Add Data) button to add the states.shp data. Click CLOSE to the warning
about a different geographic coordinate system.

(4) Select Customize/Toolbars/Tools
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toolbar is visible. This may be docked somewhere convenient. Click the = (zoom to full
extent) button to see the US states. Drag the layer rcout in the contents panel to the left to above
the states panel. You may need to toggle the "List by Drawing Order" button to be able to do

this.
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You should then see Reynolds Creek as a small dot in the south west corner of Idaho. Click

the @ (zoom in) button then drag over this area to zoom in on the basin.



until you have a picture something like this showing the location of the watershed in the SW
corner of Idaho.

Right click on the layer name "states" in the contents panel and select properties.
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Select the symbology tab to adjust colors and line thickness etc. You may wish to color the
states different colors using the "Categories", "Unique values" in the "Show" box., with State
Name as the value field.
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Or you may wish to make the feature symbol transparent to show only the outlines of the states.

Click OK or Apply to activate your choices.

(5) Click File/Map Document Properties and select "Store relative pathnames to data sources".
This has the effect of setting the path from your map document file to the data that it contains
using relative paths so that if you stop work and move the data and map document file to another
computer, but retain the data in the same relative positions in a folder, the map document will
correctly locate and display the data.



Q) Untitled - ArchMap - Arclnf (E=TEeA >

File | Edit View Bookmarks Insert Selection Geoprocessing  Custormnize Windows  Help
D MNew.., Ctrl+M  g+| Map Document Properties &Iﬁ
2 Open... Ctrl+0 -
& Open m General &
Save Ctrl+5 !_ g
1 Save As... = File: gq
Save A Copy... | Title: g
Add Data r Summary: [;] \
Hd signin... g
0
HH  ArcGIS Online... S
: Description: B =
Page and Print Setup...
'@ Print Preview...
& Print...
.:‘ﬂ Create Map Package... i
Export Map... Author:
|[ﬁr Map Document Properties... Credits:
1 Ch\Users\dtarbhScratc...\Bxd.mxd =
ags:
2 Ch\UserstdtarbhScratc...\ Bl mixd
3 Ch\Users\dtarb\Dave...\uwrl.rmxd Hyperiink base:
4 Fhgis ex?\EBx2. mud
e o Last Saved:
5 Ch\Users\dtarb\Dave\..\ex2.mixd )
Last Printed:
6 C\Userst dtarb'5..\Untitled. mxd
Last Exported:
T Ch\Users\dtarb\Scra..\Snow.mixd
Default
8 C\Usersh\dtarb\App...\Snow.mxd Geodatabase:  CiWUsers\dtarb\Documents\ArcGIS\Default. adb
9 Whydrolegy.usu.edut...\ppt.rmxd Pathnames: [¥]5tore relative pathnames to data sources:
T = — e e Thumbnail: Make Thumbnail t il :
Display the properties of this map decument | [ oK ] ’ Gy ] [ Apply ] 7859 Meters

(6) Save your work in ArcMap by choosing File/Save and selecting a file name (the file will be
assigned extension mxd). I suggest you put the map document in the same folder as the data and
then if you want to move to another computer you move the whole folder taking advantage of the
relative path setting just set. If you do not do this, and move the data, ArcMAP will try find the
data in exactly the same path (e.g. C:\users\yourname\...) and if the path is different will not
locate and be able to display the data.

+ -
(7) Use the b (Add Data) button to add the digital elevation model raster "reydem". The
added file is listed in the Arc Map Table of contents.

A raster or grid is a data structure that supports numerical values on a square grid. In this case
the values represent topographic elevation. In ArcMap raster data is stored in an ESRI
proprietary grid data structure comprising the principle folder (here named reydem), files inside
it (which you do not need to concern yourself about) as well as *.aux files and files in the "info"
folder. These should have been extracted in their entirety from the hw3.zip data file. These files
should not be manipulated except through Arc software (ArcMap or ArcCatalog). ArcCatalog is
a utility similar to Windows explorer for managing GIS data. If you move one of the files in a
raster folder, but not the other ones the raster may become corrupt and unusable.



(8) Zoom right in over the watershed, turn the states layer off and adjust the rcout layer so that it
is transparent so that the watershed boundary is displayed relative to the DEM. You can recolor
the raster by going to the theme's Properties/Symbology and choosing a new color ramp
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(9) Select Customize/Extensions.

Customize | Windows Help

Toolbars 3

| Extensions...

Add-In Manager...

