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Training Opportunity for GIS Users:
Remote Sensing for Spatial Analysts

This one-day introductory technical
training course offers spatial analysts
in the field of coastal resource
management an opportunity to
understand remote sensing
techniques by providing hands-on
computer training. By the end of the
course, attendees will:

» Understand how remotely sensed data can be used to address coastal resource
management issues,

» Be aware of the benefits and limitations of remote sensing,

» Use remote sensing data in a geographic information system (GIS) environment.

Students will use remote sensing techniques, in combination with spatial data, to
investigate issues such as land cover and change detection. Familiarity with ArcGIS
is required.

Remote Sensing for Spatial Analysts
March 18, 2010
University of Mary Washington, Center for Professional & Graduate Studies

This course is from the training curriculum developed by the National Oceanic and
Atmospheric Administration Coastal Services Center.

Instructor: Shan Burkhalter
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Course Outline
GWRC Workshop:
* Land Cover Change and Analysis

* Remote sensing techniques for land cover and change analysis
* Remote sensing techniques for land cover and change analysis
* Image acquisition and processing

* Image difference change detection

* Supervised image classification

* Unsupervised image classification and change analysis

* Post classification change analysis

Additional Training Reference Material:
*Benthic Habitat Mapping

* Management issues and benthic habitat

* Remote sensing of benthic habitat

* Image rectification, transformations and re-sampling
* Aerial photograph rectification

* Principles of photo interpretation and mapping

* Sea grass habitat delineation

* Coastal Ocean Monitoring

* Management issues and coastal ocean remote sensing

* Data availability and formats

* Sea surface temperature

 Extracting SST values and defining temperature habitats

* Ocean color

 Using ocean color imagery to determine monitoring strategies

* Coastal Topographic Applications

* Topographic management issues

* Topography and accuracies

* Methods for measuring topography

* Determining the setback line in a barrier island community
* Comparing topography data for land-use decisions
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Remote Sensing for Spatial Analysts
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Remote Sensing for Spatial Analysts

Instructor introduction
Name and educational background
Remote sensing experience

Student introductions
Name
Organization
Remote sensing experience
Two expectations from this class

NOAA Coastal Services Center
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Remote Sensing for Spatial Analysts

Overview

— Introduction
— Exercise: Working with Rasters

— Land Cover and Change Analysis
— Exercise: Image Acquisition and Processing
— Exercise: Image Difference Change Detection
— Exercise: Supervised Image Classification
— Exercise: Unsupervised Image Classification and Change Analysis
— Exercise: Post Classification Change Analysis

— Summary

NOAA Coastal Services
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* Understand the utility
of remote sensing in
coastal applications.

Recognize the benefits
and limitations of
remote sensing.

Examine remote
sensing data in a
geographic information

Visible oblique aerial photo, Assateague Island,

system (GIS). Maryland.

GWRC CZM Grant, Task 12.02, Part 1 2



IKONOS multispectral image, April 16, 2001
Nikomaroro Atoll, Republic of Kiribati.

NOAA Coastal Services Center

A Definition

Remote sensing is the
science of gathering
information from a
distance.

Why Use Remote Sensing?

Remote sensing can

provide
data in areas not suited to in
situ sampling
a synoptic, “big-picture” view
consistency of data
coverage

— intime

— in space
a backdrop for other data

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 1

March 18, 2010



135y,

March 18, 2010

Sitka Gyre

» Shipboard sampling
— 3 cruises
— 21 days
— $210,000
* 3-hour interval

1/2-hour interval
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Sitka Gyre

— 3cruises
— 21 days

— $210,000
3-hour interval

* Shipboard sampling

1/2-hour interval
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1/2 Hour
2
¥

Sitka Gyre

* Shipboard sampling
— 3cruises
— 21 days
— $210,000

e 3-hour interval

e 1/2-hour interval

NOAA Coastal Services Center

Coastal Zone Color Scanner,
May 15, 1979

Sitka Gyre

* Shipboard sampling
— 3 cruises
— 21 days
— $210,000

e 3-hour interval

e 1/2-hour interval

NOAA Coastal Services Center
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Short-range weather forecasting and
description of current conditions

Daytime clouds
and seaice

Water vapor

Sea surface
temperature

Short-range weather forecasting and
description of current conditions

Daytime clouds
and sea ice

Water vapor

Sea surface
temperature
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Short-range weather forecasting and
description of current conditions

Daytime clouds
and sea ice

Water vapor

Sea surface
temperature

NOAA Coastal Services Center

Fundamental Remote Sensing Concepts

Process

Sensors
Platforms

Orbits
Spectrums

Data Structures
Resolution/Scale
Rectification
Trade-offs

e -
SeaWiFsS true color image.

NOAA Coastal Services Center
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The Remote Sensing Process

. Energy source

. Transmission through a
medium

. Interaction with the target

. Recording of energy by
sensor

. Transmission, reception,
and processing

. Interpretation and analysis
. Application

NOAA Coastal Services Center

Active sensors
propagate energy toward
the target and record the
reflected response.

Sensor Types

Passive sensors

record energy produced
by the sun or earth that is
reflected or emitted back
to the sensor.

A

NOAA Coastal Services Center
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Spaceborne Platforms

Advantages
» Consistent revisit
- Potential large-area coverage

Common Sensors
SPOT
IKONOS
RADARSAT
Indian Remote Sensing
Landsat
SeaWiFS
GOES

AVHRR L e A e T
Sea surface temperature image provided by the Advanced Very High
Resolution Radiometer (AVHRR) aboard the POES system.

NOAA Coastal Services Center

Satellite Orbits

Polar orbital path and global coverage.

* Geostationary Orbits

» Polar Orbits
— Sun-synchronous orbits

GOES global coverage.
NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 1 9
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Airborne Platforms

Advantages of Airborne Common Data
Platforms Sources

* Flexible geographies Aerial photography

* Flexible timing or conditions Digital camera imagery
* Multiple-sensor packages LIDAR

RADAR

Hyperspectral Sensors
(e.g., CASI, AISA)
Videography

DMC mosaic of Grand Bay NERR,
Mississippi

Shipboard Platforms

Advantages of Shipboard Common Sensor
Platforms Types

Flexible geographies * Acoustics
Opportunity for real-time field * Laser line scanners
reference collection « Underwater video

Multiple-sensor packages

Diagram of a ship with a multibeam sonar and
A side-scan sonar towfish.

Bathymetry derived from multibeam sonar data.

GWRC CZM Grant, Task 12.02, Part 1 10



Electromagnetic Spectrum

0.03A—400 A

400 A —0.4 um

0.4um —
0.7um

0.7 um — 0.1cm

0.2cm — 20cm

18cm — 3 x 10°m,

X Rays

Ultraviolet

Increasing Wavelength

Infrared

Microwave

Increa

Radio

sing Frequency

Different sensors detect different wavelengths of the
electromagnetic spectrum.

Sensors, Wavelengths, and Applications

0.03A-400A

400 A — 0.4 um

0.4um —
0.7um

0.7 um —0.1cm

0.2cm — 20cm

18cm — 3 x 10° m,

X Rays

Ultraviolet

Increasing Wavelength

Infrared

Microwave

Increa;

Radio

sing Frequency
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Panchromatic visible imagery

One broad band shown in black

and white

Black and white aerial
photograph of volcanic calderas
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Sensors, Wavelengths, and Applications

0.03 A 400 A

400 A—0.4 um

0.4pm —
0.7um 0.7 um — 0.1cm

0.2cm — 20cm 18cm — 3 x10°m,

X Rays

Ultraviolet

Increasing Wavelength

Infrared

Microwave Radio

Increaging Frequency

LNk G PECIL O ECHNOLOG Y

Multi-spectral visible imagery

3-band pseudo true-

composite

color

IKONOS 4-m imagery of Hong

Kong

Sensors, Wavelengths, and Applications

0.03A-400A

400 A —0.4 um

0.4um —
0.7um 0.7 um — 0.1cm

0.2cm — 20cm 18cm — 3 x 10° m,

X Rays

Ultraviolet

Increasing Wavelength

Infrared

Microwave Radio

Increasing Frequency

NOAA Coastal Services Center
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Multi-spectral visible/infrared imagery

3-band false-color composite

Landsat Thematic Mapper data
senses the visible, near-infrared, short
wave infrared (2 bands), and thermal

infrared

March 18, 2010
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Sensors, Wavelengths, and Applications

0.4pm —

0.03 A — 400 A 400A -0.4um  0.7um 0.7 um — 0.1cm

0.2cm — 20cm 18cm — 3 x10°m,

X Rays

Increasing Wavelength

Ultraviolet Infrared

Microwave Radio

| VISIDIE

Increaging Frequency

Panchromatic visible imagery

One band shown in black and

white

\olcanic calderas

Sensors, Wavelengths, and Applications

0.03A-400A

0.4um —
400 A—0.4ym  0.7um 0.7 um — 0.1cm

0.2cm — 20cm 18cm — 3 x 10° m,

X Rays

Increasing Wavelength

Ultraviolet Infrared

Microwave Radio

Increasing Frequency

—

GWRC CZM Grant, Task 12.02, Part 1

Radar imagery

Strength of return shown:

high

return, white; low return, black

3 shuttle Imaging Radar

March 18, 2010
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Graphic courtesy of Daniel L. Civco, University of Connecticut

NOAA Coastal Services Center

Surface Interactions

Remote sensing is based
on the interaction of
electromagnetic energy
with a surface.

(I) Incoming radiation is either

¢ (R) reflected from or re-
emitted by,

e (T) transmitted through, or

¢ (A) absorbed by a feature
at a given wavelength.

Image Structure: Raster/Grid

Data are stored as a
picture element, or
pixel. Each pixel has a

3)

4
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Data Product: Raster or Vector

" i i - Avalueis
B Pt assigned to
Graphics courtesy of Daniel L. Civco, University each place

of Connecticut . )
in the grid.

NOAA Coastal Services Center

Spatial resolution
is the size of the
smallest object or
feature detectable
by a given sensor
system.

» Defined by pixel
size in digital
imagery
Combination of film
resolution, contrast,

lens, and scale for
analog imagery

GWRC CZM Grant, Task 12.02, Part 1

Vector

Point - a single
X,Y pair displayed
using a symbol.

Line - a string
of connected
X,Y pairs.

Polygon - a set
of X,Y
coordinates
that enclose an
area.

Spatial Resolution

March 18, 2010
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Standard spatial
resolution
examplesat 1to 1

Va-meter

0.25m
1/100t mi2

Standard spatial
resolution
examplesat1tol

600 Pixels

0.093 Miles

600 Pixels

GWRC CZM Grant, Task 12.02, Part 1

1/100t mi2

0.373 Miles

March 18, 2010
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Standard spatial
resolution
examplesat 1to 1

5-meter

5m
3.5 mi?

LINK PG PEGPLE INFORMATION, AND TECHNGLO G Y

Standard spatial
resolution
examplesat1tol

10-meter

10m
14 mi2

600 Pixels

LINKBdGs PECPLE INFORMATION, AND TECHNGLD G Y
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1.85 Miles

600 Pixels

3.75 Miles

March 18, 2010
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Standard spatial
resolution
examplesat 1to 1

30-meter

600 Pixels

30m
120 mi?

11 Miles

Resolution versus Coverage

* White box
represents a Digital
Ortho Quarter Quad

— 3.5 miles across

* Image is one full
Landsat Enhanced
Thematic Mapper
(ETM) scene

— 100 miles across

GWRC CZM Grant, Task 12.02, Part 1
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Landsat 7

Indian
Remote
Sensing

SPOT

WorldView1

QuickBird 2

IKONOS

OrbView 3

Coastal

LNk et PECPLE INFORM ATION

185 by 170 km
30m multispectral
15m panchromatic

145 by 145 km
25m multispectral
5m panchromatic

60 by 60 km
20m short wave IR
10m multispectral
2.5m panchromatic

17.6 km Swath
.5m panchromatic

16 km Swath
2.5m multispectral
.75m panchromatic

11 by 11 km
4m multispectral
1m panchromatic

8 by 8 km
4m multispectral
1m panchromatic

AND [ECHNDLOGY

Selected Satellite Footprints

Map Scale

The scale of an image
or map is the
relationship between
distances measured on
the image and the
corresponding distance
on the ground.

