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Logistics

® Daily schedule
® Workshop begins at 8:30 am
® Morning break 10:30 am (15 min)
® [ unch 12 pm (1 hour)
® Afternoon break at 3 pm (15 min)
B Daily wrap-up at 5 pm
B Shuttle departs at 5:30 pm
Restrooms
Refreshments
Security

Emergency evacuation procedure (fire, tornado)
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Objectives

® Understanding the SRTM data products

B How to acquire SRTM DEM data sets

® Acquiring SRTM Level 2 derivative products
® How to acquire remotely sensed data

B QOverview of applying raster data sets

B Qverview of managing spatial data

® Accessing and implementing GeoSUR's
geoprocessing web services

Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
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SRTM Mission
Shuttle Radar Topography Mission (SRTM)

B Mission history
" Data post processing
B Data quality assessment

Information presented by Dean Gesch of the U.S.
Geological Survey (USGS).
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SRTM Data Characteristics

SRTM data characteristics to consider prior to
including the DEM in data analysis.

® Data voids

B Phase noise

B Canopy bias

B Horizontal resolution
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Data Voids

Shaded Relief of DTED 1 SRTM with gaps (Voids)
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Phase Noise

An example of phase noise from two different surface
types. - A is from a rock outcropping, and B is bare soil
with sparse vegetation




Canopy Bias

SRTM 30m | gt i
Shaced Relief {57

Shaded Relief / Landsat
Image mosaic illustrating
canopy bias along the
borders of a protected
forest in Ghana, West
Africa.



Canopy Bias

SRTM Surffme False Channel

Elevation Postings

Bare Earth Surface

Graphic Source: Valeriano, 2005

Example of potential false channel extraction using SRTM data.
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Horizontal Resolution

® QOriginal data collection was near 30 m.

B |ncreased usability and smoothing algorithm was

applied reducing resolution to 45 and 60 meters
(Farr, 2000).

B Other studies show the resolution may be
between 30 and 48 meters (Pierce, 2000).
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Slope

B Overestimates in areas of steep topography

B Overestimates in areas of little relief (Guth, 2006;
Jarvis, 2004; Farr, 20006)

B There is a combined influence of the smoothing
algorithm and the phase noise error (Farr, 20006)

2 USGS
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Overall SRTM Data Quality

The SRTM is an unprecedented collection
of the world's topography and currently
there is no global dataset that can match
its versatility and quality (Guth, 2006).
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SRTM Void Fill Processing
® Needs MORE

2 USGS
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Feathering Method

0 S SRTM with void

_Fill surface that undulates
[ compared to SRTM

This difference can be

hundreds of meters and will
~ vary widely around the void
N\ area.

(Grohman, 2006)

The feather method uses a fill source pixel at the same
geographic area without adjusting for the difference in elevation
(delta) and then “feathers™ the edges between the different data
sources to mitigate the difference in elevation.

2 USGS
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Delta Surface Fill

(Grohman, 2006)

2 USGS

Original SRTM Surface

Densified DTED&1 ““rotated”™

into void area £ X
PO

~~—— SRTM with void T

riginal DTED®1
Surface Densified
Fill surface that undulates

N~ compared to SRTM

This difference can be
hundreds of meters and will
vary widely around the void
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SRTM Data Characteristics

Questions?

Next: GeoSUR SRTM Derivative Products

2 USGS
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GeoSUR SRTM Derivative Products

Initial Data offerings:

® SRTM Level 1 (3 arc-second, ~90 m) and Level 2 (1
arc-second, ~30 m) derivatives:
“®m Aspect
B Hillshade
B Shaded Relief
® Slope
B Elevation Data
® SRTM Level 1 (90 m, 3 arc-second)
® HydroSHEDs conditioned DEM
® GTOPO30 (30 arc-second, ~1 km)

2 USGS
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Aspect

The aspect data set describes the direction of maximum rate of
change in the elevations between each cell and its eight
neighbors. It is measured in positive integer degrees from 0 to
360, measured clockwise from north. Aspects of cells of zero
slope (flat areas) are assigned values of -1 (ESRI, 2009a).
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Hillshade

The Hillshade dataset contains shaded relief surface. The integer
values enable the user to display a continuous surface of
elevation, as opposed to topography which is broken into
intervals (ESRI, 2009a).

The cell values represent 7
illumination, the values are from 0 3
to 255. Shaded relief surfaces dI3Ley,
are mainly used as background in __ 7
maps and to illustrate elevation
data.

-
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Slope

Slope identifies the maximum rate of change in value from each
cell to its neighbors. An output slope raster can be calculated as
percent'slope or degree of slope (ESRI, 2009a).

V.

ok

Degree of slape=8 Percent of slope = Tag + 100

Furn

Cegree of slope = 30

Percent of slope = 53




GeoSUR SRTM Derivative Products

Dynamic Products
B Slope (degree, percent)
B Hillshade — define parameters
B Shaded Relief — (define shade symbology)
® \/iewshed polygons
B Flevation profile model
B S|ope classification
® Dynamic watershed delineation
B Raindrop trace

NOTE: This dynamic processing environment is flexible and has
opportunities to be modified to meet the user community needs.

2 USGS
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Shaded Relief
Dynamic Shaded Relief

The cell values represent
a composite illumination
value from 0 to 255 and
elevation classification.
Color shaded relief
surfaces are mainly used
as background in
mapping and displaying
data.
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Viewshed Polygon Tool

® A Viewshed is an analysis that identifies all visible area
from a given location.

® Viewshed allows the input of several parameters better
isolate a visible area to meet user requirements.
B Parameters: Elevation Offsets, Azimuths, Vertical Angles, and Radii.

F_’rofile Transect

| e e
ERWlonOmset = 0

Veriiétiul{ﬁgle 2 =

Bogoia :

2200 - Noter Chart Not torseale: it
10000 20000 30000 40000 50000 60000
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Elevation Profile Tool

® This tool allows you to input a series of
transects and request elevation profiles
for each transect.

® The,resulting profile information is
returned in several formats:

® HTML format report
B Comma delimited text file (*.txt)
B Compressed archive file

® Chart graphic (*.png)

® Comma delimited text file (*.txt)

® Transect line shapefile
B Transect vertice shapefile

al de América. del Sur
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Elevation Profile Tool

l:,.l

Red Gebespacial de América del Sur

Trans., 4

40000
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Elevation Profile Tool

Profile comma delimited text file output:

!l. profile_example.txt - Motepad

File Edit Format View

=T
=

hoon s Ll a2

I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Elevation Profile Tool

Profile compressed archive file contents:

>

@WinZip - elevation_profile.zip

16 &AM

ocument

Total 16 F
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Slope Classification Tool

® Dynamic tool that allows you to define a slope classification
scheme and submit the scheme to a selected elevation data

source.

® This.tool is a basic GIS model implemented to serve as a
springboard for the discussion of online geoprocessing
services.

28




Slope Classification Tool

Slope Classification example product.

Legend
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Dynamic Hillshade Tool

This dynamic tool provides the similar results as the prepocessed
hillshade product, but it allows you to input desired illumination
parameters.

lllumination Parameters:

Azimuth — Angle of the light
source (0 to 360).

Altitude — Angle of the light
source above the horizon (0
to 90).

Z factor (scaling) — number

of ground X,y units in one
surface z unit.

2 USGS
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GeoSUR Data Services

SRTM 1 arc-second (30 m) Hillshade
SRTM 1 arc-second Aspect
SRTM 1 arc-second Slope
ASTER 1 arc-second G-DEM (tentative)
HydroSHEDs
® \/oid filled 3 arc-second (90 m) DEM
® Hydrologically conditioned 3 arc-second (90 m) DEM
® Flow direction (3 arc-second)
® USGS original GTOPO
B USGS / NGA enhanced GTOPO products
® 30 arc-second ( 1 km) break-line DEM (tentative)
® 15 arc-second ( 500 m) break-line DEM (tentative)
m_ 7.5 arc-second (250 m) break-line DEM (tentative)

2 USGS
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GeoSUR Geoprocessing (GP) Services

® DEM Derivatives Toolbox
B Elevation Profile
B Slope Classification
B Aspect
B Color Shaded Relief
B Hillshade
B Slope
B GTOPO30 Sample Hydro-modelling toolbox (30 arc-
second)
® \iewshed Analysis
® Watershed delineation
B Raindrop [race

a2 USGS 2



GeoSUR SRTM Derivative Products

Questions?

Next: USGS/NGA new GTOPO products

2 USGS
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USGS/NGA Enhanced GTOPO Products

Presented by Jeffrey J. Danielson of the USGS.

a2 USGS y
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Objectives — Day 2

B | earn how to access and acquire remote sensing
data via the Internet using resources made
available by the USGS and other ...

B Gain a comprehensive understanding of working
in ESRI's ArcGIS environment.

B Understand the concept of web services and
where and how to use them.

2 USGS .



Accessing Satellite Imagery

B | andsat — Free!

B | andsat presentation by Eugene Fosnight for the
USGS.

® TerraLook — Free!
® TerraLook presentation by Claudia Young (SGT).

B TerraLook presentation by Eugene Fosnight for the
USGS.

a2 USGS .



USGS Global Visualization Viewer

Overview of acquiring satellite imagery using USGS
Global Visualization Viewer (GloVis) (glovis.usgs.gov)

38



GloVis Download Exercise

B GloVis Exercise:

® Download one
complete Landsat
scene of your
choosing.
Remember to
download all bands.

Instructor lead

2 USGS .



USGS Earth Explorer

{:‘ EarthExplorer - Windows Internet Explorer

B Before acquiring data
from GloVis, you must T R
register with USGS's i A R s
EarthExplorer.

B To register, open a web —

User Name: I el i - email add

browser and go to http /] password: ncommt ued Fepopess st e
Confirm '—

earthexplorer.usgs.gov ol e— oy

Questio Answer:

to begin the registration e
process.

2 USGS "



Acquiring Elevation Datasets
B USGS Seamless Data Distribution System (SDDS)
B http://seamless.usgs.gov

= Gobal Data available

= SRTM 3 arc-second DEM
and Hillshade

Note: For help on using SDDS, visit
the Seamless online tutorial site at
http://seamless.usgs.gov/tutorial.php

2 USGS "



http://seamless.usgs.gov/
file:///F:/geosur_workshop/

Global Land Cover Facility (GLCF)

Data offered by the GLCF (http://glcf.umiacs.umd.edu)
B  [andsat Imagery (ETM+, TM, and MSS)
ASTER (very limited for South America)

"SRTM 3 arc-second (same product as USGS Seamless)
SRTM 30 arc-second (1 km)
MODIS Products
AVHRR Products

a2 USGS .
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Accessing Spatial Data Online

Questions?

Next: Web Services

2 USGS
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Web Services

What are Web Services?

® There are many things that might be called "Web services" in the world at
large. However, for the purpose of this Working Group and this
architecture, and without prejudice toward other definitions, we will use the
following definition:

® “A Web service is a software system designed to support
interoperable machine-to-machine interaction over a network. It has
an interface described in a machine-processable format (specifically
WSDL). Other systems interact with the Web service in a manner
prescribed by its description using SOAP-messages, typically conveyed
using HT TP with an XML serialization in conjunction with other Web-
related standards” - W3C, 20009.

2 USGS y



Web Services

B Web services In respect to the geospatial
environment

B There several ways to build geospatial Web services that can either proprietary or
open source. The Open Geospatial Consortium (OGC) is the governing body of the
dominate open source standards. ESRI and Google are the dominate players in the
proprietary geospatial Web services. Even though ESRI and Google have

proprietary Web services, they are also members of OGC and contribute to the
open source development.

B Types of Web services
B Open Source OGC services
® Web Map Service (WMS)
® \Web Features Service (WFS)
® \Web Coverage Service (WCS)
® Web Processing Service (WPS)

B For an in-depth look at each of the services, visit OGC standards Web site at http://
www.opengeospatial.org/standards
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Web Services
Types of Web Services

® ESRI Web Services currently applied by GeoSUR (Currently)

B Geoprocessing - “ArcGIS Server is a comprehensive, Web-based GIS that provides
a range of out-of-the-box applications and services for mapping, analysis, data collection,
editing, and management of spatial information. A geoprocessing service contains
geoprocessing tasks accessible by clients. Tasks are created by publishing geoprocessing
toolboxes or map documents containing tool layers. When you execute a task in a
geoprocessing service, it executes on the server computer, using resources of the server
computer.” (ESRI, 2009f)

u Image Service - “An image service provides access to raster data through a Web
service. The source of the raster data can be a raster dataset (from a geodatabase or file
on disk), a layer file referencing a raster dataset, or a compiled image service definition
(containing one or more raster datasets and defined processes) created using ArcGIS
Image Server. Once you publish this raster data to your server, you can use the resulting
image service in ArcGIS Desktop the same way you would add any other GIS service
layer.” (ESRI, 2009g)

B Map Service - “A map service is the most common ArcGIS service and can contain
many capabilities and functions. Map services certainly support mapping and map viewing,

but can also support modeling and geoprocessing, mobile GIS services, and open
publishing as OGC WMS, OGC WCS, and KML.” (ESRI, 2009h)

a2 USGS "



Web Service Examples
Google Earth and Google Maps (Map)

These applications are used to view the map services.

47
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file:///F:/geosur_workshop/
file:///F:/geosur_workshop/

Web Service Examples

ESRI Services

® ArcGIS Explorer
= WMS
“® Image Services
® GeoRSS Feeds

B ArcCatalog
= \WMS
®\WCS
® [mage Service
B Map Service

a2 USGS i
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GeoSUR ArcGIS Server Architecture

B Web Clients

® Mobile devices, Web
Browser, and desktop
clients.

= Web Server

B GIS Server(s)

B Administrative Client
B Desktop Clients

2 USGS

The ArcGIS Server System Architecture

————(ESRI, 2009b)
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GeoSUR ArcGIS Server Architecture

s

| e—
Seratch
Waorkspace

Virtual Geoprocessing
Qutput Service
Directory

regquest

FEEENEREEERERREREER

Reverse
proxy
Web server

Internet

?