Make sure that "Spatial Analyst" is checked and select "Close". This activates tools that are part
of the "Spatial Analyst" package, that we will use for contouring and the analysis required to
calculate spatial rainfall.
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Contours

Contours are a useful way to visualize topography. Contours can be generated using a tool in the
Spatial Analyst Tools toolset. First click on the ArcToolbox button to display ArcToolbox. This
may appear in a tab on the right and need expanding.
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Expand on the tools as necessary clicking on the + sign and select the tool Spatial Analyst >
Surface > Contour...
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Set the inputs as follows with Input raster "reydem", output polyline features "cont100.shp" in
the folder you are working in and contour interval 100. Click OK.
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After a short while the Contour tool should complete and contours should be added to your map.
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2. Adding tabular data and identifying associated grid data.

The file reyprecip.txt contains annual average precipitation data for 25 stations in Reynolds
Creek, with their coordinates. This data is described in (Hanson, C. L., (2001), "Long-Term
Precipitation Database, Reynolds Creek Experimental Watershed, Idaho, United States," Water
Resources Research, 37(11): 2831-2834.) and is available from ftp.nwrc.ars.usda.gov. This data
has already been processed from the hourly and breakpoint raw form into annual averages. [
have used here only the 25 stations with 14 years or more of precipitation record.

(1) Use the b - (Add Data) button to add the data table "reyprecip.txt". This file should then
appear in the table of contents (source tab) of the active data frame, but not on the map, because
the system does not (yet) know how to interpret the data geographically.

(2) Right click on this table of contents entry and select Open
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This displays in tabular form the data read from file reyprecip.txt.
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Note that there are fields named long and lat that give the locations of the precipitation stations
in geographic coordinates. Close the table.

(3) Right click on the table of contents entry for 'reyprecip.txt' and select display XY data. At
the display XY data dialog adjust the X field to long and Y field to lat. Do not click OK just yet.

- B
= L C:\rain Display XY Data - m
E reypr"i" -t = —
E Open A table containing X and ¥ coordinate data can be added to the
map as a layer
Joins and Relates 3

|| Choose a table from the map or browse for another table:
I reyprecip. bt j =

X Remove

Data 3
Edit Features » Spedfy the fields for the X, ¥ and Z coordinates:
Eﬁ Geocode Addresses... X Field: long -
) . o
#; Display Route Events... Y Fisld: @ -
_— L
1d lay| &+ Display XY Data ... .
< a new map ay|x-r 7 Fild: o -

Coordinate System of Input Coordinates

Description:

Projected Coordinate System: -
MName: MAD_1927_LUMTM_Zone_11N

Geographic Coordinate System:
Mame: GCS_Morth_American_1327

4

[ show Details

Warn me if the resulting layer will have restricted functionality |

[ o« | [ canca | |
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Click on the Edit button in the coordinate system of input coordinates. This allows you to
specify the coordinate system of the X-Y data that is being displayed. In this case the rain gauge
locations are in geographic coordinates and we are going to assume that they are relative to the
North American Datum of 1983. At the spatial reference properties dialog click Select, then
navigate the folders to Geographic Coordinate Systems/North America/NAD 1983.prj.

Browse for Coordinate System — @

Loak in: [E Morth America 'l & @ '| ﬂl Bl v &
) Alaskan Islands,prj €. Greenland 1996.pr] £INAD L
J) American Samoa 1962.prj ) Guam 1963.prj I NaD 1
7 Ammassalik 1958.prj 7 Helle 1954.prj NAD L
[# Average Terrestrial System 1977.prj Cj Mexican Datum of 1993.prj Cj Ocotep
) Barbados 1938.prj ) NAD 1927 prj ) 0ld Ha
1 Bermuda 1957.prj (23 NAD 1927 (CGQTT).prj 3 0ld Ha
{# Bermuda 2000.prj @NAD 1827 (Definition 1976).prj Q:ﬁpuertn
[# Cape Canaveral.prj L NAD 1983.prj @Qornon
) CROS.prj €3} NAD 1983 (CORS96).prj €} Qornon
4 | i 3
Show of type: [Coordinahe Systems v] [ Cancel l

Click Add. The Spatial Reference Properties dialog should now show details of the spatial
reference system you just chose. In GIS it is important that the Spatial Reference system for
each data set is correctly specified, or else the system may not display and analyze it correctly.

ClickOK. The Display XY-data dialog should now show the coordinate system that you chose.

2 [ |

A table containing X and Y coordinate data can be added to the
map as a layer

Display XY Data

Choose a table from the map or browse for another table:

| reyprecip.bd J
Spedify the fields for the X, ¥ and Z coordinates:

X Field: long -
¥ Field: lat -
Z Field: <None: -

Coordinate System of Input Coordinates

[lg;mp&an.-__'—--.._\

Geographic Coordinate System: -
Mame: GCS_Morth_American_1983

] b

[~ show Details

Warn me if the resulting layer will have restricted functionality

OK ] [ Cancel
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Click OK. Click OK to the warning about object IDs. The raingage locations should now be
displayed on the map.