Large map scale,
objects appear larger.

Small map scale,
objects appear smaller.

NOAA

LINKBaGs PECGPLE INFORM ATION

AND [ECHNDLO G Y
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Spectral Resolution

Spectral resolution
is the number and
width of bands of
electromagnetic
energy detectable
by a sensor system.

Reflectance

Blue Green Red Near IR

Reflectance

Green Red Near IR

Landsat 5 Thematic Mapper Spectral
Band/Channel Examples

e RS
o -

Band 2 (green_)'

Band 5 (shortwave-infrared
i % 48 -

GWRC CZM Grant, Task 12.02, Part 1
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Spectral Composites

Different spectral bands can be combined to produce images
that portray varying degrees of spectral sensitivity. These
composite images are categorized by two types: 1) true color
or 2) false color composite.

Red Image
Plane

== band 2
Green Image e >
Plane — o 1~\band 1

Blue Image o = i
Plane e .
Electromagnetic spectrum
Graphic courtesy of Daniel L. Civco , University of Connecticut

NOAA Coastal Services Center

True Color Spectral Composites

GWRC CZM Grant, Task 12.02, Part 1
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False Color Spectral Composites

NOAA Coastal G Center CRT color guns

Temporal Resolution

AVHRR'§ST, "~
Qetaber 14, 200
g A

Temporal
resolution is the
number of images
obtainable for a : ; .
given area over a T i
given time-frame. s

NOAA Coastal Services Center
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HNOAY ConstWatch

GOES — 8 FRes: 8 km
Sea Surfoce Temperature
24—hour composite
DM: 241 {B/29,/2001)
Time: 0000 — 2400 GMT

Radiometric Resolution

8-bit color ramp _———II—_——
Radiometric 24-bit color ramp -—_—

Resolution is the
number of bins
into which a
spectral
measurement in a
given band or
channel can be
assigned.

24-bit display

GWRC CZM Grant, Task 12.02, Part 1
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Image Rectification

Image rectification is the process of
assigning real-world coordinates to
image pixels.

Seavgl"i‘!-'-S_.. “
NOAA Coastal Services Center

Rectification Types

Registration - The process of relating two spatial data sets to each
other. No coordinate system needed.

Georeferencing - The process of assigning map coordinates to already
projected spatial data.

Rectification - Involves warping an image to fit a given projection.

Ortho-rectification - Rectification process that includes elevational data
and corrects for terrain displacement.

Source: ERDAS Field Guide

NOAA Coastal Services Center
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Remote Sensing Decision Criteria

Application

— Can remote sensing help solve the problem?
— Can it detect the features I'm concerned with?

Logistics and Finances
— Where can | get the imagery?
How long does it take to obtain? To process?
Is it compatible with my other hardware, software, data, etc.?

Where can | go for expertise in processing and
interpretation?

How much does it cost?

Spatial Resolution
Spectral Resolution

Processing Software

Data Availability

Data Restrictions

Infrastructure
Considerations

GWRC CZM Grant, Task 12.02, Part 1

Costs and Benefits Continuum

High Detail Limited Coverage

Increased Information Complex Processing

Advanced Analysis Capability High Skill Requirement

Few Sources of Imagery Near Real-Time Downloads

Single-User Licenses Unlimited Distribution

In-House Capacity Contracted Service

March 18, 2010
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Exercise 1: Working with Raster Data

Objectives

* Understand the display
techniques for multiband e et
continuous data. [
Inspect the display o e
characteristics to improve
interpretation or features.

(DS b cpeter B &[4 B2 B X |0 o |[i1577 -
e ] .

= £ Layers

Steps

< Display a remote sensing
image in ArcGIS.
Humbwes of roms: 2548

Manipulate the display of et I
spatial and spectral Soewe ot Conoms

Sounce tupe: Continuous Compeestion:
unsigeed inanges Dk depth [bits}

characteristics. Finnsic

Coriral_Mosaiare 177 OO0
Scle_ Factor 097600

Humber of columns:

NOAA Coastal Services Center

ArcGIS Interface

E? ArcGIS Desktop Help

File Edit View Go

— Standard Tools
=2 i I

Hide  Back Fowad  Pint  Opfions

Conters | indes | Search| Favores |

Welcome to ArcGIS Desktop Help

ArcGIS Desktop applications & Getting help »
Additional resources

7] Welcome to ArcGIS Desktop Help
& Copwright informnation
] GIS glossay

I =

@ what's new in AreGIS Desktop 31 —

ArcGIS Desktop applications on

ArcMap—Lets you view, create, and query maps, as
well as edit data,

b Gef started with Archap

¥ Learn how to edit in ArcMap

@ What was new in ArcfilS Deskiop 3.0
@ Gelting started

@ Deskiop Administrator

@ HicCatalog

@ frcMap

@ Geoprosessing inthe AreGIS envionment
@ Geoprocessing ool reference

@ Buiding 5 geodatabass

@ Ediingin ArcMap

@ Geocoding

@ Linear teferencing

@ Map projections

@ ‘wiiting geoprocessing seripts

@ Customizing the user interface

ArcCatalog—Provides data access and spatial data
management tools, including the reading and creation
of metadata,

¥ Get started with ArcCatalog

Data Frame

Geoprocessing (including ArcToolbox)—Embedded
in &rcMap and ArcCatalog, the new geoprocessing
functionality provides an environment for performing
geographic information system (GIS) analysis.
Geoprocessing tools are organized into toolboxes and

@ Migrating from Arciiew GIS 3o ArcView 9

@ Migrating from Arclnfo Workstalion to ArcHlS Deskiop
@ ESRI Data & Maps

@ Euterrsions

@ Gelting mors help

@ Help for developers

toolsets within ArcToolbox. They can be used
individually or in combination in models and scripts to
perform many GIS analysis tasks including data
conversion,

b Get started with geoprocessing

2

NOAA Coastal Services Center
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Working with Raster Data in ArcGIS

Consider environmental settings such
as the directory path to your data,
standard protocol for displaying types
of data, and what tools or extension will
be needed.

Data c:\rs_training\intro
Toolbox c:\rs_training\tools

Scratch c:\rs_training\intro

When working in ArcMap, intermediate
data sets are often created. Setting the
scratch workspace gives the user
control over where these files are
stored.

options 21

Raster | ©CAD | TableOfComents |  Dalalnteroperabity |
Geeral | Dataien | LaouWiow  Geopocessng | Tables

¥ Overwite the outputs of geopracessing operations

[V Log geopracessing operations to a histom mode!

My Took
Specily the localion of the My Toolberes'folder,

|c rs_tiaininghT ooks

Reset

a0

Change the curent sellings. Erwiionments. I‘

v _when connecting elements, display valid parameters when mare

% General Setlings
Current Workspacn:
BT o

Serabch Werkspace
[ e _tranegintre

o |

NOAA Coastal Services

Working with Raster Data in ArcGIS

Set default RGB band combinations
to establish standard viewing
parameters for multi-band raster data.

3 band data source, RGB =3,2,1
4 or more band data source, RGB =4,2,1

ik-ms_paga_1-1-01.img
RGE

MRed: Layer 4

[ Green: Laver_2

Bl Layer_ 1

ik-ms_pago_1-1-01.img
RGE

MRed: Layer 3

[ Green: Layer_2

MBluz: Layer_1

opeions Il
General | DataView | Layout Wiew | Geopracesting | Tables |
Raster | CaD | Table Of Contents | Data Interoperability
Default RGE Band Combi
3band data source

Red: 33: Greer: 23 Elue: 13:

4 or more band data source
Red. 43: Green: 23: Blue: 1 3:

General | Raster Catalog Layell

- Buid Pyramid Dislag Setting:

' Always prompt for pyramid caleulation
© Always build pyramids and dor't prompt in the future
£ Mever build pyramids and don't prompt in the future

File Formats...

- Projection Accuracy Setting:

I™ Favar rendering speed over accuracy

QK I Cancel

GWRC CZM Grant, Task 12.02, Part 1

March 18, 2010

27



Data Type

Continuous Data are represented by a general
gradation of values. In the case of 8-bit (28) data there
would be 256 values (0-255). For most raw remotely
sensed imagery, these values represent brightness, i.e.,
the amount of energy reaching a sensor that is reflected
or emitted from the earth’s surface.

E £F Layers
= waisnae_gb_11-30-02.img A
RGE Composite
=23d‘ L:VEL‘; = Latitude ;3247 5280N
reen: Layer : 2 :
Wl Layer 1 } Longitude | 79 56 00.17 w
‘Laper 1 ¢ BR
Laper 2 ¢ 26
Laper 3 ¢ 34
Layer 4 ¢ 24
a0 %4 o
| |5a7585.4 2365236.6 Meters y

Display

NOAA Coastal Services Center

Data Type

Thematic Data represent a discrete range of values,
i.e., categories in a thematic map. Only one value per
pixel is displayed. ArcView stores all of the categories
in a single band. This data type is generally used to
represent some value-added procedure applied to raw
remotely sensed imagery.

= £F Layers
BEE b classified img

Class_Names

[lBare Land

[ Cultivated

[CDeveloped

M Forsst

[ Grassland

I ater

[ wetland j

Display -

32470H280N

FIERO017 W

2

105331.00

1333.00

Loy (o Names

High Intensity D e

C-CAP Red

1.00

C-CAP Green

1.00

| C.CAP Blue

1.00

| [senise.98" 2508 ThS 40 fekers ]

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 1

March 18, 2010

28



Spatial Characteristics

Spatial Resolution indicates
the size of each picture
element (pixel).

Raster Resolution is the ratio
of screen pixels to image
pixels.

Map Scale is the ratio of units
on a map, or in this case an
image display, to units on the
ground.

NOAA Coastal Services Center

Raster Resolution
|

Scale box
\

& _Untitled - ArcMap - Arc'liew

Fle Edit View Insert Sefection Tools Window Help

Z8l-1o1 x|

CEEEET LEEAY LY T

0 &+ cipraster | 5‘ 4 By @ X ‘ Po” “1:!5,119 - ‘
! — 1

£ £ Layers

5 Propesties..

IKONOS Multispectral

Island of Tutuila,
American Samoa.

Display [ Source]

b

[ 3168 4

Navigation and Raster Effect Tools

Effects

Laer: [ik-par_pago_1-1-0.img

=

=
o
=
&

&
2

Z00M TOOIS e

uw
an
"n
P

Pan  =—

Previous EXtent g

o =[+]=
i

i3

Layers
=]

= M ikms_pago_t-1-01.img

ik-pan_pago_1-1-01.img Swipe
Value

High : 255
Lows 3

RGE
MRed: Layer_4
[ Green: Layer 2
MEue: Layer 1

- AR RN O

",
153

ol
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Image Display Resampling

Nearest Neighbor takes the value
of the closest pixel.

Bilinear Interpolation pixel values
are determined from the output
average of a 2 by 2 pixel filter.

Cubic Convolution pixel values
are derived from the output
function of a 4 by 4 pixel filter.

NOAA Coastal Services Center

Image Display Resampling

Nearest Neighbor takes the value
of the closest pixel.

Bilinear Interpolation pixel values
are determined from the output
average of a 2 by 2 pixel filter.

Cubic Convolution pixel values
are derived from the output
function of a 4 by 4 pixel filter.

NOAA Coastal Services Center
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Image Display Resampling

* Nearest Neighbor takes the value

of the closest pixel.

Bilinear Interpolation pixel values
are determined from the output
average of a 2 by 2 pixel filter.

Cubic Convolution pixel values
are derived from the output
function of a 4 by 4 pixel filter.

NOAA Coastal Services Center

Layer Properties

» Band combinations
RGB image planes

Brightness
Contrast
Histogram stretch

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 1

Spectral Characteristics

Layer Properties

General| Seurce | Etent| Display Symbology |
Showe

W |Draw raster as an RGB composite

Channel [ Band =

Red Layer_4 =
Green Laper_2 [~
Blue Layer 1 [+
™ Display Background Value:(R, G. B] o o 0 as |+
Display NoData as T

~Stretch

Type: | Standard Deviations +|  Histogisms
i 2 ™ lIrwvert

Statistics: | From Each Raster Dataset [
Uses the statistics from the entiis raster dataset.

oK. I Cancel | Apply |

March 18, 2010
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Image Histogram

Number of Pixels

0 ~——Brightness Values —— 255
Dark Bright

NOAA Coastal Services Center

Image Histogram

Image Histogram

Histogram Stretched for Display

Number of Pixels

Display Bins

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 1
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Exercise 1: Working with Raster Data

Objectives

» Understand the display techniques for multiband
continuous data.