Web ¥ ArcGIS Server
Server |4

-

Internet Client

= Process Flow
Web Server f ArcGIS Server

Demilitarized

> (DMZ) Secure internal network

W—
IEEEREREEE
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The ArcGIS Ecosystem

ArcGIS
® ArcGIS Explorer (Free)
" ArcGIS Desktop
® ArcGIS Server
® ArcGIS Engine (Developers)

2 USGS
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ArcGIS Desktop

ArcGIS Desktop three core components

® ArcCatalog
= ArcMap _ ]
= ArcToolbox e

File [l Yew Dockmaks Jost Selaton Tool Wnios Heb

= ModelBuilder = | Roglosmsismx

4
=9
4
4
4
4
D
=9
9
4
9
4
9
=3

2 USGS
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ArcGIS Licensing

ArcGIS Desktop

ArcGIS Desktop has 3 licensing
levels. The higher the level the
greater the functionality. Parallel @& |
with functionality is cost. A

® ArcView $
® ArcEditor $$
® Arcinfo $$%

(ESRI, 2009c)
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ArcGIS Desktop
ArcCatalog

® ArcCatalog's main purpose is to assist you in managing
geospatial data. The user interface is based on the
common file tree structure, but provides access to all
spatial properties of a given element.

® Common tasks utilized:
B Create spatial data (Shapefile, Geodatabase, Raster, etc...)

B |nitialize geoprocessing analysis on spatial data (ArcToolbox)
B Examples Include: Projecting data, buffering, zonal statistics, etc.

B Access or interface with enterprise level spatial data such as
ArcSDE and GIS Services.

2 USGS y



ArcToolbox

ArcToolbox is where you have access to all the core
geoprocessing functions that are delivered with
ArcG]S Desktop.

Toolbox Browser Window Toolbox Results Log

ArcToolbox

o)




ModelBuilder

A model in respect to ArcGIS is a collection of
processing instruction and data elements organized
to execute In a defined sequence or workflow.

Data element /7 Output ™\
| drop ]

( | n p u t) raster

Wy Data element

= F

| prolkfdir | | proikacc
Processing —~———

S%{O P

ZUSGS g




ModelBuilder

Use the ModelBuilder tool to organize instructions.

“#spushRaster20pen Menu bar
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Extending Geoprocessing with Python

® ArcGIS allows you to extend the existing
Toolboxes by leveraging the power and flexibility
of t/he Python programming environment.

® You can write your own Python application using
existing ArcGIS geoprocessing objects as well as
Incorporating other powerful Python objects into
an application.

o

| —
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Python Develop Workflow

1) Steps in Python script development custom Python
and incorporation into the ArcGIS tool in models.
Desktop environment. ' o =" @

y_

e e

FEYYI[ YW LR EE TR

1Y f:ll ':' i {.ul & f:ll

Class

Use custom Python
tool directly ArcCata
SRR or ArcMap.
Develop Python _io
SCri pt- (G) CopN 1 Microsoft Corp.

Execute script 2b
from system
command line.

ZUSGS i




ArcMap

ArcMap can be used Iin several unique ways. An
obvious use of the application is the tool to
produce maps. Other applications are as
follows:

B Spatial analysis processing environment

B Development platform for creating GIS software
applications (i.e. ArcObjects).

B Create map to be published online via ArcGIS Server.

2 USGS .



Managing Raster Datasets

Basic questions to consider when defining a
spatial data management scheme.

® What type of raster data is being managed?
"® Continuous or thematic?
B Bit depth? (8, 16, 32, etc...)
B Total disk storage space required?
® What is its primary use?
® Archive or Active dataset?
B Does the data require secure access?

® What are the access requirements of the users?
B Local, LAN, remote access, and/or Internet access?

2 USGS
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Managing Raster Datasets

Storage options for raster datasets.

B Flat file

B File formats: GRID, Tiff, ERDAS IMG, JPG2000, etc
= Database storage

B Personal Geodatabase (Managed or unmanaged)

B File Geodatabase (Managed or unmanaged)

® ArcSDE Enterprise level
B Platforms: Oracle, SQL Server, PostgreSQL (open source)
® |nformix, and IBM DBZ2.

B Data access options

B Geodatabase access

B Direct Access

B \Web Services Client access

2 USGS
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The ArcGIS Ecosystem

Questions?

Next: Overview of ArcGIS Geodatabase

2 USGS
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Overview of the Geodatabase

® On a basic level a Geodatabase (GDB) is a
container for storing spatial data and
attributes.

B Data types that can be stored in a GDB
B \/ector data
B Raster
B Tables (non-spatial)

2 USGS
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Types of Geodatabases

® Personal Geodatabases:
® Have .mdb extension.
B Can be viewed by multiple users but edited by only one user at a time.
® Have a maximum size of 2 Gigabytes.
® Windows only.

® File Geodatabases (New in 9.2)
® Have .gdb extension
® Single users and small workgroups.
B Have a maximum size of 1TB per dataset
B Cross-platform

® Multi-user Geodatabases:
® Require ArcSDE and a DBMS ( Data Base Management Systems).
B Can be read and edited by multiple users at the same time.
B \ersioning.

2 USGS
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Geodatabase Elements

Table
A collection of rows, each containing the same
fields. Feature classes are tables with shape fields.

Feature class

A table with a shape field containing point, line,
or polygon geometries for geographic features.
Each row is a feature.

Raster dataset
Contains rasters which represent continuous
geographic phenomena.

(ESRI, 2009i)

2 USGS
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Geodatabase Elements

— Workspace
R, mdb

n L *\

-5 Chaninel Geodatabase
- HE]M Feature Dataset
-5 Hydrography

- Network Feature Class
o HudroE dge —

-27] Hydrodunction

; *ﬂ, Metwark_MNet

: ] Metwork_Met_Junctions

SchematicLink
~[57] SchematicMode

P TisssectonhasPont: | Relationship Class

CrossSectionPaint < Table
-y HydroJunctionH asw aterbody I

. . OBJECTID* CrozzSectionlD* Crozz5ectionM Elevation
ceenry Hpdrodunctionhas\w atershed 3931 | Colorada/Lbj Middle 05 3464 a0

: ) ) 2932 | Colorado/Lbj Middle 0 3482 200
Time5ernes 3933 | Colorado-/Lbj Middle 05 3495 2800
3934 | Colorado/Lbj Middle 0 3511 799

3335 | ColoradodLbj Middle 06 3527 33

Geometric
Network




Adding Toolboxes to Geodatabase

® Copying tools from ArcToolbox
® Creating models inside custom Toolboxes
® Adding custom scripts in Toolboxes

ey ey Fie el
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Geodatabase and Raster Datasets

Three methods to organize raster datasets in a
Geodatabase

® Raster Dataset
B Stored as a single multi band image

B Raster Catalog
B Collection of raster datasets

= Attributes of a feature
® |mage is stored in the feature table as an attribute

2 USGS
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Geodatabase Raster Datasets Comparison

Raster dataset Raster catalog

Description A single picture of an object A collection of raster
or a seamless 1image covering datasets displayed as a
a spatially continuous area. single layer. They can be
This may be a single original in different coordinate
image or the result of many systems and can have
1mages appended different data types.
(mosaicked) together.

Raster dataset Raster catalog

Chart Source: ESRI
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Geodatabase Raster Datasets Comparison

Homogeneous or
V.

heterogeneous data

Raster dataset

Homogeneous data: a single

format, data type, and file.

Raster catalog

Heterogeneous data:
multiple formats, data
types, file sizes, and

coordinate systems.

Metadata

Chart Source: ESRI

2 USGS

Stored once and applies to
complete dataset.

Raster dataset

Stored as attribute
columns for each raster
dataset item 1n the raster

catalog.

Raster catalog
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Geodatabase Raster Datasets Comparison

Raster dataset Raster catalog

Pros Fast to display at any scale. Can manage multi-row
- Mosaic saves space, since raster tables for many
there is no overlapping data. purposes. Can specify
Displays with better blending one or more raster
at mosaicked image seams. datasets for display.

Raster dataset Raster catalog

Chart Source: ESRI

2 USGS e
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Overview of the Geodatabase

Questions?

Next: Exploring the concept of Geo-Browsing

2 USGS
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Geo-Browsing

Geo-browsing is an evolving concept. Its basic
premise is that a person can search or navigate
through the Internet in geographic space.




Geo-Browsing

Geo-Browsing products
® Google Maps and Google Earth
= ArcGIS Explorer from ESRI
® Microsoft's Virtual Earth
® NASA World Wind
® Yahoo Maps
® OpenlLayers (openlayers.org, mapfish.org)
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Geo-Browsing and GeoSUR

® How can Geo-Browsing affect GeoSUR
program?
® GeoSUR can use Geo-browsing technology as a tool to
gather information
B | everage the technology to share and distribute your

information!

® Publish the information in as many web mapping services as
resources allow.

® |f your product has value, build it and they will come.

H1N71 Map Example  Weather Map Example

a2 USGS 2
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Accessing GeoSUR Web Services

B Web Interface

= ArcGIS Explorer

® ArcGIS — ArcMap

® Google Earth

m Javascript APls (Google, ESRI, OpenLayer)

2 USGS
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Discovering Available Services

B ArcGIS Services Directory

Services Directory allows you to browse the contents of an ArcGIS
Server and obtain information that can be useful to you when
developing applications. Services Directory is a view of the ArcGIS
Server REST APl in HTML format. Each ArcGIS Server instance
has Services Directory installed during the installation process
(ESRI, 2009d).

B Services Directory assist with:

® Browsing the contents of the GIS server and get service level
metadata.

B Getting information to help you develop applications.

2 USGS :



1) Viewing options
2) Available Layers

3) Supported
development
interfaces

4) Supported operations

Supported Interfaces: EEST S0aP WMS

Supported Operations: E:port Mag  ldenti

2 USGS .



GeoSUR's Service Directory
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Geo-Browsing

Questions?

Next: Spatial Analyst Map Algebra

2 USGS
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Analyzing Spatial Data Exercises

® Map Algebra

B Topographic surface models
® Viewshed Analysis

® Viewshed ModelBuilder

® Vulnerability ModelBuilder

® Hydrological Derivatives

® Drainage Basin Delineation using
ModelBuilder

2 USGS
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Spatial Analyst Map Algebra
Map Algebra

A language that defines a syntax for combining map themes by
applying mathematical operations and analytical functions to create
new map themes. In a map algebra expression, the operators are a
combination of mathematical, logical, or Boolean operators (+, >,
AND, tan, and so on), and spatial analysis functions (slope, shortest
path, spline, and so on) and the operands are spatial data and
numbers (ESRI, 2009a).

Example:
output raster = con( [elevation] > 2000, 0, [elevation] )

2 USGS
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Spatial Analyst Map Algebra

Ex01

® Protected Area Vulnerability
Exercise

B Question: Recent activity in the region | = etne
covering Colombia and Ecuador's border [ i@ s asets
suggests an expansion of intensive
agriculture into the closed tropical
evergreen forest. Areas of highest
vulnerability are southern facing slopes &
with a slope of between 0 and 15 degrees
between the elevation of 1000 m and
2000 m. Your task is to identify these
vulnerable areas within the protected
areas of this region.

Instructor lead

2 USGS 56



Spatial Analyst Map Algebra

B Open ArcMap

B | oad the
...\exerciseO1\exercise01.mxd
project file

® Verify that the Spatial Analyst
extension is activated in ArcGIS.

® Verify that the Spatial Analyst
toolbar is visible in ArcMap.

Ex01

Spatial Analyst

Spatial analyst = | Laver: |Elevation

Instructor lead

a2 USGS .



Spatial Analyst Map Algebra

® Protected Area Vulnerability Exercise
® Project Setup

1. Set spatial analyst options
2. Working directory = ...\exercises\exercise01
3. Analysis Mask = NONE
4. Analysis extent = “Elevation”
5. Cell Size = “Elevation”

Ex01

Instructor lead

2 USGS .



Spatial Analyst Map Algebra

Ex01

B Protected Area Vulnerability Exercise
B Create elevation derivative - RECLASSIFY

1. Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
2. Select Elevation zone = [sel _elev] = setnull([elev_reclass] ne 4, 1)

Instructor lead

2 USGS .



Slope

Slope identifies the maximum rate of change in value from &’
each cell to its neighbors. An output slope raster can be
calculated as percent slope or degree of slope (ESRI,

2009a).

V.

Degree of slape =8 Percent of slope = W + 100

Fise
— =lang
FUn Harn

Furn

Cegree of slope = 30

Percent of slope = 58




Spatial Analyst Map Algebra

Ex01

® Protected Area Vulnerability Exercise

B Create elevation derivative - SLOPE

1. Create Slope = scaler factor 0.000016 (four zeros)
2. Select Slope Zone = [sel slope] = setnull([slope] gt 15, 1)

Instructor lead
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Aspect

Ex01

The aspect data set describes the direction of maximum
rate of change in the elevations between each cell and its
eight neighbors. It is measured in positive integer degrees
from 0 to 360, measured clockwise from north. Aspects of

cells of zero slope (flat areas) are assigned values of -1
(ESRI, 2009a).

92



Spatial Analyst Map Algebra

B Protected Area Vulnerability Exercise

B Create elevation derivative - ASPECT

1. Create Aspect

2. Select Aspect Zone = [sel aspect] = setnull([aspect] It 112.5 or
[aspect] gt 247.5, 1)

Istrctor lead

P '
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Spatial Analyst Map Algebra

Ex01

® Protected Area Vulnerability Exercise

B Create Land-Cover derivative:

B Select land-cover Zone: [sel landcover] = setnull([Landcover] ne 10, 1)
Y

Instructor lead

b '
ZUSGS :
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Spatial Analyst Map Algebra

Ex01

® Protected Area Vulnerability Exercise

B Create Land-Cover derivative:

m Select land-cover Zone: [VulArea] = con([sel elev] eq 3 & [Protected] eq
¥'& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)

J _F"crpa'gun

Instructor lead
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Spatial Analyst Map Algebra

Ex01

Protected Area Vulnerability Exercise

7 il ‘Popayan/ "

Intructor lead

<USGS s



Spatial Analyst Map Algebra

Questions?