Something quite incredible has actually occurred here. The map data frame is in UTM
coordinates inherited from the first dataset loaded. (One of the reasons you were instructed to
load rcout.shp first is because it has a *.prj file giving the coordinate system or projection
associated with it.). However the precipitation gages were specified in latitude and longitude.
By specifying that coordinate system for the data being displayed, the system has on the fly
made the adjustment to display the data correctly. Change the symbology of these to something
that depicts raingages.

(4) In addition to being useful for the display of geographic data, GIS is useful for the querying
of numerical and text attribute data associated with the geographic data items. The identify

features tool E on the "Tools" toolbar is used to display attribute data of features in the Map

by clicking on them. Click on the Identify Features tool , then Click on the location on the
map you are interested in, and in the Identify Results window select the object you are
interested in.

Identify

Identify from: <All layers> ﬂ
I reypredp. txt Events

—J- cont100

=} reydem
i 1513,000000

(&)T]

Location: 514,448.274 4,785,979.722 Meters =

Field  Value it

staid  p053

long -116.824106

lat 43.,228522 |

anntot  507.89 3

jan 57.88

feb 43.09

mar 74.87

apr 46,16

may 36.14

jun 39.94

jul 14.19

A 73 44

4 m 3
Identified 5 features
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For example the above display indicates that the station identifier 'staid' of the gage I clicked on
was P053, the annual precipitation 'anntot' at this location was 507.89 mm (The units need to be
ascertained independently of the database). The elevation from the DEM is 1513 m, and this is
in the state Idaho. You may need to adjust the layers selection at the top to control the layers you
want to identify information from. Use the identify features tool to examine the attributes
associated with raingages and other layers displayed.

1. To hand in. Report the Station Identifier (staid), elevation and mean annual precipitation at
the most northern and most southern rain gages in this dataset.

3. Preparing a Layout for Presentation

(1) Change the format of the display window from Data View to Layout View by clicking on
View/Layout View,

it | View | Bookmarks Insert Select
= Data View .
i l@ Layout View | )
n Graphs k[
,} Reports 3

You may also toggle between layout and data view using the buttons on the bottom of the map
display

o Layout View %

The Layout View is used to decorate the map for printing or presentation. Insert/Scale bar

Insert | Selection Geopr

Data Frame

(0

=
=
=

Title
Text I
Dynamic Text »

T[] Meatline...
*
N

> |

Legend...
Morth Arrow...

E=a  Scale Bar..

1N Scale Text...

= Picture...

[s] Object..
T
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and Insert/North arrow to add presentation items to your layout.

(2) Make a location map by inserting a new data frame.

Insert | Selection Geoprc

: |§ Data Frame "1
i

Data frames are groups of feature classes, symbology, and display attributes (projection, extent
etc.) that form part of a map. In Data View only one is displayed (the active data frame). In
Layout View each data frame is displayed in a box indicating where it appears in the larger
layout document. With multiple data frames present the right click menu item activate is used to
control which is active. Right click on layers in the table of contents to copy then paste between
the data frames. Copy the rcout shapefile first so that the new dataframe inherits the correct
projection properties, then copy the states shapefile.

o 1]
O |5 Copy

= Etﬂtﬂi ¥ FRemove

Right click and "paste layer" on the new data frame

s s =

< Add Data...

L¥

=

¢ Mew Group Layer
%ﬁ MNew Basemap Layer
El Copy

| % Paste Layer(s)

X ERemove

Use the tools on the "tools" toolbar, and the "layout" toolbar to adjust the layout and positioning
of data frames. Use the draw toolbar to add lines or annotation. Produce a layout showing the
location of Reynolds Creek similar to below.
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2. To hand in. A layout showing the watershed boundary and topography of Reynolds Creek
and its location in the Western U.S.

4. Calculation of Area Average Precipitation using Thiessen Polygons

With this bare essentials introduction to ArcMap will will now turn our focus back to hydrology
and the calculation of the area average mean annual precipitation over the watershed using
Thiessen polygons.

(1) Preparation of rain gage shapefile. If you are still in layout view toggle back to data view and
if necessary right click on the "Layers" dataframe and select activate.
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= = Newl “ag  Convert Features to Graphics...

Convert the reyprecip.txt events display to a shapefile. Right click on "reyprecip.txt events"

o L3 ¢l AddData..

B [ &2 Mew Group Layer

:Q';Q Mew Basemap Layer
=
sac @ o
= % Paste Layer(s)
X Remove
B
= Turn All Layers Off
Select All Layers
BEC
=]

= Collapse All Layers
Reference Scale
Advanced Drawing Options...
Labeling

= B G
= ¥

Activate

and select Data/Export Data.