* Inspect the display characteristics to improve
interpretation of features.

Steps

» Display a remotely sensed image and manipulate the
display of spatial and spectral characteristics.

* Apply image enhancement techniques to improve the
ability to interpret features in the image.

NOAA Coastal Services Center

Exercise 1. Summary:

Skills practiced

— Band combination display using combinations of the red, green,
and blue image planes.

— Spatial resampling techniques.
— Histogram stretches to enhance features.
Important things to remember

* ArcGIS tools support basic raster image processing functions such as
importing, viewing, and spectral/spatial image enhancements.

Additional raster analysis functions used to derive thematic and
quantitative information from continuous imagery are available with
the ESRI Spatial Analyst Extension.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 1
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Exercise 1. Summary:

Continuous data are represented by a general gradation of values and
usually represent brightness values.

Thematic data are discrete in that they display only one value per pixel.

A false-color composite, with the NIR band displayed in the red image
plane is the most commonly used method for displaying terrestrial
remote sensing data. Vegetation appears red in this band combination.

Three image resampling techniques can be applied to an image display:
nearest neighbor, bilinear interpolation, and cubic convolution.

For each spectral band, every pixel is assigned a brightness value. The
range of pixel values may not take up the full range of available display
bins but can be adjusted by performing histogram stretches.

Land Cover and
Change Analysis

GWRC CZM Grant, Task 12.02, Part 1 34
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Land Cover and Change Analysis

Overview
* Coastal Issues of Concern e Exercises
~ Urban Growth 1. Image Acquisition and
— Resource management Processing
¢ Management Needs 2. Image Difference Change
— Resource Inventory Detection
— Analysis of Landscape Change 3. Supervised Image Classification
* Remote Sensing Solutions 4. Unsupervised Image
Classification and Change

— Image Analysis
— Image processing techniques
— Applications

Analysis

5. Post Classification Change
Analysis

NOAA Coastal Services Center

Coastal Issues of Concern

Urban Growth in the Coastal Zone

» Greater than 50 percent of the U. S. population lives
within 100 miles of the coast

* 3,500 new residents move into the coastal zone each
day

« Competition for land and water resources continues
to increase

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 1



Resource Management

Protect natural resources

natural hazards

coastal resources

making

NOAA Coastal Services Center

Protect and restore coastal water quality

Coastal Issues of Concern

* Manage coastal development to reduce the impact of

» Support comprehensive planning and management of

» Coordinate and simplify governmental decision

Resource Inventory

Habitat Types

— Wetlands
Estuaries

— Forests

— Dunes

— Barrier islands

Benefits

— Air and water quality
Habitat
Hazard mitigation
Recreation
Cultural and economic resources

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2

Management Needs

Land Cover Categories
I High Density Developed
W | ow Density Developed
Emm Cultivated Land

Grassland
= Deciduous Forest
BEEE Evergreen Forest
S Mixed Forest
E== Scrub/Shrub
= Palustrine Forest
[0 Palustrine Scrub/Shrub
EEE Palustrine Emergent
BN Estuarine Emergent
Unconsolidated Shore
Bare or Disturbed Land
N Water

March 18, 2010
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Management Needs

Landscape Change
Habitat fragmentation
Loss of wetlands
Loss of forest buffers

Expansion of impervious
surfaces

Management Needs

Landscape Change
Habitat fragmentation
Loss of wetlands
Loss of forest buffers

Expansion of impervious
surfaces

GWRC CZM Grant, Task 12.02, Part 2 3



Landscape Change
Habitat fragmentation
Loss of wetlands
Loss of forest buffers

Expansion of impervious
surfaces

NOAA Coastal Services Center

Management Needs

Trend Analysis

& High Intensity Developed
—a— Low Intensity Dewveloped
—a— Cultivated Land
Grassland

—x— Forest Land

—e— Scrub/Shrub

—+— Palustrine Forest
Palustrine Scrub/Shrub

—— Emergent Marsh Wetland|
Unconsolidated Shore
Bare Land

—a— Water

Land Cover Category

1990 | 1995

High Intensity Developed

235 255

Low Intensity Developed

435 524

Cultivated Land

16| 16|

Grassland

2,127 2,303

Forest Land

4,339 4,396

Scrub/Shrub

6,752 6,549

Palustrine Forest

3,847, 3,607,

Palustrine Scrub/Shrub

477| 561

Emergent Marsh Wetland

4,340 4,252

Unconsolidated Shore

30] 30]

130 233

Bare Land
\Water

3,104 3,104

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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1980 1990

2000

Trend Analysis

1972

© High Intensity Developed
—a—Low Intensity Developed
=—i#— Cultivated Land

Grassland

—s—ForestLand
== Scrub/Shrub
~——Palustrine Forest

Palustrine Scrub/Shrub

———Em ergent Mars h Wetland
Unconsolidated Shore
Bare Land

NOAA Coastal Services Center

1980 1990

2000

Trend Analysis
1986

High Intensity Developed
—s—Low Intensity Developed
—i—Cultivated Land

Grassland

—s—ForestLand

—+—Scrub/Shrub

~—Palustrine Forest
Palustrine Scrub/Shrub

——Em ergent Mars h Wetland
Uncons olidated Shore
Bare Land

NOAA Coastal Services Center
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1980 14980

2000

Trend Analysis

1990

© High Intensity Developed
—a—Low Intensity Developed
=—i#— Cultivated Land

Grassland

—s—ForestLand
== Scrub/Shrub
~——Palustrine Forest

Palustrine Scrub/Shrub

———Em ergent Mars h Wetland
Unconsolidated Shore
Bare Land

NOAA Coastal Services Center

1980 1990

2000

Trend Analysis
1995

High Intensity Developed
—s—Low Intensity Developed
—i—Cultivated Land

Grassland

—s—ForestLand

—+—Scrub/Shrub

~—Palustrine Forest
Palustrine Scrub/Shrub

——Em ergent Mars h Wetland
Uncons olidated Shore
Bare Land

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Trend Analysis
2000

1980 1990 2000

© High Intensity Developed —s«—ForestLand ———Em ergent Mars h Wetland
—a—Low Intensity Developed —+—Scrub/Shrub Uncons olidated Shore
—4—Cultivated Land ~——Palustrine Forest Bare Land

Grassland Palustrine Scrub/Shrub

NOAA Coastal Services Center

Land Cover Change Results
1972 to 2000 Graph

100,000
¢ High Intensity Developed

—a—Low Intensity Developed

—i— Cultivated Land

Grassland

—#—Forest Land
—e—ScrubiShrub
—+—Palustrine Forest
Palustrine ScrubiShrub
———Emergent Marsh Wetland
Unconsolidated Shore

Bare Land

1980 1990 2000

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 7



1972 to 2000 Graph

Linear Trend Line - Forecast Forward 10 years

100,000

~ R?=08347

¢ High Intensity Developed
—a—Low Intensity Developed
—i— Cultivated Land
Grassland
—s—ForestLand
—e—ScrubiShrub
——Palustrine Forest
Palustrine Scrub/Shrub
——Emergent Mars h Wetland
Unconsolidated Shore

Bare Land

NOAA Coastal Services Center

1990

2000

1972 to 2000 Graph

Linear Trend Line - Forecast Forward 10 years

100,000

1980

1990

2000 2010

¢ High Intensity Developed

R2=0.8347
—a—Low Intensity Developed

R?=0.9231

—i— Cultivated Land
Grassland

—s+—ForestLand

R2=0.3711

—a—ScrubiShrub

R?=0.2166

—+—Palustrine Forest
Palustrine ScrubiShrub

———Emergent Marsh Wetland
Unconsolidated Shore

Bare Land

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Remote Sensing Solutions

A remotely sensed image is essentially a map. Itis a
picture that captures the location and state of Earth
surface features at an instance in time.

NOAA Coastal Services Center

Cultural Resources

x
1 meter Color Infrared Digital Ortho Quarter Quad

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 9



GWRC CZM Grant, Task 12.02, Part 2

Historical Resources

0.25 meter Color Infrared GeoVantage GeoScanner

Natural Resources

2 Y W—\

=RGB) Landsat Thematic Mapper

March 18, 2010
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Unigue Resources

L "J' .

¢| 30 meter Color Infrared (4,5,3=RGB) Landsat Thematic Mapper

LINKBiG FECPLE INFORMATIIN, ANG FECHNGLOG Y

LINKBiG FEGPLE INFORMATIIN. AND TECHNGLOG Y

GWRC CZM Grant, Task 12.02, Part 2

Land Use Patterns

March 18, 2010

11



1989

30 meter Short-Wave Infrared (7=G) Landsat Thematic Mapper

LINKBdGs PECPLE INFORMATION, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 2

2009

30 meter Short-Wave Infrared (7=R) Landsat Thematic Mapper

March 18, 2010
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Landscape Change

1989-2009

| 30 meter Short-Wave Infrared (1989=G, 2009 = R) Landsat Thematic Mapper

LINKBiG FECPLE INFORMATIIN, ANG FECHNGLOG Y

wa+ ez =%
Line measurement
Segrent: 572.527832 Feet
Length: 572.527632 Feet

| 30 meter Short-Wave Infrared (1989=G, 2009 = R) Landsat Thematic Mapper

LINKBiG FEGPLE INFORMATIIN. AND TECHNGLOG Y

GWRC CZM Grant, Task 12.02, Part 2 13



Remote Sensing of Vegetation

* About 70 percent of the Earth’s land surface is
covered with vegetation

Multispectral sensing devices are well suited to
analyze the characteristics of vegetation

Scientific and commercial applications of remote
sensing analysis include agricultural land
management and wetland delineation

NOAA Coastal Services Center

Multispectral Characteristics of Vegetation

= Healthy Vegetation

|~

» Chlorophyll absorption
in the blue and red
portions of the spectrum

Bare

= \Nater

High reflectance of
near-infrared radiation

Reflectance

Inverse relationship
between red and near-
infrared

| | |

550 650 750 850

Wavelength (nm)

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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True Color Composite

LINK PG PEGPLE INFORMATION, AND TECHNGLO G Y

Enhanced Thematic Mapper, RGB =4, 5, 3

LINKBdGs PECPLE INFORMATION, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 2 15
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Land Cover Classification

Developed
Grassland
Forest
Wetland
Bare Land

Water

NOAA Coastal Services Center

Land Cover Classification

Coastal Change Analysis Program
Land Cover Categories

High Density Developed
Low Density Developed
Cultivated Land
Grassland

Deciduous Forest
Evergreen Forest
Mixed Forest
Scrub/Shrub

Palustrine Forest
Palustrine Scrub/Shrub
Palustrine Emergent
Estuarine Emergent
Unconsolidated Shore
Bare or Disturbed Land
N \Vater

AL

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 16
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Land Cover Analysis Tools

HPP
Habitat Priority Planner

Features

Inventories specific habitat or land-use

Helps to identify priority locations for types relevant to the site in question

conservation and restoration planning Assesses target habitat or land-use type

(extension to ArcGIS with Spatial Analyst) conditions with a process that automates
the pre-packaged spatial analysis metrics

Analyzes "what if" scenarios such as the
impact of new development or how
restoration might change owerall habitat
function; participants can quickly and easily
set the parameters—and change them as
needed

Gets people involved thanks to the fast,
interactive environment this easy-to-use
system provides

Creates maps, reports, and data tables to
enhance comrmunication and the decision-
making process

Land Cover Analysis Tools

ISAT
Impervious Surface Analysis Tool
Calculates the percentage of impervious

surfaces for a selected geographic area
(extension to ArcGIS with Spatial Analyst)

Relationship between impervious cover
and stream quality
60 Features
50 Calculates the percent impervious area
40 and total impervious surface area of sach
selected polygon
30

Categorizes polygons to represent
Impacted (11-25%) conditions of good, fair, and poor water
quality based on calculated imperviouzness

Watershed impervious cover (%)

Eair Incorporates land cover change scenarios
to examine how changes influence impervious
surfaces

Level of stream quality

After: Schueler et al., 1992

NOAA Coantal Services

TECHNDLO G ¥
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Land Cover Analysis Tools

N-SPECT
Nonpoint-Source Pollution and Erosion Comparison Tool

Impervious surfaces prevent infiltration, increase runoff quantity and intensity, and
increase sediment and pollutant loads to water bodies.