Next Exercise: Advanced Hillshade Toolbox

2 USGS
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Advanced Hillshade Toolbox

B Common Hillshade
B Swiss Hillshade Effect

® Multi-directional, oblique-weighted, shaded-
relief algorithm (MDOW)

2 USGS
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Advanced Hillshade Toolbox

Common Hillshade - The Hillshade dataset contains
shaded relief surface. The integer values enable the user
display a continuous surface of elevation, as opposed to
topography which is broken into intervals (ESRI, 2009a).




Advanced Hillshade Toolbox

Swiss Hillshade Effect — This method of hillshading uses a

layering-technique to emphasize major elevation features,

minimize minor features, and smooth out irregularities (Maples,
2007)..




Advanced Hillshade Toolbox

Multi-directional, oblique-weighted, shaded-relief

algorithm (MDOW) - This method produces a surface that

emphasizes oblique illumination on all surfaces, ... providing more
detail in areas of an image that would otherwise be illuminated by
direct light or left in darkness by a single source illumination.

i et | LGB A il 0
LA e E;;"r
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-
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Basic Hillshade Dataset

® Open ArcMap

® | oad-
...\exercise02\exercise02.
mxd.project file

Ex02

A s aneal - Arcilap - AecTolo

Instructor lead
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Basic Hillshade Dataset

Open ArcToolbox in ArcMap
Locate the Spatial Analyst Toolset

Open the Hillshade tool with the
Surface toolset.

Input Parameters:
Input Raster: ...\exercises\exercise02\data\elevation
Output raster: ...\exercises\exercise02\hillshade

Azimuth (Angle of the light source in degrees)

Altitude (Altitude of the light source on the horizon)
Z-factor (number of ground X, y units in one surface z unit)

Instructor lead
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Z-factor

B A conversion factor used to
adjust vertical and horizontal
measurements into the same
unit of measure. Specifically,
the number of vertical units (z-
units) in each horizontal unit
(ESRI, 2009¢)

B For a detailed explanation of the
Z-factor visit the ESRI's
Mapping Center Blog.

Ex02

Note: Z-factor Calculation
1 degree = 0.0174532925 radians
Z-factor = 1.0/ (113200 * cos(<input latitude in radians>))

% USGS 104


http://blogs.esri.com/Support/blogs/mappingcenter/archive/2007/06/12/setting-the-z-factor-parameter-correctly.aspx
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Swiss Hillshade Effect

B | oad Toolbox:
...\exercises\exercise02\Hillshade Tools 9.3
B Open Swiss Hillshade Model

- Ihput DEM: ...\exercises\exercise02\data\elevation
m Z-factor: 0.00000898

B Filtered Hillshade (output): ...\exercises\exercise02\fltrhishd
® Aerial Perspective (output): ...\exercises\exercise02\arlprsp
® Create Layer Group

B Set Filtered Hillshade transparency to 35%
® \erify Aerial Perspective transparency is at 0%

Ex02

Instructor lead
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MDOW Hillshade

B Open MDOW Hillshade Model

B |nput DEM.: ...\exercises\exercise02\data\elevation

m 7 factor: 0.00000898

B MDOW Hillshade (output): ...\exercises\exercise02\modw
B Qverlay elevation dataset with 30% transparency

Ex02

“e=MDOW Hillshade Model

Instructor lead
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Advanced Hillshade Toolbox

Questions?

Next Exercise: Viewshed Analysis

2 USGS
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Viewshed Analysis

A Viewshed analysis identifies the surface area
visible from a given location based on its elevation.

Ex03

F_’rofile Transect

T —

2200 - Note: Chart Not torseale: i
0 0000 20000 30000 E

Radius 2= 50 Kin

Instructor lead
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Viewshed Analysis

® Viewshed analysis task.

B |dentify potential sites for a relay transmission
tower between site A and B with a slope no
greater than 10 degrees.

i ,‘-.. i I.lf . ¥ r } A

Ex03

il =
--------------
& i

Instructor lead
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Viewshed Analysis

B Open ArcMap
" | oad the

...\qxerciseOB\exerciseOB.mxd
project file

® Verify that the Spatial Analyst
extension is activated in ArcGIS.

" Verify that the Spatial Analyst
toolbar is visible in ArcMap.

Instructor lead
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Viewshed Analysis

® Viewshed Analysis parameters:

® Input raster: Elevation (DEM)

" Input point or polyline observation features
B Observation feature parameters defined in attribute table

B Qutput raster dataset
m Z-factor

Ex03

Note: Z-factor will be 1 in this
exercise because the
elevation dataset is in an
equal-area projection.

Instructor lead

%USGS 111



Viewshed Analysis

B Viewshed observation feature input
parameters

B Site location SE (A):

“®m OFFSETA =300 m
® OFFSETB =30 m
= AZIMUTH1 = 285°
®AZIMUTH2 = 330°
® VERT1 =90°
" VERTZ2 = -90°
= RADIUS1 = 50 km (50 000 m)
= RADIUS2 = 150 km (150 000 m)

Instructor lead

2 USGS

315 45
270 W E|- 90
I". ..'I

- !_':"‘-.,__ —?_ _f..-"'- 135

RADIUS
(ESRI, 2009a)

Ex03
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Viewshed Analysis

B Viewshed observation feature input
parameters

B Site location NW (B):

“® OFFSETA =300 m
® OFFSETB =30 m

Ex03

VERTICAL ANGLE

= VERT1 = 90°
= VERT2 = -90°
= RADIUS1 = 50 km (50 000 m) i
Instructrggasius2 = 150 km (150 000 m) D

% USGS 113



Viewshed Analysis

1.Run Viewshed analysis on points A and B
independently.

2.Apply conditional statement to identify
intersecting locations.

3.From the intersection location, identify the
areas with less than 10 degree slope.

4.Clean-up results to only show potential tower
site locations.

5.Convert the raster output to a vector point
format.

Instructor lead

% USGS 114
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Viewshed Analysis

Questions?

Next Exercise: Viewshed ModelBuilder Exercise

a2 USGS s



Viewshed ModelBuilder Exercise

Ex04

B Open .../exercise04/exercise04.mxd project file.
® Open Toolbox in ArcMap.

B Expand the Viewshed tools toolset.

B Open the TowerSite model in edit mode.

Instructor lead

%USGS 116



Viewshed ModelBuilder Exercise

Add Viewshed tool (hint: drag and drop tool
from the toolbox).

Ex04

Model Edt Yiew Window Help

B &8 & wa £ 0 aolels

Instructor lead
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Viewshed ModelBuilder Exercise

Ex04

Add a second Viewshed tool.

Model Edt Yiew Window Help

Q| & &|m(@ & (o] @)=
.
=hy
@

-4
1€

Instructor lead

ZUSGS



Viewshed ModelBuilder Exercise

Add the Plus tool to identify potential tower locations.
The resulting raster with pixel values equal to 2 that
represents intersecting locations between both
Viewshed analyses.

Model Edt Yiew Window Help

2B &) &|na +| =0k ale

Instructor lead
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Viewshed ModelBuilder Exercise

Add the conditional (Con) tool to evaluate slope raster to
identify the pixels that satisfy the slope requirements
(degree slope < 10).

Model Edt Yiew ‘Window Help

al & x|wle| | 2] @l

Instructor lea'

4
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Viewshed ModelBuilder Exercise

Add another Plus tool to sum the results from the
Viewshed analyses and the slope conditional statement.

Ex04

Model Edt Yiew ‘Window Help

B & ¥|s@ #| 220 @

Instructor leap

4
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Viewshed ModelBuilder Exercise

Add the Set Null tool to remove the extraneous pixels not
meeting the analysis requirements

Model Edt Yiew ‘Window Help

B & ¥|s@ #| 220 @

Instructor leap

4
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Viewshed ModelBuilder Exercise

Add the Raster to Point tool to convert the
qualifying pixels to a point vector layer.

Ex04

Model Edt Yiew ‘Window Help

2B & || +| =p @ e

Instructor leap
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Viewshed ModelBuilder Exercise

Ex04

Save TowerSite model.

Model Edt Yiew ‘Window Help

2B & || +| =p @ e

Instructor leap

4
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Viewshed ModelBuilder Exercise

® Open the TowerSite model in the Run mode by double
clicking the model icon in toolbox or right click on the
icon and select the “Open’ option.

B Confirm that the input and output information is
accurate.

B Click the OK button to execute the model.

Instructor lead
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Viewshed ModelBuilder Exercise

Once the model has successfully executed, the
vector points layer will be added to the map
|dent|fy|ng the locations meeting requirements.

= wizprhiad_mibsmed - HI'\:H!D ARCINSE

“+=TowerSite

owersite Speiled Gk, T

= S impms

Computing ®

_

Rurining...

art Tim

tochwork

rt Time:

1R SRS 2 . 124 Heler

Instructor lead
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Viewshed ModelBuilder Exercise

Questions?

Next Exercise: Vulnerability ModelBuilder Exercise

a2 USGS 127



Vulnerability ModelBuilder Exercise

Ex05

® Protected Area Vulnerability
Exercise

B Question: Recent activity in the region
covéring Colombia and Ecuador's border
suggests an expansion of intensive
agriculture into the closed tropical
evergreen forest. The areas of highest
vulnerability are southern facing slopes
with a slope of between 0 and 10 degrees
between the elevation of 1000 m and 2000
m. Your task is to identify these vulnerable
areas within the protected areas of this
region.

A Tl e ;|
.-“...l,,.. b 5 o b -_._'\f:_
: LA ARIRRL R .,
T o Wi
Paviy i L
¥, v i it
% . 5

Instructor lead
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Vulnerability ModelBuilder Exercise

Ex05

® Open
...lexercise04/exerise04.mxd.

® Open Toolbox in ArcMap.

® Expand the Vulnerability
toolset. S5

B Open the VulnerabilityEx [§
model in edit mode. "

Instructor lead

i ™ 1= A 1 i CIEEEE A B A gy Tl A g
-
s USGS 129




Vulnerability ModelBuilder Exercise
Add ASPECT tool.

Instructor lead

ZUSGS Y




Vulnerability ModelBuilder Exercise
Add Slope tool. e

P
. 1 | S " .-':

Instructor lea-_d
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Vulnerability ModelBuilder Exercise

Ex05

Add the first of three conditional (Con) statement tool.
Set this Con tool to select the pixels that satisfy the
southern facing slopes (ASPECT) requirements
(Expression: Value > 112.5 and value < 247).

1 ]
k|
SO

7] ]

-l ]
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Vulnerability ModelBuilder Exercise

Ex05

Add a second Con statement tool. Set this Con tool to
select the pixels that satisfy the land cover requirement

(Expression: value = 10).

1 [=]
1 [=]
1 [=]

- USGS 133



Vulnerability ModelBuilder Exercise

Ex05

Add a third Con statement tool. Set this tool to select
the pixels that satisfies the slope requirement
(Expression: value < 10).

X
2=
Ll
sAL
2=
-1 =]
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Vulnerability ModelBuilder Exercise

Add a Plus tool that sums the results from the land cof?oesr

and slope conditional tools.

ZUSGS i



Vulnerability ModelBuilder Exercise

Ex05
Add a Plus tool to sum the results from the preceding

Plus and Aspect conditional results.

F
. 1 | R " .-':

Instructbr /ea-_ci_

ZUSGS 7




Vulnerability ModelBuilder Exercise

Ex05

Add the Reclass by ASCII File to classify the elevation
dataset into discrete classes.

£
- = A
"I" N

Instructbr .Iea“d_

ZUSGS 7




Vulnerability ModelBuilder Exercise

Ex05
Add a Plus tool to sum the results from the preceding

Plus tool and the elevation reclassification results.

% USGS 138



Vulnerability ModelBuilder Exercise

Ex05

Add a Plus tool to sum the results from the preceding
Plus and Protected Area raster dataset (Protected Area
pixel values equal 1).

-
¥ r T T
@ - =

Instructbr /eaa
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Vulnerability ModelBuilder Exercise

Ex05

Add a Set Null tool to remove all pixels not equal to 8.
The value 8 is the sum of the frue results of the
conditional statements, the elevation reclassification,
and protected area rasters that satisfy the requirements.

% USGS 140



Vulnerability ModelBuilder Exercise

Ex05

® Open the VulnerabilityEx model in the Run mode by
double clicking the model icon in toolbox or right
click on the icon and select the “Open” option.

B Confirm that the input and output information is
correct.

B Click the OK button to execute the model.

] |
] |

ﬂ
] |

Instructor lead
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Vulnerability ModelBuilder Exercise

Once the model has successfully executed, a raster layer
will be added to the map identifying the locations
meeting the vulnerability requirements.

“+=TowerSite

ope Inpuk

Lo [

VulnerabilityEx

Instructor lead
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Vulnerability ModelBuilder Exercise

Questions?

Next Exercise: Generating hydrological derivatives
from the SRTM Level-1 (90 m) Dataset

% USGS 143



Hydrological Derivative Development

B After completing this exercise, participants
should:

® Understand how hydrological derivative products can
be developed for GeoSUR project.

B Be familiar with ESRI’'s ArcGIS Toolsets and Models.

® Have a general understanding of simple hydrology
modeling.

% USGS 144



Hydrological Derivative Development

Task Flow Diagram

. Raster Layer Flow Direction
- Vector Layer l J
Flow Accumulation j Pour Points
‘ (seed points)
Steam Network
(Synthetic Streams)

ZUSGS



Hydrological Derivative Development

Ex06

Set Environment Variables
= Open ArcMap (New Project).
® Open ArcToolbox window.

= Opén Toolset Environment
Settings Dialog.

® Expand “General Settings”

m Set Current Workspace to
“...\exercise\workspace”.

® Set Scratch Workspace to
“...\exercises\scratch”.

l5_5\.allll_vll.atii_z'nzir».rn'.u:ll - ArcMap - ArcInfo

A
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Hydrological Derivative Development

Ex06

Set Environment Variables
= Defining Processing Mask.

" Collapse "General Settings’

= Expand “Raster Analysis Setting”
m Set Cell Size to Minimum of inputs

B Mask to “...\exerciseO6\data\
sample _dem’ raster.