= d Chrain

=] reyprecip.et Ev=-r

E reyprecipbd | ¥
= B3 Chrain =
= contl00
= rcout (G
O
= states
(I
= B Chrain,
= reydem

Value
[ | High : 2262

"Low: 758

| = MNew Data Frame

Copy

Remowve

Open Attribute Table

Joins and Relates »

Zoom To Layer

Visible Scale Range 3
Use Symbol Levels

Selection »
Label Features

Edit Features »

Convert Features to Graphics...

Convert Symbology to Representation...

= B3 Chrain | Data , |
= states = =
O <. Save As Layer File... |&-+’ Export Data...
=] reout fS) Create Layer Package... Export to CAD...
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At the export data box, click use the same coordinate system as the data frame (to convert
from latitude and longitude to UTM coordinates) and specify the output name "reyprecip.shp".

Click OK.
[ Export Data - M-‘

Export: [AJI features - ]

LIse the same coordinate system as:
s source data
@ the data frame

the feature dataset you export the data into
(only applies if you export to a feature dataset in a geodatabase)

C:rain‘reyprecip.shp

Click "Yes" to add the exported layer to the map. Right click on reyprecip.txt in the table of
contents to remove this from the map. "Events" are a temporary dataset and by converting to a
shapefile we have made the geographic expression of the raingauges permanent so no longer
need this temporary layer.

Thiessen polygons associate each point in a watershed with the nearest raingage. Select the tool
Analysis Tools = Proximity = Create Thiessen Polygons

- il Anabysis Tools
+ 8 Extract
+ 8 Cverlay
=8 Proximity
& Buffer
¥l Create Thiessen Polygons

In case you do not know where to find a tool that you think you need, ArcInfo also has a handy
search capability. Click on the Search Window button

ze Windows Help
Z @ %o gF

Then enter the term Thiessen in the Search Window and click on the search button
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Search o=

9|

,ﬁ Local Search -

Toals

Saanch returned 1 bems. H=lg

toolboxes\system toolboxes\analysis tools...

The Create Thiessen Polygons tool can also be opened from the link in Search returned items.

Specify ReyPrecip as the Input Features. Set the output feature class to be ThiessenPoly.shp
(saving it in the folder where you are working, e.g. c:\rain) and indicate that ALL fields should
be output. Do not click on OK just yet

r ™
‘K\% Create Thiessen Polygons - @@ﬂ

- -

Input Features Create Thiessen Polygons

| reyprecip | @

Output Feature Class _Creatie:es Thiessen polygons from point
C:Yrain\ThiessenPoly.shp @ input features.

D:LHLJUt Fields (optional) Each Thiessen polygon contains only

a single point input feature. Any
location within a Thiessen polygon is
closer to its associated point than to
any other point input feature.

- -

[ QK ] l Cancel ] [Environments... ] [ <<« Hide Help ] l Tool Help ]

Click on Environments, then expand Processing Extent and in the Extent dropdown select "Same
as layer reydem". Also select "reydem" for Snap Raster.
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-
f‘% Envircnment Settings

=)

¥ Workspace

¥ Dutput Coordinates

Q

rocessing Extent
+

- &

¥ XY Resolution and Telerance

¥ M Values

R T .

_
Same as layer reydem I
Top
4796895.000000
Left Right
510165,000000 527205,000000
Bottom
4755995.000000
Snap Raster
Ireydem

=N

»

m

-

Snap Raster

Snap raster is used to snap or align
an extent during execution. The lower-
left corner of the extent is snapped to
a cell comner of the snap raster and
then the upper-right corner is adjusted
using the output cell size. As a result,
when the output cell size is same as
the snap raster cell size, the cells in
the output raster are aligned with the
cells of the snap raster.

[ ok

] l Cancel

] l << Hide Help ]

l Tool Help ]

These settings ensure that the Thiessen polygons being created will cover the full extent of the
DEM which includes the entire watershed. If you forget to do this you may end up with
Thiessen polygons that do not cover your entire watershed. Now click OK to dismiss the

Environment settings and OK again to create Thiessen polygons..

The result is a Thiessen polygon shapefile.

Next task is to clip these polygons to the watershed boundary. Open the clip tool

-~
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ArcToolbox
+- {5 30 Analyst Tools
- & Analysis Tools

= % Extract
Y

Specify the Input Features as ThiessenPoly and Clip Features rcout. Save the resulting Output

Feature class in a shapefile TP_clip.shp (in the folder you are working in, e.g. c:\rain). Click
OK.

-

* Clip = | B |
Input Features i Clip i
|ThiessenPon ﬂ E
Clip Features :Ehmralptsfintput features that overlay

e clip features.

|rc-:-ut ﬂ P

D“m“_t':eamr_e i - Use this tool to cut out a piece of one
C:Yain\TP_dip.shp feature class using one or more of the
XY Tolerance (optional) features in another feature class as a

[Meters v] “cookie cutter”. This is particularly
useful for creating a new feature
_ | class—also referred to as study area  _

e e —Eloa_ o _a FASNIY aloa

[ oK ] [ Cancel l [Erwironments... l [ <« Hide Help ] [ Tool Help ]

The result is a shapefile of Thiessen polygons clipped to the watershed boundary.