Features

Provides projections and maps of surface
water runoff volumes, pollutant loads,
pollutant concentrations, and total sediment

loads
Helps users see areas that might benefit
frarm changes to proposzed development

strategiss

Processes digital elevation data quickly
and easily

Provides a means to analyze "what if' land

use Change sCcenaros

Land Cover and Change Analysis

7

~." | 197410 1999 Change mask ;]

1974 to 1999 Thematic
Change Matrix

1374 | Derinped | esstiend | Fown | oot | Brn Lund | ome

{

JHOELE

- -
%] 1999 Classified Change Mask t 1974 Classified

NOA4 Coantal &

OH, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 2
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Land Cover and Change Analysis

This section will introduce image acquisition and processing
for land resource mapping and change detection.

* Exercise 1
— Identify and acquire remotely sensed data
— Import these into ArcMap® and clip to a defined study area

* Exercise 2
— Visualize landscape change using two dates of remotely
sensed imagery

— Use digital image processing techniques to define change
areas

— Create a change versus no-change mask

NOAA Coastal Services Center

Land Cover and Change Analysis

« Exercise 3

— ldentify the spectral characteristics of major landscape
features

— Create and map land cover categories in an image using
supervised classification techniques

« Exercise 4
— Mask areas from a remotely sensed image

— Perform unsupervised image classification of the masked
image

« Exercise 5

— Compare two dates of classified imagery for the same study
area

— Document from-to land cover changes

— Summarize the type and amount of landscape change

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 19
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Exercise 1:
Image Acquisition and Processing

Objectives
* Become aware of remote sensing data sources

* Understand image acquisition and initial processing
steps
Steps

* Query and select data from an archive of remotely
sensed products

* Combine individual bands into a multispectral image
» Create a subset of the image for a specific study area

NOAA Coastal Services Center

NOAA Coastal Services Center

* The DigitalCoast Website provides data required by
coastal resource management professionals, as well
as the tools, training, and information needed to turn
these data into useful information.
www.csc.noaa.gov/digitalcoast/

NOAA Coastal Services Center provides a list of
Coastal Geospatial Information:
www.csc.noaa.gov/products/datasites

« Geospatial Resources - Handout

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 20



Landsat series of satellites

Landsat Multispectral Scanner (MSS) 1972-1992
Landsat Thematic Mapper (TM) 1982-present
Landsat Enhanced Thematic Mapper (ETM) 1999-2003

Landsat Characteristics MSS Sensor TM Sensor ETM Sensor

Spectral Spatial Spectral Spatial Spectral Spatial

Band

0.45-0.52 pm 28.5x28.5m 0.45-0.52 pm 28.5x28.5m

0.50-0.60 pm 79x79m 0.52-0.60 pm 28.5x285m 0.52-0.60 pm 28.5x285m

Red 0.60-0.70 ym 79x79m 0.63-0.69 um 28.5x28.5m 0.63-0.69 um 28.5x28.5m

Near-Infrared (NIR) 0.70-0.80 um 79x79m 0.76-0.90 um 28.5x28.5m 0.76-0.90 um 28.5x28.5m

NIR 0.80-1.10 pm 79x79m

Short Wave Infra-Red (SWIR) 1.55-1.756 ym 28.5x285m 1.55-1.75 pm 28.5x285m

SWIR 2.08-2.35 ym 28.5x285m 2.08-2.35 pm 28.5x285m

Thermal 10.40-12.50 pm 114x114m 10.40-12.50 pm 57 x57 m

Panchromatic 0.50-0.90 pm 14.25x14.25m

Quantization Level 6 bits/pixel, 64 gray levels 8 bits/pixel, 256 gray levels 8 bits/pixel, 256 gray levels

Orbit 18/16 days 16 days 16 days

Altitude 919 km 705 km 705 km

Swath 185 km 185 km 185 km

NOAA Coastal Services Center

North American Landscape
Characterization Program

The North American Landscape
Characterization Program (NALC) was

devised to mine the extensive Landsat - Tei sonoeesd
archive and provide co-registered sets " Resampled o G0-meter pixel
of MSS data from the 1970s, 1980s,
and 1990s for the purpose of studying

Standard NALC Product

1970s MSS

environmental change. =2 & _ 19805 MSS,

NDVI

1990s MSS,
NDVI

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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The Natlonal Map

The National Map is an online .
archive of standard spatial data — ey -
products maintained by the I’lfﬁi??ﬁfiﬂ"ﬂﬁ

U.S. Geological SUrVey. Welcoms to The National Map, our online, interactive map

SeMVICE. You canview The Natomal Map by using your Web
broweser (no special software or download required)

1 The Nalonal Map 15 2
Primary raster data products : 1 A
.. - - L geographic knowledge
« Digital Elevation Models S ncoded bythe Naton
L . m : e - provides public access to
° 5 p nigh-qualty, geospatial data
Dlgltal RaSter Graphlcs m . ¥ and infarmation from mutiple
101 5 ch, 51 P partners to help support
« Digital Ortho Quarter-Quads oty A1Eh SULIEME gocicionmaking by resource
. managers &nd the pubhc. The National Map 15 the product of @
. Natlonal Land Cover Data [ consortium of Federal, Stats, and local panners who provide
geospatial data to enhance Amenca's abilty to access,
Integrate, and apply geaspatial data a1 global, national, and
local scales. The LS. Gaological Survey (USGS) s commifted
1 meating the Mation's needs for cument bass geographic data
and maps, Qur vsion 15 that, by workang wath partners, we wall
@nsure that the Mation has access to curment, accurate, and

nationaly consistent digital data and topographic maps derived
from thase data

nmmﬂsmm

LNk FEC ND TECHNOLOG Y

Global Land Cover Facility

The Global Land Glob4l Land Cover Facility
Cover Facility .
(GLCF)is a global |** BT -

search GLCF:

archive of remote [—
sensing data and Welcome

The GLCF develops g e Sesrch, bromse and download

prod ucts. A major e ; | free online data using £301

. satellite dats and . Available Scones
component is e el : i s scones 27,783
d|e local to global # 0015 ”"::‘_ 3 5!
access to free oles e - Totm S 13 Tesaytes
Contribute Data

Landsat MSS, TM, SR o Share satelita inagary and

+ GLCF Data Guides I o e ki
and ETM data. et rn ; ' "

- Landsot GeoCover Landsat ETM+ Path: 167 Row: 27
. . Lral Biver Delts, Kazakbstar
* SRTM DEM GeoTiFFs
. * MODIS NOW]
glcf.umiacs.umd.edu - MODIS VCF - A0 Romots Seosq Amacd (2005:331) . gLeF Endorsss Conserestion Commons
+ Ragid Resoonte - Quigktied for Teunami Arasg (2005.2.29)  rivsinles (2008.2.2)

+ ASTER Imagere viz ESDI (2005.2.01) * GIMMS dats svailable (2004.12.22)
* GIGPEM data available (2004.12.3)

Con!nnh! @ 19%7-2005 Universiy of Maryland. nll nghu reserved.

it B AHAND @ s, @) oy ey vieees

MC-nasul Services

LNk BaGs FEC ND TECHNOLOG Y

GWRC CZM Grant, Task 12.02, Part 2 22



Landsat path/row desi
in the Worldwide Refe
System (WRS).

Landsat 1-3 = WRS-1
Landsat 4-7 = WRS-2

Charleston is located i
17 in WRS-1 and path
WRS-2.

NOAA Coastal Services Center

ETM+
WRS-2, Path 016, R|

Ortho, N¥
United states

online: 024-302
Compressed Size:

Click on an 1D below to Preview

Earth Science Data Interface

gnated

Path/Row Search

Sensor

w Start Date:

was L ol |
HEs ] U Date:
gt

rence

WS

Date

Hew Since

Require

Enclude

Level 16

“[ceverin

[Fumhs =]
ann

Terrain Corrected
ot validated

(0]
GraTIFF
D

Eoter datas at mOSHTEEE o0 prrp S

Start Path

Start Row

End Path

Frd Raw

i

fr

n path

16 in

o scenes in selection I

Earth Science Data Interface

Index of

fep:/ftp.glef.umiacs.umd.edu/glef/Landsat/
WRS2/p016/1r037/p016r037 7x19991023.ETM-
EarthSat-Orthorectified-Not_Validated/

Up to higher level directory

D pO016r037 7k19951023

nnfl.

tif.gz

D pO016r037 7k19951023

nnfz .

.gz

.Szear(h Results [10] | status | [

D p016r037 7p19951023

nns0.

.gz

024-302 Online 2
010-540 Online

D pO016r037 7£19951023

nnlo.

.gz

D pO016r037 7£19951023

nnz20.

.gz

» Sensor Type
 Landsat reference sy
» Date

 Data description

D pO016r037 7£19951023

nn30.

.gz

D pO016r037 7£19951023

nnd0.

.gz

D pO16r037 7£19951023

nns0.

.gz

D pO016r037 7£19951023

nn?0.

.gz

D po016r037 7x19991023 .

browse.ipg

D pO16r037 7x159951023

D po016r037 7x19991023 .

met

Lpreview. ipy

3969

5005

105452

22581

22609

25829

28891

29875

27625

==}

6

3

z/z7/2003
z/z7/2003
z/z7/2003
z/z7/2003
z2/27/2003
z2/27/2003
z2/27/2003
z/z7/2003
z2/27/2003
z/z7/2003
z/z7/2003

2/27/2003

NOAA Coastal Services Center
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ArcMap Environments

253 Check the ArcMap

J File Edic View Insert Selection Tools window Help envlronment
EEX R TR E ] o AL Y=1 :
Ery = 5| settings at the

ser i beginning of each
application module.

oD@

Mew Taolbox
#dd Toalbox, .

T
3 oan

¥ General Settings 17
¥ Coverage Setting:

¥ Geodatabase Sett] £ General Settings

¥ Raster Analysis 5 Curmerk Workspace

¥ Raster Geodataba [T ﬂ
Saratch Workspace
[Ceus traningliand_coverresus ﬁ

Eexy i 1Te:

N
s

Al

Display Selection

NOAA Coastal Services Center

Initial Processing: Data Import

File Edit View Insert Selection Tools Window Help

Import the individual DEHl @‘ & = | o cu @‘\t‘ﬁ”i‘gﬁhﬂf‘
Landsat bands to an El |

ERDAS Image (.img) || BEE

file by using Raster i e ) -
Composite Bands ! H|E

Chas_traininghland_coverbex_1p017r37_1m13741020_ ﬂ

Tool. C:hws_trainingbland_coverber_ 1p017/37_1m13741020_
Cws_trainingbland_caverber 1p017r37_1m19741020_ ﬂ

Ciws_trainingbland_coverber_ 14p017737_1m19741 020

1|
+
ArcToolbox > Data 5
Management Tools >

Raster > Composite Output raster
Bands Co\s_trainingland_cover\Riesultsimss1737_10-20-74.img ﬂ

=
0K | Cancel | Envionmens. | ShowHepss |

o

I ¥ T =
[ [596590.5 3630724.93 Meters |

NOAA Coastal Services Center
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Initial Processing: Data Import

% Untitled - ArcMap - ArcView

File Edt View Insert Selection Tools Window Help

DEE& b 2BX| 0=t

Dot =

RGE
M Red: Band_4
[ Gresn: Band_2

El £F Layers =1 & Raster
Layer Properties

Genersl Sourcs | Extent | Display | Symbology |

[ Value

MBle: Band_L Fiopert

E Raster Information
Columns and Fiows
Mumber of Bands
Cellsize [X. )
Uncampressed Size
Format
Source Type
Firel Type
Fitel Depth

4207, 3833

1

57.57

6248 MB
ERDAS IMAGINE
continuous
unsigned integer
4Bi

March 18, 2010

rData

Data Type: File System Flaster
Folder, C:irs_training\land_caver\Fiesutsh
Raster: mss1737_10-2074 img

Set Data Source.