. (13 7 .
¥ Geodatabase Settings
u ClICk OK

A Raster Analysis Settings

= add_data_sets.moad - ArcMap - Arcinfo

¥ General Settings
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Hydrological Derivative Development

Ex06

Fill Sinks

® | ocate Hydrology Toolset
(Spatial Analyst Tools > Hydrology > Fill)

B Open the Fill Tool (double click).

B Select “sample _dem” as input
surface raster

B Enter “sample_flI” as output
surface

B Click "OK"

% USGS 148



Hydrological Derivative Development

EX06

Calculate Flow Direction

B | ocate and open “Flow Direction” Tool
(Spatial Analyst Tools > Hydrology > Flow Direction)

B Select the "Sample flI” grid as the input
surface raster.

B Enter “sample fdir’ as output flow direction
raster.

B Allow the remaining options to default.
B Click "OK”

i 2=moarz
o]
e |
{1 B 2
1
|
-]
=
.

lls to flow outward {optional)
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Hydrological Derivative Development

Ex06

Calculate Flow Accumulation
B Open Flow Accumulation Tool

( Spatial Analyst Tools > Hydrology > Flow Accumulation )

B Select “sample fdir” as Input flow
direction raster.

B Enter “sample facc” as Output
accumulation raster.

B | eave “weight raster” blank.
B Click “OK”.

,,
|

W 1111
LEFDY HE®2

NOTE: For large data sets the flow
accumulation processing will take
considerable time to complete.
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Hydrological Derivative Development

Ex06

Create Drainage Network
® Using Map Algebra to create drainage network.

" Use “Set Null” tool to query a drainage network.

(ArcToolbox > Spatial Analyst > Conditional > Set Null)

This function extracts the cells with the highest accumulation flow value.
The drainage network detail is defined by a desired flow
accumulation threshold set by the null expression variable. This tool
selects all cells satisfying the expression, sets their value to
NODATA, then sets the remaining cells equal to the input false value.

The output raster dataset will be all the cell values NOT satisfied by the
expression. The density of the network is dependent on the value in
the expression.  The higher the value the less “streams” in the
network.

a2 USGS 5



Hydrological Derivative Development

Ex06

Create Drainage Network

B |n the tool, set “sample facc” as
Input conditional raster.

® Set “Input false” to 1.

B Enter “sample_net” as Output
raster.

B Enter “value < 5000” as the
expression.

® Click “OK”

walue < 5000
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Hydrological Derivative Development

Ex06

Enhancing drainage network information

® Once the initial network is generated attribute values
can be added.
m Classify Stream Order (SHRAHLER)
B Add Network Attributes (FromNode & ToNode)

B Enhancement Steps
B Stream Link Function
B Stream Order Function

B Convert Raster Streams to Vector and add networking
attributes.

a2 USGS 15



Hydrological Derivative Development

Ex06

Stream Link

B Open “Stream Link” tool
( ArcToolbox > Spatial Analyst > Hydrology > Stream Link )

= Set the Input stream raster to
“‘sample net”.

B Set the Input flow direction raster to
“sample_fdir”.

m Enter “sample_Ink” as the Output raste '

[ | CI|Ck “OK” Input stream raster

£ zample_net

Input flow direction raster

& sample_fdir

Cutput raster

Sumark zpacesiabintB azin_development_exercizehzanmple
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Hydrological Derivative Development

Ex06

Stream Order

B Open “Stream Order” tool (ArcToolbox >
Spatial Analyst > Hydrology > Stream Order)

B Set1nput stream raster to
“sample_Ink”.

B Set Input flow direction raster to
“sample_fdir”.

E s
e
g

Figh
. [
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|_H
|_H
L
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Hix
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= Enter “sample_ord” as Quiput raster. [
B Select “'STRAHLER™ as the ordering ont ool

m eth Od y Input flow direction raster
3 (11 1) £ gample_tdir
m Click “OK”,

Cutput raster

anama_zginthetic_streams_srtm-level2_derivativehs:

Method of stream ordering (optional)
STRAHLER
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Hydrological Derivative Development

Ex06

Vectorize Network

B Open “Stream to Feature” tool
(ArcToolbox > Spatial Analyst > Hydrology >

Stream to Feature).

B Set Input stream raster to
“‘sample_ord”.

B Set Input flow direction raster to
“sample_fdir”.

® Enter “sample streams.shp” as
Output polyline features

B Uncheck “Simplify polylines”
B Click “OK”

[ sSimplify polylines {optional)
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Hydrological Derivative Development

Ex06

Drainage Network
Attributes

B Open “sample streams.shp”
attribute table.

B |dentifying Feature Attributes

GRID CODE shows the resulting
stream order values. The higher
the value the more tributaries the
segment has upstream.

FROM NODE & TO_NODE defines
the stream flow direction.

ZUSGS

o Help
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Hydrological Derivative Development

Ex06

Drainage Basin Polygon Delineation

® The method covered in this exercise for defining drainage
basins is designed to delineate the entire geographic extent of a
basin based on a pour point (sink) intersection.

= Benefits to this approach:

" Provides controls to set
minimum basin size.

= Provides output of pour
points.
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Hydrological Derivative Development

Ex06

Determine Drainage Basin

® Open “Region Group” tool
( Spatial Analyst Tools > Generalization > Region Group )

® Set Input raster to “sample net”.
B Enter “sample _grp” as Output raster.

B Set “Number of neighbors to use (optional)”
to EIGHT.

B Set “Zone grouping...” to WITHIN.
B Check “Add link field..” option.
® Click “OK”".
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Hydrological Derivative Development

Ex06
Determine Drainage Basin
B | oad the “Pour Point Model” toolset.

B Right click on “ArcToolbox” select “Add
Toolbox...” option.

B Open “HydroDerivativeToolset” from the
“...\exercise06” folder.

® puercse wlosd - Arcap - drcinfo

ot a =0

+ o

-

ik B
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Hydrological Derivative Development

Ex06

Calculate Pour Points

® Open “Pour Point Model” tool within the
newly loaded Toolset.

® Set Stream Group Input to “sample_grp”

B Set Value Field from Stream Group Input to
“Value”.

B Set Flow Accumulation Input to
“sample_facc’.

B Fnter “sample _pp” as Pour Points (Output).
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Hydrological Derivative Development

Ex06

Calculating Watersheds

B Open “Watershed” tool
( ArcToolbox > Spatial Analyst > Hydrology > Watershed )

B Set “éample_fdir” as Input Flow Direction.
B Set “sample _pp” as Input raster or...

B Set Pour point field to “Value”.

B Enter “sample_ws” as Output raster.

® Click “OK”.
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Hydrological Derivative Development

Ex06

= Review Results

= Review valid basins and exterior basins
" Pour point location

% Untitled.mnd - ArcMap - Arclnfo =1 B3
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Hydrological Derivative Development

Task Flow Diagram: Review

. Flow Direction
Raster Layer |

- Vector Layer

Flow Accumulation § Pour Points
(seed points)

l

2 USGS »

Steam Network

(Synthetic Streams)



Hydrological Derivative Development
Alternative Methods

B Use the “Basin” tool which only requires flow direction
data sets.

® No control of pour point location and can not limit size of
basins.

B Using ArcGIS Model Builder to combine all the process
together.

® HydroDerivative Toolset

a2 USGS 6



Hydrological Derivative Development

Hydro Derivative Toolset
® Basins Delineation Model:

B Used to Generate basins and synthetic streams
(drainage network).

® Pour Point Model:

B Jsed within the Basin Delineation model as well as
independently.

s [Yarim]
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Hydrological Derivative Development

Running the Basins Delineation model

® Open ArcMap and load the
“..\exercise06\exercise06.mxd” project.

“#=Basins Delineation

Source DEM ({Input)

m Activate ArcToolbox and open the “Basin
Delineation” model.

® \erify input information and alter if desired.
® Click “OK".

B Once the model has successfully executed,
the hydrological derivatives will be loaded into
map's Data Frame.

NOTE: Be careful - depending on the size of your input
DEM, the process can take several hours.
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Hydrological Derivative Development

Questions?

Next Exercise: Drainage Basin delineation from
SRTM Level-2 Derivatives
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Drainage Basin Delineation

Ex07

Exercise Overview

® Determine the best location for source points (pour points) for
drainage basins.

® This process will vary depending on development purposes
(management practice, politics).

B Determine basin naming convention.
® Unigue names
B Nested basins

B Build look up table (LUT) to relate numeric ID to meaningful
name.

B Delineate drainage basins based on the location of pour points.
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Drainage Basin Delineation

Ex07

B Basin tools included.
B Create Feature Class
B Generate Basins

B Create Feature Class: Creates an
empty point feature class that has
source points added.

B Generate Basins: This model takes
source points and calculates basin

polygons.
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Drainage Basin Delineation

Ex07

Create Source Point Feature Class

® Open ArcCatalog
B Open the “Feature Class” tool in ArcToolbox

® Opéen “Create Feature Class” tool

(...\exercise07\srtm_derivative_exercise_gdb.mdb\SRTM_Derivative_Toolset\Create
Feature Class).

® Click the folder icon and browse to
“....\exerciseO7\srtm_derivative_exercise_gdb.mdb” and select
“‘exercise_vector ds” feature data set and click “Add”

B Enter “my sample_ points” as the “Output feature class”
B Select POINT as geometry type.

B |n the Spatial Reference field select the same spatial reference
“...\exerciseO?\exerciseO?.prj"

Instructor lead
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Drainage Basin Delineation

Ex07

Create Source Point Feature Class

B Allow the remaining items to use their
default settings.

® Click on “OK".

Instructor lead
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Drainage Basin Delineation

Add Pour Point Locations in ArcMap

® Open ArcMap and load ?roject file:
“...\exercise0/\exercise07.mxd”

Ex07

Instructor lead
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Drainage Basin Delineation

Ex07

Add Pour Point Locations in ArcMap

B To add point features, select the “sketch tool” on the Editor
tool bar. Editor Tool bar

Editor

B Zoom/Pan to the location you want to start adding features.

B Click (left) on the location. Keep in mind you need the point
to fall on a synthetic stream raster cell.

B Add an attribute to a feature. Click the “Attributes” button on

ﬁ Editor tool bar to open the attribute editor tool.

Instructor lead
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Drainage Basin Delineation

Ex07

Add Pour Point Locations in ArcMap

= Continue to add points and assigning attributes until all
points are added. Don't forget to save.

® Once all points are added and attributed, close the edit
session by selecting “Stop Editing” from Editor menu.

Instructor lead
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Drainage Basin Delineation

Addlng a Toolset to ArcGIS Toolbox.

In ArcMap click on the Show/Hide
ArcToolbox Window button.

Ex07

B Select the ArcToolbox item at the top of the
list. Right click the mouse and select the
“Add Toolbox...” option.

® |n the Add Toolbox browse dialog, navigate
fo "\ .\exercise07\srtm_derivative_exercise_gdb.mdb" and
select “'SRTM_Derivative Toolset” then click i Sl .
“Open". - C. ~ Hide Locked Tooks

B This will add the selected toolset into the
ArcToolbox catalog.

Instructor lead
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Drainage Basin Delineation

Building Basin Model

® |n ArcToolbox open the BasinGenerate
model for editing from the
SRTM_Derivative Toolset.

® |n the empty model build your own model
to delineate basins from the pour points
that you just added.

® All the tools required to build the model,
are in the SRTM_Derivative_Toolset.

Hint: Process flow is Snap Pour Point > Watershed
> Raster to Polygon.

® When completed Run model

Self Guided
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Drainage Basin Delineation

Ex07

ModelBuilder diagram of BasinGenerate toolset

Model Edk Wiew ‘Window Heb

B 8| ¥ |=@ & =

1
1
-
I T Z
Raster Raster to
" B'Sim “J Pulym“
it =

Instructor lead
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Drainage Basin Delineation

Questions?

Next Exercise: Access and use GeoSUR GP Web
Services

a2 USGS 7



Accessing GeoSUR Web Services

B Access GeoSUR Geoprocessing (GP)
Web Service

® Web browser interface
® www.geosur.info

® Google Earth

® ArcGIS Explorer
® | oading Map Layer
® Access GP tool
B ArcGIS Desktop application
® ArcCatalog
B ArcMap
= Python
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http://www.geosur.info/
file:///F:/geosur_workshop/

Accessing GeoSUR Web Services

GeoSUR Web Browser Exercise

1. Open a web browser and navigate to the GeoSUR GP
services page (www.geosur.info/).

. Click the Rain Drop tool
. Provide the appropriate input

Execute the tool

S VI N

. Review Results

2 USGS "
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Accessing GeoSUR Web Services

Load Map Service into Google Earth (GE)

1. Determine available KML services from GeoSUR's ArcGIS
Services Directory

2. (http://www.geosur.info/ArcGlS/rest/services)

3. Choose a Google Earth (KML) service from the directory
and load it into GE.

% USGS 182


http://www.geosur.info/ArcGIS/rest/services
http://www.geosur.info/ArcGIS/rest/services
file:///F:/geosur_workshop/
file:///F:/geosur_workshop/

Accessing GeoSUR Web Services

Loading Map Services into ArcGIS Explorer

1. Determine available map services from GeoSUR's ArcGIS
Services Directory

2. (http://www.geosur.info/ArcGlS/rest/services)

3. Choose a service from the directory and load that service
into ArcGIS Explorer's Toolbox.
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Accessing GeoSUR Web Services

ArcGIS Explorer GP Services Exercise

1. Determine available GP services from GeoSUR's ArcGIS
Services Directory in a Web browser.

2. (http://www.geosur.info/ArcGlS/rest/services)

3. Choose a service from the directory and load that service
into ArcGIS Explorer's Toolbox.

4. Execute that service in ArcGIS Explorer.
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Accessing GeoSUR Web Services

Loading Map Service into ArcMap

1. Open ArcCatalog and connect to GeoSUR ArcGIS
Server (wWww.geosur.info/arcgis/services).

2. Connect to the service as a user, not as a manager.

3. Close ArcCatalog

4. Open ArcMap and load both the maps/iirsa and
maps/iirsa_cache layers into a data-frame.

5. Determine the difference between the two layers.
6. NOTE:. DON'T close ArcMap when you are finished
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Accessing GeoSUR Web Services

Loading GP Service into ArcMap
1. In the current ArcMap session, open the ArcToolbox.
2. In ArcToolbox, open the “Add Toolbox...” dialog.