Next we need the area of each of these polygons to do the area weighted averaging. Open
ArcGIS help and type “Calculating area” in the search entry. Select the “Calculating area,

length, and other geometric properties” topic and read how to calculate geometry (area) for a
Feature class.
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@ 3 ~
[ ArcGIS 10 Help [E=gEE

oE Ed & A @

Hide Locate Back Home Options Resource Center

Corterts | Favortes  Search | Calculating area, length, and other geometric properties
Type a question, then click Ask.

ArcGls 10
|calculating area
Powerad by AnswerWorks® The Calculate Geometry tool allows you to access the geometry of the features in a layer. The tool can calculate
Qﬂ_ﬂﬁl coordinate values, lengths, and areas, depending on the geometry of the input layer. You can only calculate the area,
History length, or perimeter of features if the coordinate system being used is projected. Keep in mind that different
projections have different spatial properties and distortions. If the coordinate system of the data source and data
100 topics found frame are not the same, you may get a different result if yvou calculate geometry using the data frame's coordinate

=system than when you calculate using the data source's coordinate system. It is recommended that an equal-area
projection be used when calculating areas.

[ [c
Calculating COGO area

You can use the Calculate Geometry dialog box to update the area, length, or perimeter of shapefile features, since
About calculating COGO

these properties are not automatically updated when you edit features in shapefiles.

area . . . .
. You can only calculate z-coordinate values or 3D measurements if the feature is z aware. Z-coordinate values and 3D

Calculate Areas (Spatial . oo

= 1 measurements can be calculated regardless of the chosen coordinate system. The units listed for z and 3D
Statistics) ; X . . .
o i calculations are planar (miles, meters, and =0 on) as long as a vertical coordinate system has been defined for the
We—mﬂ—ﬂ‘.ﬂ}“ 1 layer. If the data does not have a vertical coordinate system defined, the units are listed as unknown. For more

SLASamElC AraRerls: information on z-values and feature geometry types, see Feature class basics.
001081 : Failed to calculate

n Steps:

for the area of interest.

1. Start dit session.
Calculate Field examples n =tartan ediLsession

You can make calculations without being in an editing session; however, in that case, there is no way to

m

Calculate Field examples ] undo the results.
SB'T' !e 3 Iicati.uns for solar 1] 2. Right-click the layer and click Open Attribute Table.
Iy - .
1= You can only perform geometric calculations on attribute tables.
= 3. Right-click the field heading for which you want to make a calculation and click Calculate Geometry.
Optionally, you can press CTRL+SHIFT+G to open the Caleulate Geometry dialog box. | 4
4, Click the geometric property you want to calculate.
Different properties are available depending on the type of layer you're using.
5. Click to use either the coordinate system of the data source or the coordinate system of the data frame.
6. Click the units of the ocutput calculations.
ﬁ; Tip: If you are calculating into a text field, you can choose to add a units
abbreviation to the calculation. For instance, 47.5673 sg m is an
example of the output of area calculated into a text field with the units
abbreviation.
7. Optionally, if you have selected records in the table, choose whether to apply the calculations to all
records or just the selected ones.
8. Click ok.
L e

Right click on the TP_Clip table of contents entry and open attribute table

| &M | = 885 Features
O Copy r
= [ Thiess
[
M roout
]

X Remaove

Click on the Table Options button (top left) and select Add Field.

Table

EN=RLES

Find & Replace...

Select By Attributes...

Switch Selection
Select All

B @ O =B

| Add Field...
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Specify the Name as Area and Type as Double. Click OK.

r ™
Add Field R

MName: Area
Type: Double -
Field Properties
Precision 0
Scale 0

| ok || cance |

e

Note that a field named Area that is filled with 0 has been added to the attribute table. Right
click on the header of the new Area field and select Calculate Geometry.

Area | [T v, AT
Sort Ascending

Sort Descending

Advanced Sorting...

Surmmarize...

Statistics...

Field Calculator...

I Calculate Geometry...

Turn Field Off

Click Yes to the warning about not being able to undo the calculations, verify that the settings for
calculating area are what you want and click OK
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e

Calculate Geometry

Property: Area

Coordinate System

@) Use coordinate system of the data source:

PC5: MAD 1927 UTM Zone 11N

(71 Use coordinate system of the data frame:
PCS: MAD 1927 UTM Zone 11N

Lnits: [Square Meters [sq m]

Calculate selected records only

Note that Area values have now been computed.