L T

Display - election -

1] " — g
| |596590.5 3630724.93 Meters |

NOAA Coastal Services Center

Initial Processing: Clip to a Study Area

& _Untitled - ArcMap - ArcView

Fie Edt Yew Insert Selection Tools Window Help
Dﬁﬂé‘.}é Baﬂ)(|nm{i/‘\-l;|1215,433 v|£‘@§|:||w?
T

Add study area layer
mount_pleasant.shp

RaSteI’ Cllp =] Imjss,mrznrmmg Erer k| ﬂ

[mss1737_10-20-74.img
RGB

MRed: Band_4 QuEpLt Extent (aptional)

een; Band_2 [ Cirs_traningiland_covertex_timount_pleasart shp =
Blue: Band_1

Rectangle
¥ Maximum

3644323,500066

% Mirimum * Maimum

01777499981 | 624976,500107

¥ Minimum
3629430.500060 Clear

QutpUL Raster Dataset
[ Coivs_trainingiland_coweriresultsimss_mp_L0-20-74.img

[El

Dispay [ Source | Selection
_— 0K | Cancel Environments. Show Help 3> |

NOAA Coastal Services Center
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Initial Processing: Clip to a Study Area

% Untitled - ArcMap - ArcYiew =10lx|

J Fle Edt View Insert Selection Took Window Help ‘
JD#HQH@.Ex‘nm@‘\thm,-&z -] 2| &% 0N
x x| ] .
E =g
O]

B £F Layers & Joins =]
a mount_pleasant & Layers and Table Wiews
] - Projections and Transfo
SR s mp_10-20-74-2 img =-§5 Raster
RGE -3 Batch Build Pyramid:
MRed:  Band_1 -3 Batch Calculats Stal

[ Gresn: Band_2 g Build Pyramids
MEls: Band 3 g Calculate Statistics
Bl B mss1737_10-20-74 clip

RGE A Composite Bands
MlRed: Band_4 A+ Copy Raster
[ Green: Band_2 A+ Copy Raster Catalo
MMElLe: Band_1 A Create Raster Cata
- Craste Raster Dats
g Delete Raster Catal

A+ Mosaic

= Mosaic To New Rast -
4 I3 | KA r
Digplay | Source | Selection Favarites | Index | Search 20 e Ll

L
‘613322.70 362444092 Meters

Exercise 1:
Image Acquisition and Processing

Steps
* Query and select data from an archive of remotely
sensed products

* Combine individual bands into a multispectral image
» Create a subset of the image for a specific study area

GWRC CZM Grant, Task 12.02, Part 2
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Exercise 1: Summary:

Skills practiced

— Identification and acquisition of remotely sensed data
* NOAA Coastal Services Center: www.csc.noaa.gov/products/datasites
* USGS Earth Explorer: edcsns17.cr.usgs.gov/EarthExplorer
» National Map: nationalmap.gov/

* North American Landscape Characterization program:
edcwww.cr.usgs.gov/products/satellite/nalc.html

* Global Land Cover Facility: glcf.umiacs.umd.edu
— Combining the layers of image data

» Raster Composite Bands Tool
— Creating a subset of the image data

« Set mask environment, and use Raster Clip tool

NOAA Coastal Services Center

Exercise 2:
Image Difference Change Detection

Objectives

* Visualize landscape change using two dates of remotely sensed
imagery

« Use digital image processing techniques to define change areas

< Create a change versus no-change mask

Steps
. Load two dates of remotely sensed imagery to ArcMap and
compare the differences

. Normalize the two dates of imagery
. Perform image difference change analysis
— Subtract one date of normalized imagery from the other
— Analyze the image difference file to identify change versus no change

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Effects Toolbar

Visualizing Change Detection

MERed:  Laver 4
B Green: Layer_2
MM Clue: Layer_1
= mss_mp_10-20-74.img
RGE Composite
MERed:  Laver 4
B Green: Layer_2
MM Elue: Layer_1

Diesiey

J Layer: [mes_mp_102074.mg X B~

|602917.43 363415132 Meters

astal Services

LNk et PECPLE INFORM ATION

AND [EC

Image Difference: Subtraction

Pixel brightness values (BV) that change little between the two dates will
have values near 0 in the difference image. In locations where change has
likely occurred, the pixel values will be further from 0 in the difference
image. These include higher positive and lower negative values.
Interpretation and processing of the difference image will yield a change
mask, a binary digital file that displays change versus no change.

56

54

48

50

53

50

52

55

3 |4

57

52

52

55

59

55

82

79

5 |-3

61

55

53

58

60

55

85

88

1 |0

68

72

58

63

51

49

92

90

17 |-29

BVs for Date 1

BVs for Date 2

astal Services Center

LINKBaGs PECGPLE INFORM ATION

AND [EC

HND L0 G ¥
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Difference Image BVs

3 (4

5 |3

1 |0

17 |23

| Likely unchanged

] Likely changed

Change Interpretation
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Image Difference

e Single-Band Spectral Differencing

« Spectral Differencing of Normalized Imagery

— Normalized Difference Vegetation Index (NDVI)

NDVI 10-23-1999

NOAA Remote Sensing Models

Raster processing models have been developed
in ArcGIS Model Builder for this course.
Right-click ArcToolbox; select Add Toolbox; navigate to
c:\rs_training\tools > NOAA Remote Sensing Models.

To use a model, double-click.

For more information, right-click > help or edit.

o 8 xnie| #| s aloiaie) el
P

Gonorain bt of spoy

GWRC CZM Grant, Task 12.02, Part 2

[ fucToen
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o) @ Do Irtovcpmmatity Texss
2 Dk Marasgement: o
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= Benthic Clarsification

= Braghiress Image Dilesrree.
= Chiter Duster

= Germeate NDAI hom Landiat MES

= Girwwalr MOV horn Lardsot TM ca E 11
= Image Dilltrerce

~ Mirerum Mapgrq Und

= NOVI I Differance.

= FLA Imags Dilisierce:

= Pt Chassific tion Charge

= Peal Carsheahon Change Facton

= Peclaasty Bendric Group Data

= Rclarsty Sioed Charge Diota
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= Supervistd Cissdwcaben

= Symithvet; ke Trafom

= Unsperased Clarhcabon -
- e Sanples

w1 By Serve Took

;@ Spatial et Tossks -
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Normalized Difference Vegetation Index
NOAA Model: Generate NDVI

_NIR-Red
NDVI= NIR+Red

MSS Red band is Layer 2 and the NIR band is Layer 4
Name the Output Image ndvi_mp_74.img

ETM Red Band is Layer_3 and the NIR Band is Layer_4
Name the Output Image ndvi_mp_99.img

N

It Muk-Band Raster
[ Ceips_trainingiiand_coveelex_2\mes_mp_10-2074 mg Generate NDVI

Fuged Rl (M55 bl 2, ETM B 3] fophional) Calculates a Normakzed Difference Vigetation Index (NOVI] using the Near
Layer 7 > Infrared (NIR) and Red bands of a raster image NOVI = (NIR-Red ) NIR+Red)

NIR Band band 4, £TH band 4) (spticr
Layer 4

utput NI
[rs_trameniond _coverlyessindvi_mo_74.ma

O | Coce | Ervionments. | o HidsHen

NOAA Coastal Services Center

Image Difference Change Detection

NOAA Model: Image Difference

The early-date raster will be subtracted from the late-date raster.
There will be two output files:

1. The NDVI Difference Image is a continuous image containing the
result of the image subtraction. Darker and brighter pixels in this file
are a likely indication of change.

. The NDVI Change Image is thematic, scaled to 50 values.

|W

Befiore dabe NOWT
[t _erawmrsgifand_convmtpuitipcha_jogs_T4.img

Image Difference

At dste AL
| <2ies_tranngiiand_coveryeritsinga_me_39.ma

WDV Image Diffarence will subtract tha sary date NDOVI beghtness vakues fom the
Iate date NOVI beghlress values. The model cutpul 1s a continuous image scaled to
50 changs values

Oukind Charge
[Cies_srannciiand_coveripendtelistom_change.ing

e & & |w

[t trrmgtiornd_cirvealp i 17 4499_Hleverce e

NOAA Coastal Services Center
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Interpret the Image Difference Change

NDVI Difference Image is grayscale representation of the image
subtraction results

The NDVI Change Image is thematic, scaled to 50 values

Example: Bare or grassland to forest
® —

AWTER2HY

é. B3sSzALEAZ29N

NDVI Difference Image = . NDVI Change Image

¥
Example: Vegetation to developed land Example: Vegetation to developed land

LiNK et PECPLE GH, AND TECHNGLD G Y

Create a Binary Change File
notes from step 10:
1-2 and 47-50 = Change
3-46 = No Change

NOAA Model Reclassify Sliced Change Data. Go to ArcToolbox >
NOAA Remote Sensing Models > Reclassify Sliced Change Data.

+= Reclassify Sliced Change Data

No-change = NoData
Input Sliced Change Data
C h an g e= 1 [ C:ivs_trainingiland _coveriresultsi74toas_change.img

Redlassify Change (change = 1, no change = NoData)

Ol values New values B
it
1 1
2 1
NoDsta M

NoData

MoData Add Entry

NoData

HoData = Delete Entries

NoData
Load... | Save. Reverse New Values | Precision. .

Output Reclassified Raster

[ Cirs_trairingiland_coveriresultsichange_mask.img

0K | Concel | Emviorments.. | ShowHelp>s

NOAA Coastal §

LiNKBads PECPLE

OH, AND TECHNGLD G Y
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Exercise 2:
Image Difference Change Detection

Steps
. Load two dates of remotely sensed imagery to ArcMap
and compare the differences
. Add the toolbox, NOAA Remote Sensing Models

. Normalize the two dates of imagery with the Generate
NDVI model

. Perform image difference change analysis with the Image
Difference model
— Subtract one date of normalized imagery from the other

— Analyze the image difference output files to identify change
versus no change

NOAA Coastal Services Center

Exercise 2: Summary:

Thirty years of Landsat data offer a unique opportunity to
document landscape change

ArcGIS Model Builder tools can apply mathematical
functions to digital imagery

Add, subtract, multiply, or divide bands of an image

Subtracting one date of imagery from another will yield a
difference image that can be used to determine areas of
change versus no change

NOAA Coastal Services Center
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Exercise 3:
Supervised Image Classification

Objectives

* ldentify the spectral characteristics of major landscape
features

» Create and map land cover categories in an image using
supervised classification techniques

Steps

* Create a shapefile that identifies samples of the major
land cover types

» Create a class signature file and perform a supervised
classification on a continuous image

NOAA Coastal Services Center

Image Classification

Digital image classification groups pixels within an
image according to spectral similarities

Pixels are sorted into a finite number of individual categories or
classes based on their brightness value

Image classification turns the continuous data of a raw image into
thematic data with a discrete number of classes

Two standard processes are used for classification: supervised
and unsupervised

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Supervised Image Classification

Input sample data (shapefile) Input multi-band image

NOAA Model: Supervised Classification

* Input class sample data
* Input image data
— Output spectral signatures
* Maximum Likelihood
Supervised Classifier
— Output classified map

Spectral signature file (.gsg)
# Training File:
ci\rs_training\land_coveriresults\signatures.shp
# Stack
ci\rs_training\land_coverimss_mp_10-20-74.img
# Number of Grids : 4

# Type Number of Classes Number of Layers
1 4 4

#

#layers 1
#Means 438604 258334 206759  20.2325
# Covariance
1 3159345 238630 -47.2241 -63.961
2 2386300 298573  7.08714 -41.708
3 472241 708718 3237106 365125
4 639617 -470804 3651258 421.139

NOAA.Coantal Services Center

O ECHNOLOG Y

Go to Editor > Start Editing

Use the sketch tool to draw
polygons representative of
the spectral characteristics
for each of the land cover
categories

Developed
Grassland
Forest
Wetland
Bare Land
Water

GWRC CZM Grant, Task 12.02, Part 2

Output classified file

Maximum Likelihood
Classifier

Create Class Samples

& wn_domed - ArcMag - Arcindo

| B Bt o Jnemt Selechon Fook Wik e

[0EE& @850 $[oe  FLae0w

| Bty ,TE~| Taske [Create New Fashes =] | Tauget [[ognatiens

O} BaeLamd
& wate
2 B Lo Comvess
B mis_me_10:-20-T4ing
@ ] etm_mp_102388 ing

W Altnbules ol signalues

necort | o[ 0 s[m|  owe[al Solecied | Records (Do ek OSeneted) |
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Create Class Samples

Be sure that the spelling and
case match for each class label.
These attributes serve as the
database links to each of the

thematic land cover files. =
£2 Attributes of signatures

FID Shape* | W class_name
Polygon Hare Land

3 5
4 |Palygon 3 |Forest
Class_n ame 5 |Palygon 4 [wetland
5 [
7 8

Folygon Wetland

Developed Pl Water

I ) [
Grassland Rocords 1| [T 1 »[mi|  show: [AT selected | |

Forest Hint: Keep your signature polygons
Wetland 1 « | small so that only the defined land
. cover type falls within.