3. Within the dialog, navigate to the GIS Servers folder and
open the “www.geosur.info” connection.

4. Once connected, open the Models folder and add the
Gtopo30Hydro toolset.
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Accessing GeoSUR Web Services

Loading GP Service into ArcMap

1. With-ArcToolbox, locate the newly add
"GTopo30Hydro” toolset and open the
Raindrop Trace tool.

rcTo
..
..
..
..
..
-

2. Provide the appropriate inputs and
execute.

3. Open the Create Watershed Polygon tool.

4. Provide the appropriate inputs and
execute.

5. Examine the result from both tools.

a2 USGS 7



Accessing GeoSUR Web Services

Advanced Web Service Demonstrations
1. Exploring the GP Web service Viewshed tool.

2. Exploring tools available in the GeoSUR_Derivatives Web
service.

3. Incorporating GP Web services into local GP Models using
ModelBuilder.

4. Accessing GP Web services in Python.
5. Basic image format conversion.
6. Requests from the audience.
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Logistics

Daily schedule
® Workshop begins at 8:30 am
® Morning break 10:30 am (15 min)
Lunch 12 pm (1 hour)
Afternoon break at 3 pm (15 min)
Daily wrap-up at 5 pm
Shuttle departs at 5:30 pm
® Restrooms
= Refreshments
® Security

® Emergency evacuation procedure (fire, tornado)

2 USGS




Objectives

® Understanding the SRTM data products

® How to acquire SRTM DEM data sets

® Acquiring SRTM Level 2 derivative products
® How to acquire remotely sensed data

B Qverview of applying raster data sets

® Qverview of managing spatial data

® Accessing and implementing GeoSUR's
geoprocessing web services

Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
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SRTM Mission

Shuttle Radar Topography Mission (SRTM)
B Mission history
® Data post processing
= Data quality assessment

Information presented by Dean Gesch of the U.S.
Geological Survey (USGS).

Introduce Dean Gesch (10pm)



SRTM Data Characteristics

SRTM data characteristics to consider prior to
including the DEM in data analysis.

® Data voids
B Phase noise

Canopy bias

Horizontal resolution




Data Voids

r * i
I I

(Grohman, 2006)
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Data voids are areas in the dataset that were found to have either extreme error
during processing or no radar signal returned. After a preliminary analysis of the
SRTM for South America it is estimated that there are about 500 1 degree tiles with
data voids



Phase Noise

An example of phase noise from two different surface
types. - A is from a rock outcropping, and B is bare soil
with sparse vegetation

Simple stated, phase noise is a minimal neighboring pixel by pixel height variation,
and this variation was influenced by the type of surface the radar transmission was
reflecting off. For example, an area with forest cover will have less noise than
agricultural lands due to how the radar signal is bounced off the surface (Walker,

2006).

Walker, W. S., Kellndorfer, J. M. and Pierce, L. E. 2007: Quality assessment of
SRTM C- and X-band interferometric data: Implications for the retrieval of
vegetation canopy height: Remote Sensing of Environment, v 106, p. 428 - 448



Canopy Bias

Shaded Relief / Landsat
image mosaic illustrating
canopy bias along the
borders of a protected
forest in Ghana, West
Africa.

A highly disputed characteristic of the SRTM DEM is the canopy bias. Because of
the short wavelength (5.6 cm) of the C-Band, the majority of the received radar waves
over heavy vegetative areas (Figure 7) are reflected back within the canopy, well
above the bare Earth surface (Kellndorfer, 2004). For this reason many geologist and
hydrology find the SRTM DEM a less than desirable dataset for large scale use, were
as ecologists are finding it an invaluable tool to aid in estimating canopy height and
biomass (Kellndorfer, 2004; Simard, 2006). One reason this is problematic for
hydrologists is when modeling, for example, a drainage network in an area of dense
forest were deforestation is occurring. Sometimes false channel networks are created
because of the contrasting elevation values between the forest and the cleared areas
(Figure 8) (Valeriano, 2005). For that same reason ecologists find it very useful
because it can estimate a forest height and potentially extrapolate biomass
(Kellndorfer, 2004).



Canopy Bias

SRTM Surface False Channel

- Elevation Postings

"~ Bare Earth Surface
% 1 I \ L -
Graphic Source: Valeriano, 2005
Example of potential false channel extraction using SRTM data.

2 USGS

A highly disputed characteristic of the SRTM DEM is the canopy bias. Because of
the short wavelength (5.6 cm) of the C-Band, the majority of the received radar waves
over heavy vegetative areas (Figure 7) are reflected back within the canopy, well
above the bare Earth surface (Kellndorfer, 2004). For this reason many geologist and
hydrology find the SRTM DEM a less than desirable dataset for large scale use, were
as ecologists are finding it an invaluable tool to aid in estimating canopy height and
biomass (Kellndorfer, 2004; Simard, 2006). One reason this is problematic for
hydrologists is when modeling, for example, a drainage network in an area of dense
forest were deforestation is occurring. Sometimes false channel networks are created
because of the contrasting elevation values between the forest and the cleared areas
(Figure 8) (Valeriano, 2005). For that same reason ecologists find it very useful
because it can estimate a forest height and potentially extrapolate biomass
(Kellndorfer, 2004).



Horizontal Resolution

® Original data collection was near 30 m.

B |ncreased usability and smoothing algorithm was
applied reducing resolution to 45 and 60 meters
(Farr, 2006).

® Other studies show the resolution may be

between 30 and 48 meters (Pierce, 2006).

Another area of contention with the SRTM 30 m DEM is its true horizontal
resolution. The intrinsic resolution of SRTM interferometric product was very close
to 30 m, but because of the point-to-point sampling there would be considerable
height error variability (noise) between pixels (Farr, 2006). While still falling within
the requirements, the product would not have been very useful to the end user (Farr,
2006). In order to increase the usability of the product a smoothing algorithm was
applied to reduce the noise, and as a result the final product had a sampling resolution
of between 45 and 60 meters, depending on whether the data was collected in high
terrain or in relatively flat terrain respectively (Smith, 2003, Farr, 2006). These
figures are not final, however, and a more recent study (Pierce, 2006) suggests that
the horizontal resolution is closer to 30 m. The results indicate that the resolution is
30 to 48 m pixels, depending on the local variability or the elevation data; with a
higher resolution near sharp edges and corners (e.g., mountainous areas) and a lower
resolution in smoother areas (e.g., flood plains) (Pierce, 2006).



Slope

® Qverestimates in areas of steep topography

® QOverestimates in areas of little relief (Guth, 2006;
Jarvis, 2004; Farr, 2006)

® There is a combined influence of the smoothing
algorithm and the phase noise error (Farr, 2006)

Slope is a valuable derivative product of any DEM and is involved in many of the
earth surface process models, such as in modeling for landslides. It has been
documented in several studies that slope is underestimated in areas of steep
topography and overestimated in areas of little relief (Guth, 2006; Jarvis 2004; Farr
2006). Both the underestimation of slope on steep areas and its overestimation on
smoother location is a combined influence of the smoothing algorithm and phase
noise error (Farr, 2006).



Overall SRTM Data Quality

The SRTM is an unprecedented collection
of the world's topography and currently
there is no global dataset that can match
its versatility and quality (Guth, 2006).




SRTM Void Fill Processing
® Needs MORE




Feathering Method

SRTM with void
A/ Fill surface that undulates
compared to SRTM

This difference can be
hundreds of meters and will

// V\J/ vary widely around the void
area.

(Grohman, 2006)

The feather method uses a fill source pixel at the same
geographic area without adjusting for the difference in elevation
(delta) and then “feathers” the edges between the different data
sources to mitigate the difference in elevation.

ZUSGS




Delta Surface Fill

ed DTED®1 “rotated”

into void area

~— SRTM with void
N\
\\-.‘ Fill surface that undulates _
compared to SRTM

s difference can be
ds of meters and will
dely around the void

N area.

(Grohman, 2006)
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Original SRTM Surface




SRTM Data Characteristics

Questions?

Next: GeoSUR SRTM Derivative Products




GeoSUR SRTM Derivative Products

Initial Data offerings:
® SRTM Level 1 (3 arc-second, ~90 m) and Level 2 (1
arc-second, ~30 m) derivatives:
“m Aspect
B Hillshade
® Shaded Relief

® Slope
® Flevation Data
® SRTM Level 1 (90 m, 3 arc-second)
® HydroSHEDs conditioned DEM
B GTOPO30 (30 arc-second, ~1 km)













GeoSUR SRTM Derivative Products

Dynamic Products
® Slope (degree, percent)
B Hillshade — define parameters
B Shaded Relief — (define shade symbology)
® VViewshed polygons
® Elevation profile model
B S|ope classification
® Dynamic watershed delineation
® Raindrop trace

NOTE: This dynamic processing environment is flexible and has
opportunities to be modified to meet the user community needs.

ZUSGS

Show both Dynamic watershed and Raindrop trace demo




































GeoSUR SRTM Derivative Products

Questions?

Next: USGS/NGA new GTOPO products




Introduce Jeff Danielson (3 pm)
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Objectives — Day 2

B | earn how to access and acquire remote sensing
data via the Internet using resources made
available by the USGS and other ....

" Gaina comprehensive understanding of working
in ESRI's ArcGIS environment.

® Understand the concept of web services and
where and how to use them.




Accessing Satellite Imagery

® | andsat — Free!
® | andsat presentation by Eugene Fosnight for the
USGS.
® TerraLook — Free!
® TerraLook presentation by Claudia Young (SGT).

® TerraLook presentation by Eugene Fosnight for the
USGS.




USGS Global Visualization Viewer

Overview of acquiring satellite imagery using USGS
Global Visualization Viewer (GloVis) (glovis.usgs.gov)

Glons Demo:

Review Collection
e Select Collection
* Review Map Layers

* Select Landsat data — Explain the “Downloadable”
notification

* Select several datasets from the TerralLook collection
and submit the order.

* Email notification of receiving order
(confirmation).

* Email notification of order completion



GloVis Download Exercise

® GloVis Exercise:

® Download one
complete Landsat
scene of your
choosing.
Remember to

download all bands.

Instructor lead

2 USGS

This exercise should be run through once by instructor.



USGS Earth Explorer

® Before acquiring data
from GloVis, you must
register with USGS's
EarthExplorer.

To register, open a web

browser and go to http://

earthexplorer.usgs.gov
to begin the registration
process.

(€]

| Bl Edt tew Favortes Toos Heb

96 4 EE Eantbphre: |

| Search USGS

You'to register and save information that can be used to access a spedfic
USGS sile or Lo place vrders for USGS preducts. Additional features, such as Une abilily Lo save search
information, may also be available to registered users depending on the site accessad (list of sites and
features).

Toregister, olease create a user name and password. The imformation yo provide will be secure and not
shared with others. Review our privacy policy.

Login information

User Name:

Password:

Lo —
Password:

[eia e

e your erail address

ssword must be at
> cach

Question:
¥ou will be asked for the answer to ysur secret question if you forget your password,

Entering  Secret Question and Secret Answer is optionl.

[-=—conc- TR < 5.t and Continue —> |

A ity FOIA Privacy. Policies and Notices

U.5. Department of the Interior | U.S. Geological Survey
UFL: http://2arthexplorer.usgs gov/

Page Contact Informztion: CUSIservauscs.qoy

Page Last Vodified: November 25, 2008
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Acquiring Elevation Datasets
® USGS Seamless Data Distribution System (SDDS)

B http://seamless.usgs.gov

= Gobal Data available

= SRTM 3 arc-second DEM
and Hillshade

Note: For help on using SDDS, visit
the Seamless online tutorial site at
http://seamless.usgs.gov/tutorial.php

ZUSGS




Global Land Cover Facility (GLCF)

Data offered by the GLCF (http:/gicf.umiacs.umd.edu)

Landsat Imagery (ETM+, TM, and MSS)
ASTER (very limited for South America)

'SRTM 3 arc-second (same product as USGS Seamless)

SRTM 30 arc-second (1 km)
MODIS Products

AVHRR Products




Accessing Spatial Data Online

Questions?

Next: Web Services




Web Services

What are Web Services?

® There are many things that might be called "Web services" in the world at
large. However, for the purpose of this Working Group and this
architecture, and without prejudice toward other definitions, we will use the
following definition:

“A Web service is a software system designed to support

interoperable machine-to-machine interaction over a network. It has
an interface described in a machine-processable format (specifically
WSDL). Other systems interact with the Web service in a manner
prescribed by its description using SOAP-messages, typically conveyed
using HT TP with an XML serialization in conjunction with other Web-
related standards” - W3C, 2009.




Web Services

® Web services in respect to the geospatial
environment

® There several ways to build geospatial Web services that can either proprietary or
open source. The Open Geospatial Consortium (OGC) is the governing body of the
dominate open source standards. ESRI and Google are the dominate players in the
proprietary geospatial Web services. Even though ESRI and Google have
proprietary Web services, they are also members of OGC and contribute to the
open source development.

® Types of Web services
® Open Source OGC services
= \Web Map Service (WMS)
® \Web Features Service (WFS)
® \Web Coverage Service (WCS)
® \Web Processing Service (WPS)

B Foran in-depth look at each of the services, visit OGC standards Web site at http://
www.opengeospatial.org/standards




Web Services
Types of Web Services

® ESRI Web Services currently applied by GeoSUR (Currently)

B Geoprocessing - “ArcGIS Server is a comprehensive, Web-based GIS that provides
a range of out-of-the-box applications and services for mapping, analysis, data collection,
editing, and management of spatial information. A geoprocessing service contains
geoprocessing tasks accessible by clients. Tasks are created by publishing geoprocessing
toolboxes or map documents containing tool layers. When you execute a task in a
geoprocessing service, it executes on the server computer, using resources of the server
computer.” (ESRI, 2009f)

Image Service - “An image service provides access to raster data through a Web
service. The source of the raster data can be a raster dataset (from a geodatabase or file
on disk), a layer file referencing a raster dataset, or a compiled image service definition
(containing one or more raster datasets and defined processes) created using ArcGIS
Image Server. Once you publish this raster data to your server, you can use the resulting
image service in ArcGIS Desktop the same way you would add any other GIS service
layer.” (ESRI, 2009g)

Map Service - “A map service is the most common ArcGIS service and can contain
many capabilities and functions. Map services certainly support mapping and map viewing,
but can also support modeling and geoprocessing, mobile GIS services, and open
publishing as OGC WMS, OGC WCS, and KML.” (ESRI, 2009h)




Web Service Examples

Google Earth and Google Maps (Map)

These applications are used to view the map services.