Shapefiles are actually comprised of multiple files, one of which is a *.dbf file that contains the
attribute table. This is a format that Excel can read. Locate the file TP_clip.dbf in the folder
where you are working and open it using Excel. Use Excel to calculate the area weighted
average of annual total precipitation.

3. To hand in. A layout showing the Thiessen polygons. Report the station identifier of the
precipitation gage that is associated with the largest Thiessen polygon. Report the Thiessen
polygon Basin average mean annual precipitation.

5. Estimate basin average mean annual precipitation using Spatial Interpolation/Surface

fitting.

The Thiessen polygons method is probably the simplest and least sophisticated form of rainfall
averaging. ArcGIS provides other spatial interpolation capabilities in the Spatial Analyst Tools
- Interpolation toolbox.
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% Conditional
% Density
% Diskance

% Extraction
% Genetalization
% Groundwater
% Hydrology
% Inkerpolation

A 10w

}" Kriging

#* Matural Meighbor

#* spline

2 spline with Barriers
}" Topo ko Rasker

}" Topo bo Rasker by File

- & Spatial Analyst Tools
¥
¥
¥
¥
¥
¥
¥

We will not, in this exercise, concern ourselves too much with the theory behind each of these
methods. You should however be aware that there is a lot of statistical theory on the subject of
interpolation, which is an active area of research. This theory should be considered before
practical use of these methods.

For this exercise I suggest you just try a few of the methods, examining the surface that results to
see if you like them. Some options do not work due to insufficient data to estimate the necessary
variogram (a statistical function quantifying the spatial dependence used as a basis for kriging
interpolation) and some options result in negative precipitation. Use the input points from
"reyprecip" and Z value field as "anntot". You should also use the Environments Settings for the
Tool chosen to control the extent (Processing Extent) and mask (in Raster Analysis) the output to
the watershed boundary (rcout).

Following is how I set up a Universal Kriging interpolation.

; N
£, Kriging - - | (] e
Input point features I Kriging
-
[ reyprecip KN =
7 value field . Interpolates a raster surface from
anntot - points using kriging.
Output surface raster
" " -
CtYyainVeriging
Kriging method: *) ordinary @) Universal
Semivariogram mode: lLinear with Linear drift ']
\Advanced Parameters...
Output cell size (optional)
]
Search radius {optional)
Search Radius Settings
Number of paints: 12
Madmum distance:
Output variance of prediction raster {optional)
; .
{ OK I I Cancel J lEn\dlronmems‘ " l I << Hide Help I { Tool Help
—
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I used the following Environment Settings.

F Y

¥ Workspace . -

Mask

¥ Dutput Coordinates
2 i Identifies those cells within the
W analysis extent that will be considered
'l @ when performing an operation or a
function. Setting an analysis mask
Top means that processing will only occur
4796835.000000 on selected cells and that all other
Left Right cells will be assigned values of
510165.000000 527205.000000 nodata. To remove a mask that has

Bottom been set, clear the text from the Mask
4765995,000000 input box. i

’Same as layer reydem

Snap Raster
reydem ;I @ f

¥ XY Resolution and Tolerance

L

M Values

4

Z Values

L4

Geodatabase

m

Geodatabase Advanced

<%

¥ Fields

¥ Random Numbers
¥ Cartography

¥ Coverage

X Raster Analysis
Cell Size

[Malcimum of Inputs 'l

Mask N

I rcout LI @

¥ Raster Storage N

¥ Geostatistical Analysis L

¥ Terrain Dataset

L e

[ ok || cancel || <<tidetep | | Toolhep | |

These resulted in a raster grid being evaluated within the boundaries of the Reynolds Creek
Outline giving a precipitation surface interpolated by Universal Kriging.

30



G,
| TRV

Other methods may be similarly configured.

Right click on the interpolated layer created and select Properties.
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= B Chraint

R criging,

Joins and Relates

Zoom To Layer

Zoom To Raster Resolution

Visible Scale Range

Data

Edit Features

Save As Layer File...

Create Layer Package...

mid 3
243 x
[]353
[]462
571
M 681
[ 740
[] 895
11,0 o
= [ reyde
Ve
. Hig
Loy
Ll Chrai e
=] frain
& reypr H

Properties...

Then select the Source tab and scroll down to where statistics are reported and read off the Mean
Interpolated precipitation value

F

Layer Properties

General | Source | Edent | Display | Symbology |

. e I

[ 2 eS|

Property Value ~
Datum D_Morth_American_1927
=l Statistics
= kriging
Build Parameters skipped columns: 1, rows: 1, ignored value(s):
Min 134.6075202392578
Max 1118,579223632813
Mean 514.0820261476633 :
Std dev. 195.0268135205681 H
Classes ] -
Data Source
Data Type: File System Raster -
Folder: Cirainy,
Raster: kriging

Set Data Source...