Bare Land

Water

When finished, go to Editor >
Stop Editing > Save Edits

NOAA. Coassal Sevvices Comter

HNDLO G Y

Supervised Image Classification
NOAA Model: Supervised Classification

Input sample data Input multi-band

Trput Muktiband Image Dats
[Caes_teaningiiand_coverlrentsimss_mp_10.24-74.1mg

[ Citrs_traringiiand _coverlresubsiagnanaes.sho

Output
[ Cites_trariraiiand_coverlresubsiagnatunes s mo.020

Cudpust Clasdlin] Puaster
Output classified file [irs_arwriiand_coverirestslfarrioves_.em
5 Tr g

25.8334
325

Maximum
~63.961

Likelihood

o708 5 | &

Classifier
Cancel | Emvionserts | Showhsss |

1
365.125

i3

421130

GWRC CZM Grant, Task 12.02, Part 2
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Supervised Image Classification

Review the output
classified map using

* mss_mp_10-20-74.img
« field_data.lyr

To adjust how
categories are
mapped, make
changes to the sample
shapefile and run
Supervised
Classification again.

NOAA Coastal Services Center

% ex_3.mxd - ArcMap - Arclnfo

J Fle Edit iew Inseit Selection Tools Window Help

SETEEEE T T 1=115
Layer. [B landeover 74 S o | e

FiF )

B £ Layers

H¥o¥cl

<
2 B landcover 74

W etland
[ Bare Land
W Water
E & Land_Cover
B mss_mp_10-20-74.img
@ O etm_mp_10-2393img

[ [612413642 3634161 278 Maters

Exercise 3:

Supervised Image Classification

Steps

» Create a shapefile that identifies spectral signatures for
the major land cover types

Use the signature file to perform a supervised
classification on a continuous image

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Exercise 3: Summary

* Supervised classification of imagery is controlled
by the analyst, who selects sample sets of pixels that
are representative of recognized patterns in the data.

The NOAA Supervised Classification Model will
produce a text signature file based on input multi-
band image data and input land cover examples in a
shapefile.

The model runs a Maximum Likelihood Classification
using the gsg signature file and the multi-band image
file. The output will be a classified land cover map.

NOAA Coastal Services Center

Exercise 4:
Unsupervised Image Classification
and Change Analysis

Objectives

* Mask areas from a remotely sensed image

« Perform unsupervised image classification of the
masked image

Steps

1. Turn the raster change image created in Exercise 2
into a polygon change mask

2. Eliminate unchanged areas from the 1999 image
using the change mask and Image Analysis Subset
tool

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Steps

Exercise 4:
Unsupervised Image Classification
and Change Analysis

. Use the NOAA Unsupervised Classification Model
to group the 1999 change image into 10 clusters

. Interpret and label the clusters then use the Spatial
Analyst Reclassify command to save

. Use the Spatial Analyst Reclassify tool and Raster
Calculator to combine the 1974 supervised image
and 1999 unsupervised land cover images

Create an Image Mask

« Use the NOAA model, Raster Mask, to extract those areas identified as
change from the late date Landsat data.

®_ou_& mad - AscMap - Arclnlo

| Ee Edt Yiow st Geleciin Tock Windw Heb
]Dgggxrbnw|nu¢|_nar_n—__]s v ,g@|.’|:|w
| Loy [ e mastmg [ T R

= & Loyers =
- ¥ EETEn
(=]

= B Land Covm
BB e g 10-23400 g
RGE

Ml Red  Lapei 4

I Greer: Loyes_2

Wik Layes 1
BB e e 10:20- M.y

RGE

M Fed Layer d

I Groerr Layer_2

S Lape ]
% B larkoves_ T4

= lmage Difference

= Mrwmes Magpery Urd
Mol

= Massic To New Rasies
= ROV Image Difference

v Reclasedy Siced Change Data

=~ Supereed Clante.aton
= Syrithete Lok Tearmbom

x
 Gremeraln VY from Landsot TH ox ETM ]

= Reclavedy Urnupermed Custen

HEOFLU riEO U
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Create an Image Mask

NOAA Model: Raster Mask

The product will be a
multispectral image that has
NoData values for all areas
that did not change from
1974 to 1999. Use
Unsupervised Classification
to map the land cover in the
change image.

ol £ Layers ey 2

B etm_change_only.img
RGE
MRed: Band 3
[ Green: Band_2
MELe: Band 1
qe_only:
= O Land Cover
O 74_landcover.img
mss_mp_10-20-74.img
etm_mp_10-23-99.img w1 o,

Unsupervised Classification

NOAA Model: Unsupervised Classification

The model will produce a text
Cluster tool to sort spectral in
natural groupings. The model
Classification tool using the i

signature file (.gsg) using the Spatial Analyst Iso
formation from input multi-band image data into
then runs the Maximum Likelihood

nput gsg signature file and the multi-band image

file. The output will be a thematic layer segmented into a user-specified

number of clusters.

*= Unsupervired Classdication

§E s _visrgband_covereudts\etm_change_oripmg X ﬂ

Cutput Urupervised Clusters
e

Umuguer v Sapiabams.
| s _prairiegiiond _corvorresetg_rtm_ros g ﬂ

10

O etm_changs_only
O change_mask.ing

o

el | Eroremets | Stombings |
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Unsupervised Classification

* Open layer
. Genensl| Sousce | Eerd | Dy Spmboiogy | Foskds | Joans & Rt |
prOpertleS Shere | Diaw raster assigning a colos 1o each value

Review each e
cluster and label
with appropriate e "

1852

class name — - ok

x5
L =4
o=
(2]
Dok Cokrs |

Dipley NoDiata & 4

Unsupervised Classification

* Review each cluster and label with appropriate class name
* Reclassify the unsupervised image

a Layers

=]
Gieneeal | Source | Esterd | iy Symbolosy | Fiekss | doi & el | dass._naies
Show

P _Ilm- rasted assigning & color to each value Mot
Fretehe T | 7 Coke Schema : M wetland
[[Bare Land

s E I [Carassland
- - loevelsped
Lk [CJBare Land
ol oot e
class_names
e ' Cloevelsped
o £ B Land Cover
::Tf,. O 74 Jandeover.mg

® M etm_mp_L0-23-99.img
O mss_mp_t0-20-74 img

Graasland
D]
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Reclassify Unsupervised Results

NOAA Model: Reclassify Unsupervised Classification

Ganeeal| Souce| Esent| Diteisy  Symbokogy | Fekas | soie & Retains |
4l -
Draw tastes assigrang a color to cach vake
Cole Schama

=g

[ Lokt

»= Reclassify Unsupervised Clusters

<ol ot vahats
clazs_names
Water

et
Wetland

Baee Landd
Grasslsnd
Dieveioped

Bars Land

Category ID

Developed =1
Grassland = 2
Forest =3
Wetland = 4
BareLand =5
Water = 6

Input Unsupervised Clusters
[ Ciirs _trainingiland _coverlyesultsiunsup_lc_93.ima =

Reclassify Clusters

Old values New values -
) % Classify... |
5
U
o nique

7

| _ AddEntry
9
10 1 = Delste Entries

NoData NoData
Load Save... Reverse New Values | Predsion..

Output Reclassified Raster
[ <itrs_trainingiland_coverresults\andcaver_99.ima =2

oK I Cancel

Envionments... |

Combine the 1974 and 1999 Land Cover
NOAA Model: Combine Thematic Rasters

By inserting the land cover values

mapped for the change areas in the

1999 image into the 1974 land cover
map, a new 1999 land cover map for
the entire Mount Pleasant study area

is created.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2

Input Rasters

= [

Ciips_trainingiland_coverresulsijandcover_74.mg | | dfe
Cilrs_trainingiland _cover'resuls|c_mask_59.img

cell Size {optional)

[Miniroum of 1puts

Mosaic Method (optional)
[LasT

Qutput Lacation

[ s _trairinglland_coveriresuits

Qutput Raster Data
[landcover_a9.img

*» Combine Thematic Rasters

Concel | Envionments... | ShowHelp > |
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1999 Land Cover

mss_mp_10-20-74.img
etm_mp_10-23-99.img

NOAA Coastal Services Center

Exercise 4:
Unsupervised Image Classification
and Change Analysis

Steps

1. Eliminate unchanged areas from the 1999
image using the NOAA Raster mask model

2. Use the NOAA Unsupervised Classification
model to group the 1999 change image into 10
clusters

. Interpret and label the clusters then use the
Spatial Analyst Reclassify command to save

. Use the Mosaic to new Raster model to combine
the 1974 supervised image and 1999
unsupervised land cover images

NOAA Coastal Services Center
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Exercise 4: Summary

Skills practiced

Raster to feature conversion

Using a polygon feature file to mask areas from a
raster image

Unsupervised image classification

Combining two thematic raster images to create a
third thematic raster image

NOAA Coastal Services Center

Exercise 5: Post Classification
Change Analysis

Objectives

« Compare two dates of classified imagery for the same
study area

* Document “from-to” land cover changes

« Compare the type and amount of landscape change in a
change table

Steps

* Input two classified images to generate a thematic
change image

* Analyze the area and type of landscape change

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2
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Post Classification Change Analysis
NOAA Model: Post Classification Change

Post Classification Change, will take the
before and after land cover data to
produce an n-by-n change image.
Additional output from the model is a
‘from-to’ change table in dbase 4
format, and layers that display what
land cover changed from and to. These
are useful when interpreting land cover

Early Daate Land Cover

[ Cites _traringliand_coverlrenitsliandeover 740

Labe Date Land Cover

[ Cites _traringliand_coverlrenitsliandeover 5.0

b of Categoeies

[«

Oulgnat Chanegs Tabde

[ €hes_trainglland_cowerlpeaitslie_change_74toe.dbf

Quigut Land Cover Change

+a Post Classification Change M =1ES

change results.

NOAA Coastal Services Center

| €hes_trainglland_coverlpeaitslic_change_74toa%.mg

“utput Change |rom Risster
| Cilns _traivingland_overiresuilstic_charge_from_T4.img

Qutout Change To Raster
Ciles Irakinglfand_coveriesdsl_thame_to_%.im

AR (A (A T [ A [

L e e

Post Classification Change Analysis

The change image will be
added to the data frame when
the model is complete. Notice
that the default symbology
three symbology layers are
available. Each lists all the
possible change categories
and has a color legend that
shows change-from, change-
to, or all possible changes.