* Open Google Earth Or Maps ( )
* Open Layer example of OGS Service ( )

*ArcCatalog Demo
*WMS
*WCS
*Image Service

*Map Service



Web Service Examples
ESRI Services -

® ArcGIS Explorer
= WMS
“® |mage Services
® GeoRSS Feeds

® ArcCatalog

= \WMS

= WCS

® |mage Service
® Map Service

* Open Google Earth Or Maps ( )
* Open Layer example of OGS Service (

*ArcCatalog Demo
*WMS
*WCS
*Image Service

*Map Service



GeoSUR ArcGIS Server Architecture

The ArcGIS Server System Architecture
® Web Clients

® Mobile devices, Web
Browser, and desktop
clients.

® Web Server

® GIS Server(s)

® Administrative Client
® Desktop Clients

————(ESRI, 2009b)




GeoSUR ArcGIS Server Architecture

Virtual Geoprocessing
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The ArcGIS Ecosystem

ArcGIS
® ArcGIS Explorer (Free)
® ArcGIS Desktop
= ArcGIS Server

® ArcGIS Engine (Developers)




ArcGIS Desktop

ArcGIS Desktop three core components
® ArcCatalog @B E— =
" ArcMap
® ArcToolbox

® ModelBuilder




ArcGIS Licensing

ArcGIS Desktop has 3 licensing
levels. The higher the level the
greater the functionality. Parallel
with functionality is cost.

® ArcView $
®m ArcEditor $$
® Arcinfo $$%

ArcGIS Desktop

ArcView

ESRI, 2009c)




ArcGIS Desktop

ArcCatalog

® ArcCatalog's main purpose is to assist you in managing
geospatial data. The user interface is based on the
common file tree structure, but provides access to all
spatial properties of a given element.

® Common tasks utilized:

® Create spatial data (Shapefile, Geodatabase, Raster, etc...)
u |nitialize geoprocessing analysis on spatial data (ArcToolbox)
® Examples Include: Projecting data, buffering, zonal statistics, etc.

B Access or interface with enterprise level spatial data such as
ArcSDE and GIS Services.

Do a live demo of ArcCatalog

Create Shapefile

Browser Geodatabase

Open Toolbox

Browse ArcGIS Service

Go into ArcGIS Service Admin Tool.



ArcToolbox

ArcToolbox is where you have access to all the core
geoprocessing functions that are delivered with
ArcGIS Desktop.

Toolbox Browser Window Toolbox Results Log

[ArcTaolbox x ArcToolbox

[ ArcTodkox :

@ 30 Analyst Tools =- Ty Previous Sessions

- Analysis Tooks - Last Week

Cartography Tools 3 Testimageiodal [083453_04282003]
Conversion Tacls T8y 2 Weeks Aga

DataManagement Taoks A BuidPyremids [10191_D4242009]
Geocoding Tools #* sethiul [080242_04242009]

Hilshade Tools -3 MosaicToNenRaster [074623_04242009]
Linear Referencing Tooks 3= MosaicToNenRaster [073533_04242009]
Mobile Tosls €0 WorkspaceTohenMasaic [073446_04242009]
Mulkidimension Tooks & CalculateStatistics [073135_04242003]
Samples A Calculatestatistics [073116_04242009]
Sthematics Tooks A CalculateStatistics [073058_04242009]
Server Tools A Calculatestatistics [073035_04242009]
Spatial Analyst Tooks - ProjectRaster [064025_04242009]

P Spatial Statistcs Tools A Caleulatestatistics [063704_04242009]
A CalculateStakistics [063641_04242009]
- Import [ 164504 04232009
A ProjectRaster [135426_04232009]

A ProjectRaster [135310_04232005]
A ProjectRaster [135210_04232009]

Favoites | Inder | Search | Resuts Favorites ] Index | Search Resuits

Browse, open and run a tool (relates to results later in results tab)
Find a tool in the index tab (search index for DISSOLVE)
Show the search tab (search for BUFFER)

Review the result



ModelBuilder

A model in respect to ArcGIS is a collection of
processing instruction and data elements organized
to execute in a defined sequence or workflow.

Data element Output

dro,
(Input) rasu‘:r
P Data element
Direuct‘rnn (Output)

4 P

Accum?:alinn
Processing

instruction Stpp

work-flow




ModelBuilder

Use the ModelBuilder tool to organize instructions.

Toolbar '

Build a simple raster to vector idea (ie raster streams to vector) and reproject to geo

Inputs Raster streams, flow direction

Functions: hydrology/stream to feature, Data man..\projections...\features\Project



Extending Geoprocessing with Python

B ArcGIS allows you to extend the existing
Toolboxes by leveraging the power and flexibility
of the Python programming environment.

® You can write your own Python application using
existing ArcGIS geoprocessing objects as well as
incorporating other powerful Python objects into
an application.




Dévélop Python
script.

Incorporate
custom Python
tool in models.

® = =

3a

aturs Clazs

7]
D

s
fro

& Qutpt Feature Class.

Use custom Python
tool directly ArcCata
or ArcMap.



ArcMap

ArcMap can be used in several unique ways. An
obvious use of the application is the tool to
produce maps. Other applications are as
follows:

B Spatial analysis processing environment

® Development platform for creating GIS software
applications (i.e. ArcObjects).

B Create map to be published online via ArcGIS Server.




Managing Raster Datasets

Basic questions to consider when defining a
spatial data management scheme.

® What type of raster data is being managed?
® Continuous or thematic?
® Bit depth? (8, 16, 32, etc...)
® Total disk storage space required?

® What is its primary use?
® Archive or Active dataset?

® Does the data require secure access?

® What are the access requirements of the users?
® | ocal, LAN, remote access, and/or Internet access?




Managing Raster Datasets

Storage options for raster datasets.

B Flat file
u Fijle formats: GRID, Tiff, ERDAS IMG, JPG2000, etc

® Database storage
® Personal Geodatabase (Managed or unmanaged)
B File Geodatabase (Managed or unmanaged)
® ArcSDE Enterprise level
B Platforms: Oracle, SQL Server, PostgreSQL (open source)
= |nformix, and IBM DB2.
B Data access options
® Geodatabase access
B Direct.Access
® \Web Services Client access




The ArcGIS Ecosystem

Questions?

Next: Overview of ArcGIS Geodatabase




Overview of the Geodatabase

® On a basic level a Geodatabase (GDB) is a
container for storing spatial data and
attributes.

® Data types that can be stored in a GDB
® \/ector data
® Raster
® Tables (non-spatial)

Optional



Optional

Note Personal Geodatabase size and access limitations

File Geodatabase Raster size limits (large), Multiple spatial
indexing.



Geodatabase Elements

Table
A collection of rows, each containing the same
fields. Feature classes are tables with shape fields.

Feature class

A table with a shape field containing point, line,
or polygon geometries for geographic features.
Each row is a feature.

Raster dataset
Contains rasters which represent continuous
geographic phenomena.

(ESRI, 2009))

ZUSGS

Optional



Geodatabase Elements

Optional

@ Drainage
o) Modogaphy
= Metwork

; HydroEdge —

ﬁ M etwark_Met

5] Wetwark_Net_Junctions
SchematicLink

15 SchematicMode

- *CrossSectionhasPoints

CrozsSectionPoint

- Hudrolunctionhas\w atershed
[ TimeSeries

L5 Hydrodunction Geometric

Workspace

Geodatabase
Feature Dataset

Feature Class

Network

Relationship Class

Table
-2 HydrodunctionH as\w aterbody \“

OBJECTID= CrossSectionlD=

CrossSectionM

3931 | Colorado/Lbj Middle D8

3464

Elevation
801

3932 | Colorado/Lbj Middle D8

3482

800

3933 | Colorado/Lbj Middle D8

3435

800

3934 | Colorado/Lbj Middle 06

3511

733

3335 Calorade/Lbj Middee 05

327

799




Optional

Demo adding tools to Geodatabases, using LCMapper 2km GDB.
E:\Projects\Sahe\LCMapper 2km\swa 2km lulc.gdb



Optional

E:\Projects\Sahel\LCMapper 2km\swa 2km_lulc.gdb



Optional

Demonstrate on the LCMapper Geodatabase
E:\Projects\Sahel\LCMapper 2km\swa 2km_lulc.gdb



Geodatabase Raster Datasets Comparison

- Raster dataset Raster catalog

Homogeneous or Homogeneous data: a single Heterogeneous data:
heterogeneous data format, data type, and file. multiple formats, data
types, file sizes, and

coordinate systems.

Metadata Stored once and applies to Stored as attribute
complete dataset. columns for each raster
dataset item in the raster

catalog.
Raster dataset Raster catalog

Chart Source: ESRI

Optional



Geodatabase Raster Datasets Comparison

Chart Source: ESRI

Optional

Fast to display at any scale.
Mosaic saves space, since
there is no overlapping data.
Displays with better blending

at mosaicked image seams.

Raster dataset

Raster catalog

Can manage multi-row
raster tables for many
purposes. Can specify
one or more raster

datasets for display.

Raster catalog




Overview of the Geodatabase

Questions?

Next: Exploring the concept of Geo-Browsing




Geo-Browsing

Geo-browsing is an evolving concept. Its basic
premise is that a person can search or navigate
through the Internet in geographic space.

Discuss it's evolution

From task specific software to freely distributed application, Internet application and
“Mash-ups” to the use in “smart-phones”.



Geo-Browsing

Geo-Browsing products
® Google Maps and Google Earth
" ArcGIS Explorer from ESRI
= Microsoft's Virtual Earth
® NASA World Wind
® Yahoo Maps
® OpenLayers (openlayers.org, mapfish.org)

Show highlights of each product.

Google map - the value of the use in mash-ups and common man uses (directions)
Google Earth — Do the time series demo

ArcGIS Explorer — Run a geoprocessing model from GeoSUR server? Rain Drop.
Virtual Earth — so the bird's-eye view.



Geo-Browsing and GeoSUR

® How can Geo-Browsing affect GeoSUR
program?
® GeoSUR can use Geo-browsing technology as a tool to
gather information

B | everage the technology to share and distribute your
information!

® Pyblish the information in as many web mapping services as
resources allow.

B |f your product has value, build it and they will come.

H1N71 Map Example  Weather Map Example
ZUSGS

Address the concept that the primary agency doesn't necessarily need to construct the
a user interface for a web service. If the service as value and is implemented well
other will build the interface.

Maybe show an example of the SWINE FLU maps

http://healthmap.org/swineflu



GeoSUR Geoprocessing

ac-

GeoSUR preliminary
geoprocessing services
web browser interface.




Accessing GeoSUR Web Services

® Web Interface

® ArcGIS Explorer
® ArcGIS — ArcMap
® Google Earth

® Javascript APIs (Google, ESRI, OpenLayer)




Discovering Available Services

® ArcGIS Services Directory

Services Directory allows you to browse the contents of an ArcGIS
Server and obtain information that can be useful to you when
developing applications. Services Directory is a view of the ArcGIS
Server REST API in HTML format. Each ArcGIS Server instance
has Services Directory installed during the installation process
(ESRI, 2009d).

B Services Directory assist with:

® Browsing the contents of the GIS server and get service level
metadata.

B Getting information to help you develop applications.

*Services Directory helps you do these things:

*Browse the contents of the GIS server and get
service level metadata

*You can navigate a series of links to view information
about the services on your GIS server. The links also
allow you to preview how your service looks in ArcMap,
in a Web browser, in Google Earth, and so on.

*Get information to help you develop applications

*When you develop applications with the JavaScript APIs
you must provide URLSs to services and the layers and
functionality they expose. Services Directory provides an
interactive way for you to construct those URLSs.



ArcGIS Services Directory

1) Viewing options
2) Available Layers

3) Supported
development
interfaces

4) Supported operations

Arcors
HOm > 0003 > GAOSUIEOM AL GENaral (MAREACwAr)

maps/GeosurPortal_General {(MapServer)

A ST G s \

«plorer  Arct

Vinw In: GTME0 ALCELS Exlrer

Whaw Footprint In: G

ArcMap AICGIS GIS JavaScript Google Earth

Layers:

Intial Extont L es (0)
@s (libro iirsa) (1)

® Limites nacionales (2)

| Supported Interfaces: BEEST S04

Supported Operations: Esxport Map

When you publish a map service, you can get the contents in several different formats using Services
Directory. When you navigate to a map service's page, you see the option to "View In" different

applications. These include:

ArcMap (*.lyr), ArcGIS Explorer (.nmf), ArcGIS JavaScript -(simple preview of the map in a Web
browser), Google Earth (URL provides the contents of the map as KML network link (.kmz)), Virtual
Earth (Web Mercator projection (102113)), Google maps (Web Mercator projection (102113)).

Supported Interfaces:

Supported Operations:



GeoSUR's Service Directory

http://www.geosur.info/ArcGlS/rest/services

Folder: maps

So example of accessing GeoSUR maps through several interfaces.
ArcMap

ArcGIS Explorer
Google Earth
Maybe:

ESRI API or Google Maps



Geo-Browsing

Questions?

Next: Spatial Analyst Map Algebra

Request any insight that other may have on Geo-
browsing.

No expert on this.