OK

J [ concel |

oD

phy

F_____— aaaaaa e
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4. To hand in. A layout showing the interpolated mean annual precipitation surface over
Reynolds Creek. Report what method you used. Report the basin average mean annual
precipitation from the "anntot" attribute, as well as minimum, maximum and standard deviation
for this within the basin area (i.e. the analysis mask must have been set using rcout.shp).

6. Estimation of area average mean annual precipitation by the Hypsometric method using
a precipitation versus elevation relationship.

The elevation values associated with each precipitation gage may be determined automatically
using the Spatial Analyst/Zonal/Zonal Statistics as Table function

=&y Zonal

....."‘:% Tabulate Area

.. #, Zonal Fill

-----"‘:% Zonal Geometry

..---"‘:Q’ Zonal Geometry as Table
....."‘:% Zonal Histogram

....."‘:% Zonal Statistics

WA 7onal Statistics as Table

Set the Input raster or feature zone data to "reyprecip" (this is the dataset defining the locations
for which statistics are to be evaluated), the zone field as "staid" (a unique field in reyprecip to
join the table produced to reyprecip). Set the input value raster to "reydem". This is the raster
whose values will be used in calculating statistics at the points (zones in general) specified by the
zone data. Choose an output table name that you like (or stick with the default). By naming the
Output table *.dbf the result is in DBF format that is Excel Readable. Click OK.

F g S |
‘{Q Zonal Statistics as Table l - i = L=

Input raster or feature zone data Qutput table

-
reyprecip j
Zone field
staid
Input value raster

Output table that will contain the
summary of the values in each zone.

| reydem
Output table
C:Vrain\zstat.dbf

lgnore NoData in calculations {optional)

Statistics type (optional)
ALL -

[ oK ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help ]

L — — -

Upon completion a table "zstat" should be added to your map table of contents. You can right
click on it and open it to see the zonal statistics calculated (minimum, maximum, mean, range
etc.). These relate to the elevation values at the points in reyprecip.shp. Because reyprecip.shp
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is a point shape file the minimum, mean, etc are all the same. Had reyprecip.shp been a polygon
or line shape file these would have been statistics over the space covered by the polygons or
lines.

Close the zstat table and open the attribute table associated with "reyprecip". From table options
select Joins and Relates/Join.

Table
H Find & Replace...
By Select By Attributes... lat anntot | jan
43.206918 55862 | 8358
43287189 35982 | 4827
Y Switch Selection 43284514 | 54635 | 69.02
h'i Select All 43 27555 407.04 | 6524
43.260925 s04.02 835
Add Field... 43247226 | 22371 2164
Turn All Fields On 43228522 | 507.89 | 57.88

43228723 23861 | 2415
43.205204 28014 | 317

« | Show Field Aliases

Arrange Tables » || 43.185804 268.25 | 2845
43.181707 4589 | 6031
Restore Default Column Widths 43 188072 208 35 2878
Restore Default Field Order 43.152965 |  716.42 | 107.44
FENVETD) inoz| coo
| Joins and Relates 3 || Join...
Related Tahlez - = S P .

At the Join Data box set the inputs as follows and click OK. Click Yes (or No — it does not
matter) to the Create Index box.

il ™
Join Data @Iﬂ

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

What do you want ta join to this layer?

[Join attributes from a table -

1. Chgose the field in this layer that the join will be based on:
6 -

Z.W table to join to this layer, or load the table from disk:

B zsta j @

Show the attribute tables of layers in this list

3. d the field in the table to base the join on:
‘ b -

Join Options
@ Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

() Keep only matching records
If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.
W
Validate Join
About Joining Data [ 0K ] [ Cancel ]
LS T 4
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This joins together the two tables using the "staid" field to match records. The result is an
extended reyprecip attribute table that also includes the join results on the right.

From table options select Export.

Table

-] - B

H Find & Replace...
B Select By Attributes...

B Switch Selection
[§] SelectAll
Add Field...
Turn All Fields On
Show Field Aliases
Arrange Tables 3
Restore Default Column Widths
Restore Default Field Crder

Joins and Relates 3

Related Tables »

E

Create Graph...
Add Table to Layout

Reload Cache

Print...

i 2

Reports 3
| Export... |

Specify an Output table name (e.g. rainelev.dbf) being sure to set "Save as type" as dBASE
Table.

r 2 - B
Export Data m Saving Data ﬁ
Look in: &7 - Rai £ ]
Export: | All records Homne - Rain '] @ @ 5 | B B
_ [Hzstat.dof
Use the same coordinate system as:
this layer's source data
the data frame
the feature dataset you export the data into
(only applies if you export to a feature dataset in a geodatabase)
Output table:
Chain‘rainelev.dbf
Name: rainelev.db
|,
Save as type! dBA.SETabIe/ v] [ Cancel ]
[ Ok ] [ Cancel i
L - — — — = |
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There is no need to add the new table to the current map. Open the rainelev.dbf table using
Excel. Develop a relationship between total precipitation (i.e. anntot in column D) and one of
the fields representing elevation (e.g. Mean in column Y)