NOAA Coastal Services Center
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B 7439 le_change

5 M etm_mp_10-23-88img - Laper_4 | |8
Value
High : 201

Lows: 1
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Post Classification Change Analysis

Ad an acreage field with an expression that converts square pixels to
acres to review the quantity of change

Wl Atiibutes of 74t0%)_Ic_change.ma

NOAA Coastal Services Center

Aczes v

[Count] * 0.200711

[ Altiibutes of Ic_change_74t099 M=l 3

VALUE | COUNT [ Acres -~
6] 30136 B043E3
7 622|  164.984
9 565 113.402

10 1zar| 280393
1 256 51382
12[ 2230 4518
13 33816  E7ET.24
15 675 135.48
18] 2008] 403028
17 799| 160368
18] 13321 267367

7745| 155451 =l

19
et W= 3] =]

Generate Post-Classification Change Tables

e Import the n-by-n change database (dBase4) into Microsoft Excel
e Copy the values and paste them into a preformatted change table
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Quantitative Change Table
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Paste Table

Evaluate Land Cover Change 1974 to 1999

Review the table and change maps
Look at the categories and total area for each

Consider questionable change categories

Examine questionable change classes to determine if the change is real
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Exercise 5;: Post Classification
Change Analysis

Steps

* Input two classified images to generate a thematic
change image

* Generate change tables

* Analyze the area and type of landscape change

NOAA Coastal Services Center

Exercise 5: Summary

Skills practiced

* Highlighting land cover changes using post-
classification techniques

* Documenting the types and amounts of land cover
changes

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 2 47
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Exercise 5: Summary

Numerous spatial data assets have been generated to evaluate land
cover changes. Review and compare these to draw conclusions about
how and where the landscape is changing. Discuss the following:

» Which change category registered the greatest amount of change?
Which land cover category registered the greatest amount of change?
What is the most significant change in your map?

Does land cover misclassification effect your change map?
How much?

NOAA Coastal Services Center

Land Cover and Change Analysis Summary

* Remote sensing and image processing can support
coastal resource managers as they address such
issues as urban growth and the subsequent need for
wise resource management.

The analysis of remotely sensed imagery can provide
a map of the coastal landscape, an inventory of
natural resources, and documentation of landscape
change.

NOAA Coastal Services Center
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Land Cover and Change Analysis Summary

* Managers can search for free, preprocessed
remotely sensed data when starting a project that
requires spatial information.

— The NOAA Coastal Services Center provides a list of coastal
geospatial information:
www.csc.noaa.gov/products/datasites
www.csc.noaa.gov/digitalcoast

— The Landsat archive can be queried through the USGS
Earth Explorer: edcsnsl17.cr.usgs.gov/EarthExplorer/

— Free, preprocessed Landsat MSS, TM, and ETM data are
available on-line through the Global Land Cover Facility:
glcf.umiacs.umd.edu

NOAA Coastal Services Center

Land Cover and Change Analysis Summary

* ArcGIS, ArcToolbox, and Spatial Analyst extension
functions are used to derive thematic information
from continuous imagery.

— Supervised classification sorts image pixels into predefined
categories. These are based on spectral signatures defined
by the analyst.

Unsupervised classification techniques allow the computer to
sort image pixels into a discrete number of clusters based on
spectral similarity. These clusters are then labeled by the
analyst.

Change detection compares two thematic files representing
different image dates.

NOAA Coastal Services Center
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Survey Results

Page 1 of 14

GWRCNOAARemote Sensing for Land Cover & Land Use Change Analysis March 18, 2010
1. Please select the instructors of your course.
Response Response
Percent Count
Shan Burkhalter | 92.9% 13
Mark Finkbeiner [ ] 7.1% 1
answered question 14
skipped question 0
Page: Demographic Information
2. Please tell us which of the following best describes your organization:
Response Response
Percent Count
Federal Government - NOAA
(including contractors) 0.0% 0
Federal Government - Non-NOAA
(including contractors) 0.0% 0
State Government || 7.1% 1
Local Government [ ] 35.7% 5
University/Academic [ | 7.1% 1
NGO/Non-Profit 0.0% 0
General Public 0.0% 0
Private Industry/Business/Consultant 0.0% 0
answered question 14
skipped question 0
http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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Survey Results

Page 2 of 14

2. Please tell us which of the following best describes your organization:
Military 0.0% 0
International 0.0% 0
Tribal 0.0% 0
~ Show replies Other (plez.;lse 50.0% .
specify)
answered question 14
skipped question 0
3. Please tell us which of the following best describes your primary role:
Response Response
Percent Count
Program Management [ | 14.3% 2
Community Planning [ ] 35.7% 5
GIs | | 50.0% 7
Data Management 0.0% 0
Extension/Education 0.0% 0
Communication/Outreach 0.0% 0
Research/Science/Engineering 0.0% 0
Recreational Use 0.0% 0
Commercial Use 0.0% 0
Student 0.0% 0
Volunteer 0.0% 0
Other (please specify) 0.0% 0
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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Page 3 of 14

4. Please tell us how you heard about this course:
Response Response
Percent Count
CSC Website [ ] 7.1% 1
CSC Publication 0.0% 0
Local Host | 71.4% 10
Supervisor [ | 14.3% 2
Conference 0.0% 0
) Show replies Other (plegse ] 7 1% 1
specify)
answered question 14
skipped question 0
Page: Course Format
5. Presentation materials (slide shows, flip charts, overheads, etc.):
Response Response
Percent Count
Detracted from understanding 1 0.0% 0
2 0.0% 0
3 0.0% 0
a [ ] 14.3% 2
Enhanced understanding 5 | 85.7% 12
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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6. Course manual:
Response Response
Percent Count
Detracted from understanding 1 0.0% 0
2 0.0% 0
3 0.0% 0
4 0.0% 0
Enhanced understanding 5 | | 100.0% 14
answered question 14
skipped question 0
7. The presenter(s) were:
Response Response
Percent Count

Poorly prepared 0.0% 0

1
2 0.0% 0
3 0.0% 0
a [ ] 14.3% 2
Well prepared | 85.7% 12

5
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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Page 5 of 14

8. The presenter(s) communicated concepts and ideas:
Response Response
Percent Count

Poorly
0.0% 0

1
2 0.0% 0
3 0.0% 0
4 50.0% 7

Very well
| 50.0% 7

5
answered question 14
skipped question 0

9. There was a good balance between lectures and activities:
Response Response
Percent Count

Strongly disagree
gy g 0.0% 0

1
2 0.0% 0
3 0.0% 0
4 [ ] 28.6% 4

Strongly Agree
gy Ag | 71.4% 10

5
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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10. I would recommend this course for others in my field:
Response Response
Percent Count
Strongly Disagree
gy g 0.0% 0
1
2 0.0% 0
3 0.0% 0
4 [] 7.1% 1
Strongly Agree
gy Ad | 92.9% 13
5
answered question 14
skipped question 0
Page: Course Pace
11. The pace of the class was:
Response Response
Percent Count
Too Slow
1 [ ] 7.1% 1
2 0.0% 0
Just Right
| | 42.9% 6
3
4 | | 50.0% 7
Too Fast
0.0% 0
5
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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Page 7 of 14

12. The time allotted for discussion was:
Response Response
Percent Count
Too Short
1 [ ] 7.1% 1
2 0.0% 0
Just Right
| 85.7% 12
3
4 [] 7.1% 1
Too Long
0.0% 0
5
answered question 14
skipped question 0
Page: Course Content
13. Can you...
| was | was
able to able to
do this do this
prior to prior to I am
the the able to
| am not .
able to course. course, do this Not Response
do this The butthe because Applicable Count
' course course of this
did NOT DID course.
improve improve
this this
ability. ability.
Describe the utility of remote sensing 28.6% 71.4%
) L 0.0% (0) 0.0% (0) 0.0% (0) 14
in coastal applications 4) (10)
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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13. Can you...
Evaluate the benefits and limitations 35.7% 57.1%
] 0.0% (0) 7.1% (1) 0.0% (0) 14
of remote sensing (5) (8)
Demonstrate the use of remote 21.4% 78.6%
. . 0.0% (0)  0.0% (0) 0.0% (0) 14
sensing data in a GIS ) (12)
answered question 14
skipped question 0

Page: Course Applicability
14.1 gained knowledge and skills that | will apply in my job
Response Response
Percent Count
Strongly Disagree 0.0% 0
1
2 0.0% 0
3 0.0% 0
4 | | 57.1% 8
Strongly Agree | | 42.9% 6
5
Not Applicable 0.0% 0
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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15. The course maintained a good balance between technique and application
Response Response
Percent Count
Strongly Disagree
9y g 0.0% 0
1
2 0.0% 0
3 0.0% 0
4 | | 57.1% 8
Strongly Agree
gly Ag | | 42.9% 6
5
answered question 14
skipped question 0

16. Prior to this course what was your level understanding of the subject matter covered?

Response Response

Percent Count
0% 0.0% 0
20% | 64.3% 9
40% [ ] 28.6% 4
60% [ | 7.1% 1
80% 0.0% 0
100% 0.0% 0
answered question 14
skipped question 0

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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0%

20%

40%

60%

80%

100%

17. After this course what is your level of understanding of subject matter?

[ ]

[ ]
|
[]

Response
Percent

0.0%

0.0%

14.3%

21.4%

57.1%

7.1%

answered question

skipped question

Response
Count

14

18. Please list any new skills that you learned that you are likely to apply to your current projects:
Response
Count
~ Show replies 7
answered question 7
skipped question 7
Page: General Comments
19. List 3important ideas that you will take away from this course
Response Response
Percent Count
1) | I 100.0% 8
answered question 8
skipped question 6

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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19. List 3 important ideas that you will take away from this course

) Show replies 2) | | 100.0% 8
—) Show replies 3) | | 100.0% 8
answered question 8

skipped question 6

20. What part was most helpful/informative or what did you like best? Why?
Response
Count
~ Show replies 9
answered question 9
skipped question 5
21. What part was least helpful/informative or what did you like least? Why?
Response
Count
~ Show replies 6
answered question 6
skipped question 8
22. What topics/skills would you have liked more information on?
Response
Count
~ Show replies 8
answered question 8
skipped question 6

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010
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23. What are your suggestions for improving this course?
Response
Count
~ Show replies 5
answered question 5
skipped question 9
24. Other comments?
Response
Count
~ Show replies 2
answered question 2
skipped question 12

http://www.surveymonkey.com/sr.aspx?sm=FT72i8xt80iz6o0NV6ou7urxFaV7osmcn8HA... 3/29/2010



NOAA Remote Sensing Class — Detailed Class Member Responses to Questions 18 - 24
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12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.

20

=

arwbd

No

21

1.

ourwd

. Please list any new skills that you learned that you are likely to apply to your current projects:

Tools

Land cover classification

How to improve impervious surface data gathering for project & how to calculate land cover and land cover change
Ability to calculate change between raster datasets.

Land use change analysis and processing of remote sensing data; acquisition of available data.

Better able to scope out a project involving the application of RS to land use & cover change, regional planning, etc
Manipulating raster images. Change analysis between raster years

. List 3important ideas that you will take away from this course (8 responses out of 14 participants)

Land cover classification uses

Supervised Classification

How to do imagery analysis with GIS

Importance of imagery resolution

Land cover change

Location of data sources

What remote sensing is

Remote Sensing Data is easily accessible and free in many cases

Do best to minimize variables
. Image Classification
importance of government offered education programs
Consistency of data for change analysis
NDVI
Concepts of raster data
Where to acquire data
Remote sensing can be used to create land cover layers

Only process what actually changes

Basic GIS knowledge

Development new land cover project for region

Availability of free analytical tools

Supervised vs. unsupervised classification

Procedures and properties of raster data and the ability to see the differences between datasets
How to utilize it for land cover analyses

Less detailed photography can be more beneficial than high res depending on the use

. What part was most helpful/informative or what did you like best? Why?

Liked hearing about all the interesting uses for remote sensing; i.e. using signs of vegetation stress to detect
subterranean structures

Exercises are always the best!

Simple step by step course of complex data for fast results

Reference to the free tools to supplement the change analysis

Simply recognizing the tool and the analytical resources it offers. This is something that can be very valuable to us if
incorporated into the day to day.

New locations of data sources, with the ability to use the tools to process the data

The exercises and the stories of practical applications from past participants were very helpful in understanding how
this information can be applied in different ways.

Hands-on exercises reinforced the process for accomplishing the tasks.

Actually going through the process, following the manual

. What part was least helpful/informative or what did you like least? Why?

Sometimes having the examples already set up, means | have a tough time remembering how to find the data and
what to use for what when | try again later.

There were no bad parts

Got a little lost in the overlaying of exercises, building one on top of another

Short amount of time.