Analyzing Spatial Data Exercises

B Map Algebra

® Topographic surface models
® Viewshed Analysis

® Viewshed ModelBuilder

® Vulnerability ModelBuilder

® Hydrological Derivatives

® Drainage Basin Delineation using
ModelBuilder




Spatial Analyst Map Algebra
Map Algebra

A language that defines a syntax for combining map themes by
applying mathematical operations and analytical functions to create
new map themes. In a map algebra expression, the operators are a
combination of mathematical, logical, or Boolean operators (+, >,
AND, tan, and so on), and spatial analysis functions (slope, shortest
path, spline, and so on) and the operands are spatial data and

numbers (ESRI, 2009a).

Example:
output raster = con( [elevation] > 2000, 0, [elevation] )




Spatial Analyst Map Algebra

B Protected Area Vulnerability
Exercise

® Question: Recent activity in the region
coveéring Colombia and Ecuador's border
suggests an expansion of intensive
agriculture into the closed tropical
evergreen forest. Areas of highest
vulnerability are southern facing slopes 0
with a slope of between 0 and 15 degrees
between the elevation of 1000 m and
2000 m. Your task is to identify these
vulnerable areas within the protected
areas of this region.

Instructor lead

ZUSGS




Spatial Analyst Map Algebra

® Open ArcMap

B |Load the
...\exercise01\exercise01.mxd
project file

® Verify that the Spatial Analyst
extension is activated in ArcGIS.

® Verify that the Spatial Analyst D
toolbar is visible in ArcMap. o

st
Copyiicht ©1933-2008 ESRI Inc. All Rights Reserved

Provides spatial analysis tals for use with raster and feature data.

atial Analys H
Spatial Analyst v| Layer: |Elsvation | &I D B

Instructor lead

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)



Spatial Analyst Map Algebra

B Protected Area Vulnerability Exercise
® Project Setup

1. Set spatial analyst options

2. Working directory = ...\exercises\exercise01
3. Analysis Mask = NONE

4. Analysis extent = “Elevation”

5. Cell Size = “Elevation”

Instructor lead

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)



Spatial Analyst Map Algebra

® Protected Area Vulnerability Exercise
® Create elevation derivative - RECLASSIFY

1. Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
2. Select Elevation zone = [sel_elev] = setnull(felev_reclass] ne 4, 1)

27

Elassification

Instructor lead

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)






Spatial Analyst Map Algebra

B Protected Area Vulnerability Exercise

® Create elevation derivative - SLOPE
1. Create Slope = scaler factor 0.000016 (four zeros)
2. Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)

Instructor lead '

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)






Spatial Analyst Map Algebra

Ex01

® Protected Area Vulnerability Exercise

® Create elevation derivative - ASPECT

1. Create Aspect

2. Select Aspect Zone = [sel_aspect] = setnull([aspect] It 112.5 or
[aspect] gt 247.5, 1)

7

Open ArcMap
Load the ...\exercises\exercise01\exerciseO1.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”

Create elevation derivative

Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)

Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)

Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt

247.5, 1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1

& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)



Spatial Analyst Map Algebra

B Protected Area Vulnerability Exercise

® Create Land-Cover derivative:
m Select land-cover Zone: [sel_landcover] = setnull([Landcover] ne 10, 1)

s ith

Instructor lead

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)



Spatial Analyst Map Algebra

B Protected Area Vulnerability Exercise

B Create Land-Cover derivative:

m Select land-cover Zone: [VulArea] = con([sel_elev] eq 3 & [Protected] eq
17& [sel_aspect] eq 1 & [sel_slope] eq 1 & [Landcover] eq 10, 1, 0)

SUCUMBIOS
NAPG™ T

Ihstructor lead

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)



Spatial Analyst Map Algebra

Protected Area Vulnerability Exercise

v BN

: instructor Ieazi

ZUSGS

Open ArcMap
Load the ...\exercises\exerciseO1\exercise01.mxd
Verify that spatial Analyst is loaded
Set spatial analyst options
Working directory = ...\exercises\exercise01
Analysis Mask = NONE
Analysis extent = “Elevation”
Cell Size = “Elevation”
Create elevation derivative
Reclass elevation Tool: Reclass by ASCII File, (elevation_reclass.rmp)
Select Elevation zone = [sel_elev] = setnull([elev_reclass] ne 4, 1)
Create Slope = scaler factor 0.000016 (four zeros)
Select Slope Zone = [sel_slope] = setnull([slope] gt 15, 1)
Create Aspect

Select Aspect Zone = [sel aspect] = setnull([aspect] 1t 112.5 or [aspect] gt
247.5,1)

Create Land-Cover derivative:

Select land-cover Zone = [VulArea] = con([sel_elev] eq 3 & [Protected] eq 1
& [sel _aspect] eq 1 & [sel slope] eq 1 & [Landcover] eq 10, 1, 0)



Spatial Analyst Map Algebra

Questions?

Next Exercise: Advanced Hillshade Toolbox




Advanced Hillshade Toolbox

® Common Hillshade
® Swiss Hillshade Effect

B Multi-directional, oblique-weighted, shaded-

relief algorithm (MDOW)

Swiss Hillshade

The Swiss hillshade effect is created using two modified hillshades that are
displayed together with a layer tinted DEM. The first modified hillshade is a
generalized hillshade produced by using a median filter on the default
hillshade - this creates a smoothing effect and generalizes the terrain to
emphasize the major geographic features, minimize the minor features, and
smooth irregularities on the slopes; however, it still maintains the rugged
characteristics of ridge tops and canyon bottoms. The second modified
hillshade is created from both the original DEM and the default hillshade in
such a way as to simulate an aerial perspective that makes the higher
elevations lighter and the lower elevations darker. These two modified
hillshade and a layer tinted DEM are displayed with transparencies to
produce an effect similar to the Swiss-style hillshade

MDOW:

As Dr. Mark of the USGS, who originally developed the model as an Arc
Workstation AML, stated: "Traditional computer-generated shaded-relief
maps emphasize structures that happen to be obliquely illuminated, but wash
out structures that are illuminated along the structural grain. This method
produces a surface that emphasizes oblique illumination on all surfaces, ...
providing more detail in areas of an image that would otherwise be
iluminated by direct light or left in darkness by a single source illumination..."
In essence, the hillshade is created by combining four hillshades generated
from 225 degree, 270 degree, 315 degree and 360 degree azimuths, all at 30
degrees altitude.



Advanced Hillshade Toolbox

Common Hillshade - The Hillshade dataset contains
shaded relief surface. The integer values enable the user
display a continuous surface of elevation, as opposed to
topography which is broken into intervals (ESRI, 2009a).

Swiss Hillshade

The Swiss hillshade effect is created using two modified hillshades that are
displayed together with a layer tinted DEM. The first modified hillshade is a
generalized hillshade produced by using a median filter on the default
hillshade - this creates a smoothing effect and generalizes the terrain to
emphasize the major geographic features, minimize the minor features, and
smooth irregularities on the slopes; however, it still maintains the rugged
characteristics of ridge tops and canyon bottoms. The second modified
hillshade is created from both the original DEM and the default hillshade in
such a way as to simulate an aerial perspective that makes the higher
elevations lighter and the lower elevations darker. These two modified
hillshade and a layer tinted DEM are displayed with transparencies to
produce an effect similar to the Swiss-style hillshade

MDOW:

As Dr. Mark of the USGS, who originally developed the model as an Arc
Workstation AML, stated: "Traditional computer-generated shaded-relief
maps emphasize structures that happen to be obliquely illuminated, but wash
out structures that are illuminated along the structural grain. This method
produces a surface that emphasizes oblique illumination on all surfaces, ...
providing more detail in areas of an image that would otherwise be
iluminated by direct light or left in darkness by a single source illumination..."
In essence, the hillshade is created by combining four hillshades generated
from 225 degree, 270 degree, 315 degree and 360 degree azimuths, all at 30
degrees altitude.



Advanced Hillshade Toolbox

Swiss Hillshade Effect — This method of hillshading uses a
layering-technique to emphasize major elevation features,
minimize minor features, and smooth out irregularities (Maples,
2007).

Swiss Hillshade

The Swiss hillshade effect is created using two modified hillshades that are
displayed together with a layer tinted DEM. The first modified hillshade is a
generalized hillshade produced by using a median filter on the default
hillshade - this creates a smoothing effect and generalizes the terrain to
emphasize the major geographic features, minimize the minor features, and
smooth irregularities on the slopes; however, it still maintains the rugged
characteristics of ridge tops and canyon bottoms. The second modified
hillshade is created from both the original DEM and the default hillshade in
such a way as to simulate an aerial perspective that makes the higher
elevations lighter and the lower elevations darker. These two modified
hillshade and a layer tinted DEM are displayed with transparencies to
produce an effect similar to the Swiss-style hillshade

MDOW:

As Dr. Mark of the USGS, who originally developed the model as an Arc
Workstation AML, stated: "Traditional computer-generated shaded-relief
maps emphasize structures that happen to be obliquely illuminated, but wash
out structures that are illuminated along the structural grain. This method
produces a surface that emphasizes oblique illumination on all surfaces, ...
providing more detail in areas of an image that would otherwise be
iluminated by direct light or left in darkness by a single source illumination..."
In essence, the hillshade is created by combining four hillshades generated
from 225 degree, 270 degree, 315 degree and 360 degree azimuths, all at 30
degrees altitude.



Advanced Hillshade Toolbox

Multi-directional, oblique-weighted, shaded-relief
algorithm (MDOW) - This method produces a surface that
emphasizes oblique illumination on all surfaces, ... providing more
detail in areas of an image that would otherwise be illuminated by
direct light or left in darkness by a single source illumination.

Swiss Hillshade

The Swiss hillshade effect is created using two modified hillshades that are
displayed together with a layer tinted DEM. The first modified hillshade is a
generalized hillshade produced by using a median filter on the default
hillshade - this creates a smoothing effect and generalizes the terrain to
emphasize the major geographic features, minimize the minor features, and
smooth irregularities on the slopes; however, it still maintains the rugged
characteristics of ridge tops and canyon bottoms. The second modified
hillshade is created from both the original DEM and the default hillshade in
such a way as to simulate an aerial perspective that makes the higher
elevations lighter and the lower elevations darker. These two modified
hillshade and a layer tinted DEM are displayed with transparencies to
produce an effect similar to the Swiss-style hillshade

MDOW:

As Dr. Mark of the USGS, who originally developed the model as an Arc
Workstation AML, stated: "Traditional computer-generated shaded-relief
maps emphasize structures that happen to be obliquely illuminated, but wash
out structures that are illuminated along the structural grain. This method
produces a surface that emphasizes oblique illumination on all surfaces, ...
providing more detail in areas of an image that would otherwise be
iluminated by direct light or left in darkness by a single source illumination..."
In essence, the hillshade is created by combining four hillshades generated
from 225 degree, 270 degree, 315 degree and 360 degree azimuths, all at 30
degrees altitude.



Basic Hillshade Dataset

® Open ArcMap

® | oad R AL Y=

...\exercise02\exercise02. T IEERITTEETEILIEEE R
mxd.project file — Z

Fezuls sl
SR S ] - e I TS
|| = 2 P

Instructor lead
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Basic Hillshade Dataset

Open ArcToolbox in ArcMap
Locate the Spatial Analyst Toolset '

Open the Hillshade tool with the -
Surface toolset. S

I™ Model shadows (optional]

2 Factor faptional)

L]
of | cocel | Environmen ts... | [Shon i 551

Input Parameters:

Input Raster: ...\exercises\exercise02\data\elevation

Output raster: ...\exercises\exercise02\hillshade

Azimuth (Angle of the light source in degrees)

Altitude (Altitude of the light source on the horizon)

Z-factor (number of ground X, y units in one surface z unit)
Instructor lead

ZUSGS




Z-factor

® A conversion factor used to
adjust vertical and horizontal
measurements into the same
unit of measure. Specifically,
the number of vertical units (z-
units) in each horizontal unit
(ESRI, 2009¢)

For a detailed explanation of the
Z-factor visit the ESRI's
Mapping Center Blog.

Note: Z-factor Calculation
1 degree = 0.0174532925 radians
Z-factor = 1.0/ (113200 * cos(<input latitude in radians>))

ZUSGS




Swiss Hillshade Effect

® | oad Toolbox:
...\exercises\exercise02\Hillshade_Tools_9.3
® Open Swiss Hillshade Model
m I'hput DEM: ...\exercises\exercise02\data\elevation
m Z-factor: 0.00000898
® Filtered Hillshade (output): ...\exercises\exercise02\fltrhishd

® Aerial Perspective (output): ...\exercises\exercise02\arlprsp

® Create Layer Group
® Set Filtered Hillshade transparency to 35%
® Verify Aerial Perspective transparency is at 0%

Instructor lead
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MDOW Hillshade

® Open MDOW Hillshade Model

® |nput DEM: ...\exercises\exercise02\data\elevation

m Z factor: 0.00000898

= MDOW Hillshade (output): ...\exercises\exercise02\modw
® Qverlay elevation dataset with 30% transparency

Instructor lead

ZUSGS




Advanced Hillshade Toolbox

Questions?

Next Exercise: Viewshed Analysis




Viewshed Analysis

Ex03

A Viewshed analysis identifies the surface area
visible from a given location based on its elevation.

400 -\ :

A\ ertical An
3 ~— Elevation Offse

Ji: %
3000 |- A

“\ “Verllca Angle 2 = - ’

soueis ) Radius 2= 50km

Instructor lead
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Viewshed Analysis

B Viewshed analysis task.

B |dentify potential sites for a relay transmission
tower between site A and B with a slope no
greater than 10 degrees.

Instructor lead
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Viewshed Analysis

" Open ArcMap EETTa—
. Load th e Se\eth:;:::s\uns you want to use,

[0 Data Interoperabiity

...\exercise03\exercise03.mxd 0 eroiil

Land Change Modeler
Maple:

project file

® Verify that the Spatial Analyst
extension is activated in ArcGIS.

B Verify that the Spatial Analyst
toolbar is visible in ArcMap.

Spatial Analyst 3.3
Copyright ©1999-2002 ESRI Inc. A1l Rights Reserved

Provides spatial analysis tals for use with raster and feature data.

o

Instructor lead
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Viewshed Analysis

B Viewshed Analysis parameters:
® Input raster: Elevation (DEM)

" Input point or polyline observation features
B Observation feature parameters defined in attribute table

® Qutput raster dataset

m Z-factor

Note: Z-factor will be 1 in this
exercise because the
elevation dataset is in an
equal-area projection.