1200.0

1000.0 y =0.7721x - 695.88

Aod

A R = 0.8031 . /
% 800.0 % -~y
S
® 6000 -
) *
s N . *
§ 400.0 / 3
o P * *

200.0 *

0.0 T T T T T T

1000.0 1200.0 1400.0 1600.0 1800.0 2000.0 2200.0 2400.0

Elevation (m)

This represents a relationship that gives precipitation as a function of elevation. Now use
Spatial Analyst Tools/Map Algebra/Raster Calculator to compute a raster of precipitation
based upon elevation data and this relationship, e.g. ([Reydem] * 0.772 - 696)

- Spatial Analyst Tools
+- & Conditional

+- 8 Density

+- & Distance

+- & Extraction

-8y Generalization
+%3 Groundwater
+& Hydrology

+- & Interpolation
+&3 Local

_&1 Map Algebra
Pl w, Raster Calculator

Set the inputs as follows



-
"\ Raster Calculator l . ; o | S|
Map Algebra expression “ | Map Algebra expression -
Layers and variables Conditional & The Map Algebra expression you want
S e ]e] [Wie)i=)e)) e S e
<>reydem / Pick
BB Bm The expression is composed by
specifying the inputs, values, E
operators, and tools to use. You can
type in the expression directly or use
I the buttons and controls to help you
create it.
reydem” 0,772 - 636 o The Layers and variables list
identifies the datasets available
S to use in the Map Algebra
- - = expression.
C:yain'elevpredp - + The buttons are used to enter -
[ oK ] [ Cancel ] [Environments... ] [ << Hide Help ] [ Tool Help ]
e = = -

Do not click OK, just yet. First click Environments and expand Raster Analysis and set Mask
to rcout. This controls the results calculated to be within the rcout polygon that represents the
watershed.

r — _ _ -
& Environment Settings Iﬁ

- *~

Environment Settings

¥ Geodatabase Advanced

¥ Fields Environment settings specified in this
dialog box are values that will be
applied to appropriate results from

¥ Cartography running tools. They can be set
hierarchically, meaning that they can

¥ Coverage L
be set for the application you are L
working in, so they apply to all tools; |~
- for a model, so they apply to all

[Ma)cimum of Inputs v] processes within the model; or for a
particular process within a model.

Envirenments set for a process within

Mask a model will overrride all other setting,
| rcout | and environments set for all
processes in a model will override

¥ Raster Storage those set in the application.

¥ Random Numbers

m

¥ Geostatistical Analysis . . .
Changing the default settings that will

¥ Terrain Dataset be used is a prerequisite to performing
-~ | geoprocessing tasks. You may only  ~

¥ TIN

[ OK ] [ Cancel ] [ << Hide Help ] [ Tool Help ]

Click OK to this box and again to the Raster Calculator box. The results is a raster that is a
rescaling of the individual raster cell elevation values to their corresponding precipitation
estimated based on the elevation relationship,

Right click on the new "elevprecip" raster and select Properties/Source. Scroll down to
Statistics to examine the mean of the result. This represents the mean annual precipitation
estimated using the hypsometric method.

5. To hand in. A layout showing the mean annual precipitation surface over Reynolds Creek
estimated from elevation. Report the basin average annual total precipitation, as well as
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minimum, maximum and standard deviation for this within the basin area (i.e. the analysis mask
must have been set using rcout.shp). Report your precipitation vs elevation relationship.

Summary of GIS work to be turned in

1. To hand in. Report the Station Identifier (staid), elevation and mean annual precipitation at
the most northern and most southern rain gages in this dataset.

2. A layout showing the watershed boundary and topography of Reynolds Creek and its location
in the Western U.S.

3. A layout showing the Thiessen polygons. Report the station identifier of the precipitation
gage that is associated with the largest Thiessen polygon. Report the Thiessen polygon Basin
average mean annual precipitation.

4. A layout showing the interpolated mean annual precipitation surface over Reynolds

Creek. Report what method you used. Report the basin average mean annual precipitation from
the "anntot" attribute, as well as minimum, maximum and standard deviation for this within the
basin area (i.e. the analysis mask must have been set using rcout.shp).

5. A layout showing the mean annual precipitation surface over Reynolds Creek estimated from
elevation. Report the basin average annual total precipitation, as well as minimum, maximum
and standard deviation for this within the basin area (i.e. the analysis mask must have been set
using rcout.shp). Report your precipitation vs elevation relationship.
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