Instructor lead

ZUSGS

r

Inpu
[Elev

Input paint or polyline chserver features

[Fie Location hw

Qutput raster

| ciltmpiviewshe_slevs
2 Factor {optional)

rronments... | show Help > |




Viewshed Analysis

® Viewshed observation feature input
parameters

® Site location SE (A):

“m OFFSETA =300 m
= OFFSETB =30 m
= AZIMUTH1 = 285°
= AZIMUTH2 = 330°
= VERT1 = 90°
= VERT2 = -90°
® RADIUS1 = 50 km (50 000 m)
= RADIUS2 = 150 km (150 000 m)

Instructor lead

ZUSGS

observation point

e
H - OFFSETA

.OFFSETB’J R

OFF SETS

AZIMUTH

s

VERTICAL ANGLE
RA{\LISZ N

(ESRI, 2009a)




observation point

Viewshed Analysis

® Viewshed observation feature input A
parameters L/ SRA
® Site location NW (B):
“m OFFSETA =300 m
® OFFSETB=30m

= AZIMUTH

OFF SETS

s

VERTICAL ANGLE

= VERT1 = 90° s

= VERT2 = -90°
= RADIUS1 = 50 km (50 000 m)
Instruct@rgg@8ius2 = 150 km (150 000 m) (ESRI, 20008

ZUSGS




Viewshed Analysis

Ex03

1.Run Viewshed analysis on points A and B
independently.

2.Apply conditional statement to identify
intersecting locations.

3.From the intersection location, identify the

areas with less than 10 degree slope.

4. Clean-up results to only show potential tower
site locations.

5.Convert the raster output to a vector point
format.

Instructor lead

ZUSGS

Step 2 conditional statement: [sitesO1] = con([Viewshed1] eq 1 and [Viewshed2] eq
1, 1,0)

Step 3 conditional statement: [sites02] = con([sites01] eq 1 and [slope] 1t 10, 1, 0)

Step 4 Setnull statement (Clean-up): [site03] = setnull([sites02] eq 0, 1)



Viewshed Analysis

Questions?

Next Exercise: Viewshed ModelBuilder Exercise




Viewshed ModelBuilder Exercise

B Open .../exercise04/exercise04.mxd project file.
® Open Toolbox in ArcMap.

® Expand the Viewshed_tools toolset.
® Open the TowerSite model in edit mode.

Instructor lead
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Viewshed ModelBuilder Exercise

Add Viewshed tool (hint: drag and drop tool
from the toolbox).

Instructor lead




Viewshed ModelBuilder Exercise

Add a second Viewshed tool.

bodel Edt View Window Help

B 8| »|we | o aolals ko v

Instructor lead




Viewshed ModelBuilder Exercise

Add the Plus tool to identify potential tower locations.
The resulting raster with pixel values equal to 2 that
represents intersecting locations between both
Viewshed analyses.

bodel Edt View Window Help

B 8| »|we | o aolals ko v

Im.
-

=3
&

@ -

Instructor lead




Viewshed ModelBuilder Exercise

Ex04

Add the conditional (Con) tool to evaluate slope raster to
identify the pixels that satisfy the slope requirements
(degree slope < 10).

Input condtional raster

Hodel Eck Wew indor b
- ] ryfa| = [slope: nput =1
=L LT Exee ) .
el < 8
=
=

=l

spph | showtel > |

i

@Y & &
/nstructor lea,

Input Conditional Raster: Slope
Expresstion: value <15

Input TRUE constant value: 1
Input FALSE constant: 0

Output Raster: conSlope



Viewshed ModelBuilder Exercise

Add another Plus tool to sum the results from the i
Viewshed analyses and the slope conditional statement.

Model Ect fYiew indow Help

2] @ L@ & el alolw=s x| ]

=
Joe]-GED
.

@

Vicweshed V5
.
L / ’ )

¢

Instructor lea,

d/

‘




Viewshed ModelBuilder Exercise

Add the Set Null tool to remove the extraneous pixels not
meeting the analysis requirements

Model Ect fYiew indow Help

RO EEREE

@ & -
/nstructor lea,

Input: Con-Slope Output
Expression: value <> 3
Input false constant value = 1

Output: %scratchworkspace%/finalCon



Viewshed ModelBuilder Exercise

Add the Raster to Point tool to convert the
qualifying pixels to a point vector layer.

Model Ect fYiew indow Help

2] @ L@ & el alolw=s x| ]

@ & -
/nstructor lea,

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr




Viewshed ModelBuilder Exercise

Save TowerSite model.

Model Ect fYiew indow Help

2] @ L@ & el alolw=s x| ]

/nstructor lea,

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Viewshed ModelBuilder Exercise

Ex04

® Open the TowerSite model in the Run mode by double
clicking the model icon in toolbox or right click on the
icon and select the “Open” option.
Confirm that the input and output information is
accurate.

Click the OK button to execute the model.

3 o
3 g
3 g
3 o

]

Envirorments... | Shaw Help »> |

Instructor lead
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Discuss the concept of using deferent datasets or changing
output locations.



Viewshed ModelBuilder Exercise

Ex04

Once the model has successfully executed, the
vector points layer will be added to the map

Computing Visiiity

N

IV Closethis dalo  ppying

Instructor lead

ZUSGS

Discuss the LOF between the two procedures.

The Raster calculator is better for one-off analysis

ModelBuilder is a better environment for a repeated process or an application that
may require detailed documentation.



Viewshed ModelBuilder Exercise

Questions?

Next Exercise: Vulnerability ModelBuilder Exercise




Vulnerability ModelBuilder Exercise

Ex05

B Protected Area Vulnerability
Exercise A

Question: Recent activity in the region
coveéring Colombia and Ecuador's border
suggests an expansion of intensive
agriculture into the closed tropical
evergreen forest. The areas of highest

vulnerability are southern facing slopes Nl
with a slope of between 0 and 10 degrees
between the elevation of 1000 m and 2000

m. Your task is to identify these vulnerable
areas within the protected areas of this

region.

Instructor lead
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Vulnerability ModelBuilder Exercise
® Open

.../lexercise04/exerise04.mxd.
® Open Toolbox in ArcMap.

® Expand the Vulnerability
toolset.

Ex05

® Open the VulnerabilityEx
model in edit mode.

Instructor lead

ZUSGS




Vulnerability ModelBuilder Exercise
Add ASPECT tool.

Ex05

Instructor lead

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology

...\exercise03\results\sites.lyr
2l

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add Slope tool.

® = &

Instructor-lead

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology

...\exercise03\results\sites.lyr
2l

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add the first of three conditional (Con) statement tool.
Set this Con tool to select the pixels that satisfy the
southern facing slopes (ASPECT) requirements
(Expression: Value > 112.5 and value < 247).

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariabl

iable i drawn in & map or on a dlobs may be defined by
referencing alayer file.

Use: the Follawing layer file:

GeaSUR_devimorkshopiexer cises) Saagatraue gl ey e e 1y




Vulnerability ModelBuilder Exercise

Ex05

Add a second Con statement tool. Set this Con tool to
select the pixels that satisfy the land cover requirement

(Expression: value = 10).

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add a third Con statement tool. Set this tool to select
the pixels that satisfies the slope requirement
(Expression: value < 10).

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add a Plus tool that sums the results from the land cover
and slope conditional tools.

® =&

lnstructbr Iea-d/

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

Tower Site Locations (Dutput) Properties i |

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:

GeaSUR_deviworkshopiexer cises) Sapa e g SYCTr




Vulnerability ModelBuilder Exercise

Ex05

Add a Plus tool to sum the results from the preceding
Plus and Aspect conditional results.

‘ rd A=
® = ®

Instructor-lead

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

Tower Site Locations (Dutput) Properties i |

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:

GeaSUR_deviworkshopiexer cises) Sapa e g SYCTr




Vulnerability ModelBuilder Exercise

Ex05

Add the Reclass by ASCII File to classify the elevation
dataset into discrete classes.

rd 4
B [ s I

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add a Plus tool to sum the results from the preceding
Plus tool and the elevation reclassification results.

® = &

lnstructbr /ea-d/

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add a Plus tool to sum the results from the preceding
Plus and Protected Area raster dataset (Protected Area
pixel values equal 1).

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

21x

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:




Vulnerability ModelBuilder Exercise

Ex05

Add a Set Null tool to remove all pixels not equal to 8.
The value 8 is the sum of the true results of the
conditional statements, the elevation reclassification,
and protected area rasters that satisfy the requirements.

® =&

lnstructbr Iea-d/

Once the model is built walk through SETTING the input and
output parameter definitions!

Discuss the concept of Model Parameters, Managed,
Intermediate data types

Show the option to set the output layer symbology
...\exercise03\results\sites.lyr

Tower Site Locations (Dutput) Properties i |

General | DataType Layer Symboloy |

How & wariable is drawn in a map or on & glabe may be defined by
referencing alayer file.

Use: the Follawing layer file:

GeaSUR_deviworkshopiexer cises) Sapa e g SYCTr




Vulnerability ModelBuilder Exercise

® Open the VulnerabilityEx model in the Run mode by
double clicking the model icon in toolbox or right
click on the icon and select the “Open” option.

® Confirm that the input and output information is
correct.

Ex05

® Click the OK button to execute the model.

Instructor lead

ZUSGS

Discuss the concept of using deferent datasets or changing
output locations.



Vulnerability ModelBuilder Exercise

Ex05

Once the model has successfully executed, a raster layer
will be added to the map identifying the locations
meeting the vulnerability requirements.

Instructor lead

ZUSGS

Discuss the LOF between the two procedures.
The Raster calculator is better for one-off analysis

ModelBuilder is a better environment for a repeated process or an application that
may require detailed documentation.



Vulnerability ModelBuilder Exercise

Questions?

Next Exercise: Generating hydrological derivatives
from the SRTM Level-1 (90 m) Dataset




Hydrological Derivative Development

® After completing this exercise, participants
should:

® Understand how hydrological derivative products can
be developed for GeoSUR project.

® Be familiar with ESRI’s ArcGIS Toolsets and Models.

® Have a general understanding of simple hydrology
modeling.


























































Hydrological Derivative Development

Ex06

= Review Results
= Review valid basins and exterior basins
* Pour point location

|
B [ I e —— RO SRR [P
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Hydrological Derivative Development

Questions?

Next Exercise: Drainage Basin delineation from
SRTM Level-2 Derivatives
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Drainage Basin Delineation
Questions?

Next Exercise: Access and use GeoSUR GP Web
Services




Accessing GeoSUR Web Services

B Access GeoSUR Geoprocessing (GP)
Web Service
® Web browser interface
. www.geosur.info
® Google Earth
® ArcGIS Explorer
B | oading Map Layer
® Access GP tool
= ArcGIS Desktop application
® ArcCatalog
= ArcMap
B Python




Accessing GeoSUR Web Services

GeoSUR Web Browser Exercise

1

. Execute the tool
. Review Results

. Open a web browser and navigate to the GeoSUR GP

services page (www.geosur.info/).

. Click the Rain Drop tool

. Provide the appropriate input




Accessing GeoSUR Web Services

Load Map Service into Google Earth (GE)

1. Determine available KML services from GeoSUR's ArcGIS
Services Directory

2. (http://lwww.geosur.info/ArcGlS/rest/services)

3. Choose a Google Earth (KML) service from the directory
and load it into GE.




Accessing GeoSUR Web Services

Loading Map Services into ArcGIS Explorer

1. Determine available map services from GeoSUR's ArcGIS
Services Directory

2. (http://lwww.geosur.info/ArcGlS/rest/services)

3. Choose a service from the directory and load that service
into ArcGIS Explorer's Toolbox.




Accessing GeoSUR Web Services

ArcGIS Explorer GP Services Exercise

1. Determine available GP services from GeoSUR's ArcGIS
Services Directory in a Web browser.

2. (http://lwww.geosur.info/ArcGlS/rest/services)

3. Choose a service from the directory and load that service
into ArcGIS Explorer's Toolbox.

4. Execute that service in ArcGIS Explorer.




Accessing GeoSUR Web Services

Loading Map Service into ArcMap

. Open ArcCatalog and connect to GeoSUR ArcGIS
Server (www.geosur.info/arcgis/services).

. Connect to the service as a user, not as a manager.
. Close ArcCatalog

. Open ArcMap and load both the maps/iirsa and
mapsliirsa_cache layers into a data-frame.

. Determine the difference between the two layers.
. NOTE: DON'T close ArcMap when you are finished




Accessing GeoSUR Web Services

Loading GP Service into ArcMap
. In the current ArcMap session, open the ArcToolbox.
. In ArcToolbox, open the “Add Toolbox...” dialog.

. Within the dialog, navigate to the GIS Servers folder and
open the “www.geosur.info” connection.

. Once connected, open the Models folder and add the
Gtopo30Hydro toolset.




Accessing GeoSUR Web Services
Loading GP Service into ArcMap

1z

With-ArcToolbox, locate the newly add
“GTopo30Hydro™ toolset and open the
Raindrop Trace tool.

. Provide the appropriate inputs and

execute.

3. Open the Create Watershed Polygon tool.

. Provide the appropriate inputs and

execute.

. Examine the result from both tools.

ArcToolbox

|£8 ArcToolbox

2 30 Analyst Tools

2 finalysis Taols

2 Cartography Tools

P Conwersion Tools

2 Dats Management Tools

2 Geocoding Tools

=& GTopo30Hydro
P Create Wiew Shed Polygon
P Create Watsrshed Polygon
g Raindrop Trace

2l Linear Referencing Toals

29 Spatial Analyst Tools

2 Spatisl Statistics Tools

& SRTM_Derivative_Toolset




Accessing GeoSUR Web Services

Advanced Web Service Demonstrations
. Exploring the GP Web service Viewshed tool.

. Exploring tools available in the GeoSUR_Derivatives Web
service.

. Incorporating GP Web services into local GP Models using
ModelBuilder.

. Accessing GP Web services in Python.
5. Basic image format conversion.
. Requests from the audience.
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