N/A - it was all very good

Lecturing through the exercise instructions was redundant



22. What topics/skills would you have liked more information on?

grODE

No

23.

agrOD

24.

Deciding correct resolution to work in

Creating Excel sheet from file, the unsupervised classification was confusing

It was fine for my skills and abilities

ETIS, N-SPECT, Habit Priority Planner

Better understand of why and what exactly we navigate to in order to properly run the analysis. Right now | feel like |
can follow most of the directions on how to accomplish the task but not totally know how | got there.

Processes to combine raster datasets

Applicability at a local level -- better understanding of the level of resolution required for particular projects. Is it by
geographic area or by the type of data to be analyzed?

Using the tools on more developed areas.

What are your suggestions for improving this course?

Perhaps some kind of visual that outlines entire process to refer back to between each step to remind students how
that particular step fits into the whole process

Maybe it should be 2 days! or different depending on your level of GIS knowledge

Make it two day class

Longer. A lot of information for a one-day training.

More exercises and less lecture. Too much time allotted for exercises.

Other comments?

Overall a good experience
This was a very informative course. | enjoyed the real world examples and general clarity in the direction
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Overview

» Coastal Management Issues and Benthic Habitat

* Remote Sensing of Benthic Habitat

* Image Rectification, Transformations, and Resampling
Exercise 1 - Rectifying an Aerial Photograph

*» Developing Data from Airborne Multi-spectral Imagery
Exercise 2 - Seagrass Habitat Mapping

 Sources of Aerial and Satellite Imagery

GWRC CZM Grant, Task 12.02, Part 3 1
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Benthic Habitat

Benthic - Relating to, or occurring at the bottom of a body of water.

Habitat - The place or environment where a plant or animal naturally or normally
lives and grows.

Defined by the Magnuson-Stevens Fisheries Conservation and
Management Act as:

"those waters and substrate

necessary to fish for

or growth to maturity."

Typical Habitats

¢ Algal communities
Hardbottoms
Shellfish beds
Seagrass meadows
Coral reefs

NOAA Coastal Services Center

Benthic Habitat

Benthic - Relating to, or occurring at the bottom of a body of water.

Habitat - The place or environment where a plant or animal naturally or normally
lives and grows.

Defined by the Magnuson-Stevens Fisheries Conservation and
Management Act as:

"those waters and substrate

necessary to fish for

spawning, breeding, feeding,

or growth to maturity.”

Typical Habitats

¢ Algal communities
Hardbottoms
Shellfish beds
Seagrass meadows
Coral reefs

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 2
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Benthic Habitat

Benthic - Relating to, or occurring at the bottom of a body of water.

Habitat - The place or environment where a plant or animal naturally or normally
lives and grows.

Defined by the Magnuson-Stevens Fisheries Conservation and
Management Act as:

"those waters and substrate

necessary to fish for

spawning, breeding, feeding, §

or growth to maturity."

Typical Habitats

* Algal communities
Hardbottoms
Shellfish beds
Seagrass meadows
Coral reefs

Coassal Sevvices Comter
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Benthic Habitat

Benthic - Relating to, or occurring at the bottom of a body of water.

Habitat - The place or environment where a plant or animal naturally or normally
lives and grows.

Defined by the Magnuson-Stevens Fisheries Conservation and
Management Act as:

"those waters and substrate

necessary to fish for

spawning, breeding, feeding,

or growth to maturity.”

Typical Habitats

¢ Algal communities
Hardbottoms
Shellfish beds
Seagrass meadows
Coral reefs

NOAA Coantal Services
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GWRC CZM Grant, Task 12.02, Part 3 3



March 18, 2010

Benthic Habitat

Benthic - Relating to, or occurring at the bottom of a body of water.

Habitat - The place or environment where a plant or animal naturally or normally
lives and grows.

Defined by the Magnuson-Stevens Fisheries Conservation and
Management Act as:

"those waters and substrate

necessary to fish for

spawning, breeding, feeding,

or growth to maturity."

Typical Habitats

* Algal communities
Hardbottoms
Shellfish beds
Seagrass meadows
Coral reefs

Coastal Issues and Benthic Habitat

Shellfish Lease Management

Certain benthic habitats have direct
commercial value

 Kelp and other algae
» Clams, mussels, oysters etc.

Harvesting activities can impact other
habitats i.e. seagrass meadows.
These have indirect value because
they are the preferred habitat for bay

scallops.

GWRC CZM Grant, Task 12.02, Part 3 4
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Issues Related to Benthic Habitat

0.7 L
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Marine Protected
Area Siting

Knowledge of benthic
habitat is fundamental
to proper siting and

must be monitored to
evaluate the site’s e ;
effectiveness. . 2 N a A

Coral
Favement

Hardbottom
Fine Sand
Medium Sand
Coarse Sand

Clay
Mixed HB/Sand

o Mud/Sit
Unclassiied

Tortugas Ecological Reserve North Unit,
Florida Keys National Marine Sanctuary.

NOAA Coastal Services Center

Remote Sensing Contribution

e Synoptic perspective

e Able to image the
bottom in clear water
up to 30 meters deep

Provides a
framework for more
detailed studies

Visited_buck pts.shp
algae on sand
continueus grass
dense grass

fore reef
haystack

wa-too desp
patch reets
pavement

reef rubble

rubble with algae
sand

sand wipatohes
sand wisparse grass
sparse grass

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 5



e Synoptic perspective

e Able to image the
bottom in clear water
up to 30 meters deep

Provides a
framework for more
detailed studies

NOAA Coastal Services Center

e Synoptic perspective

e Able to image the
bottom in clear water
up to 30 meters deep

Provides a
framework for more
detailed studies

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3

Remote Sensing Contribution

Remote Sensing Contribution

Buck_ben_hab

Il macroalgas
patch ree!
pavement

I reef crest

f E rubtle
sand
2 [ | sandhalo
submerged crest

March 18, 2010
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Challenges to Optical Remote Sensing
of Benthic Habitats

Environmental
Conditions

Sun glint

Turbidity

Sea state

Tidal stage

Clouds and shadows

Physical Constraints
* Depth limits
* Lack of control

Challenges to Optical Remote Sensing
of Benthic Habitats

Environmental
Conditions

Sun glint

Turbidity

Sea state

Tidal stage

Clouds and shadows

Physical Constraints
*  Depth limits
e Lack of control

GWRC CZM Grant, Task 12.02, Part 3 7
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Challenges to Optical Remote Sensing
of Benthic Habitats

Environmental
Conditions

Sun glint

Turbidity

Sea state

Tidal stage
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* Depth limits
* Lack of control

Challenges to Optical Remote Sensing
of Benthic Habitats

Environmental
Conditions

Sun glint

Turbidity

Sea state

Tidal stage

Clouds and shadows

Physical Constraints
*  Depth limits
e Lack of control
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Challenges to Optical Remote Sensing
of Benthic Habitats

Environmental
Conditions

Sun glint

Turbidity

Sea state

Tidal stage

Clouds and shadows

Physical Constraints
e Depth limits
* Lack of control

Sensors Useful for
Benthic Habitat Monitoring

Sensors
Medium-resolution satellites
Hyper-spectral instruments
Aerial photography
Airborne multi-spectral imagery
High-resolution satellites
Single-beam sensors
Side-scan sonar
Multibeam sonar
Bathymetric LIDAR

GWRC CZM Grant, Task 12.02, Part 3 9



Aerial Photography

General Characteristics

Emulsion based
imaging

Extremely high spatial
resolution

Affected by film
processing

Coarse spectral data
Requires rectification
RGB or CIR

Stereo coverage
available

Large archive

Digital Camera Imagery

[ Blue Jeiol | Subject
[ ]

 One chip for all colors
_Lens O « Interpolated spectral

information

Pixel array.

|
Amplifier and/or Storage Device
Flash Memory, RAM, or Hard Disk

Single-chip camera system, for example, Emerge.

GWRC CZM Grant, Task 12.02, Part 3

March 18, 2010
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Digital Camera Imagery

[Giceil RSN IR s.viec
[ |

T

Lens

Amplifier and/or Storage Device
Flash Memory, RAM, or Hard Disk

Multi-chip camera system, for example, DMC.

NOAA Coastal Services Center

Analog vs.

* One chip per band
» Beam splitter or filters
* Pure spectral data

Pixel array.

Digital Imagery

Film Characteristics Digital Characteristics
Extremely high spatial resolution Availability of multiple bands
Stereo coverage easily available Provided as rectified product
Large archive exists Pure spectral data

Emulsion based imaging affected
by processing

Increased radiometric resolution
Growing number of service

providers

Coarse spectral data
Requires rectification
Decreasing use

GWRC CZM Grant, Task 12.02, Part 3

Currently more expensive
Large file sizes

March 18, 2010
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Multi-Spectral vs. Acoustic Data

Multi-Spectral Characteristics

Comprehensive coverage in
shallow areas

Multiple bands possible

No reliable depth information
Superior at biotic cover
characterization

Affected by depth and turbidity
More vulnerable to
environmental conditions
Captures land-sea interface

Image Rectification
processes assign real-
world coordinates to image
pixels

Rectification is essential to:

Create the backdrop for other
data.

Mosaic multiple images.
Examine relationships with
other data.

Segment the image and assist
with image analysis.

GWRC CZM Grant, Task 12.02, Part 3

Acoustic Characteristics
Comprehensive coverage in
deeper water

Usually provides depth
information

Superior at substrate
characterization

Single wavelength (frequency)

Logistically difficult in shallow
water

Less suitable for automated
analysis

Image Rectification

March 18, 2010

12
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Rectification Types

Registration - The process of relating two spatial data sets to each
other. No coordinate system needed.

Georeferencing - The process of assigning map coordinates to already
projected spatial data.

Rectification - Involves warping an image to fit a given projection.

Ortho-rectification - Rectification process that includes elevational data
and corrects for terrain displacement.

Source: ERDAS Field Guide

NOAA Coastal Services Center

Two Steps in Rectification

1. Spatial Interpolation
» establishes geometric relationship between input pixels’ x-y
locations and corresponding real world coordinates
— uses ground control points (GCPs)
— performs least squares analysis

2. Spectral Interpolation
» determines the intensity (brightness) values of a spatially-
interpolated output pixel from the intensity value(s) of related
pixels in the original image
— nearest neighbor
— bilinear interpolation
— cubic convolution

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 13
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Transformation Orders

1st Order Transformation 2nd and Higher Order

+ Requires the fewest control points. Transformations

« Appropriate in high-relief areas
or when the imagery has less of
a vertical perspective (oblique).

oK

e Appropriate for use in low-relief
areas where the image is nearly
vertical.

original image change of scale in X change of scale in Y

| RN |

change of skew in X change of skew in Y rotation

ERDAS Field Guide

NOAA Coastal Services Center

The Three Resampling Methods

The relationship between surrounding input pixels (dark grey) used in
assigning spectral values to the output image pixel (light grey).

Nearest Neighbor Bilinear Interpolation Cubic Convolution

i

Ol o ' J - . c
Corrected + " i o | e Corected, |7 ~[-gSda’ \ .' Corrected «
Image « n - Image  _ |t r - . Image «
. L C . ) R - B

N 1

"

v
-t

-t L -d -t
S r T et el
Original Image . Original Image —F Original \mege/’ t -

ERDAS Field Guide

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 14



Advantages and Disadvantages of Each
Resampling Method

Resampling Method

Advantages

Disadvantages

Nearest Neighbor

Best preserves
spectral integrity

Simplest to perform

May break up linear
features such as
roads

May drop data values

Bilinear Interpolation

Most spatially
accurate

Some smoothing of
edges

Loss of extreme data
values

Cubic Convolution

Produces a smooth
image for
mosaicking

Tends to reduce
noise in the data

Computationally
intensive

Significant alteration
of spectral values

NOAA Coastal Services Center

Root Mean Square Error (RMSE)

* Expresses the

internal quality “fit” of the

transformation.

source

pixel —

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3

source GCP

fX residual

Y residual

— 2 pixel RMS error tolerance

(radius)

Retransformed coordinates
within this range are considered
correct

/—w RMS error
|

retransformed GCP

Doesn't necessarily mean
that the model is in the
correct ground position;
requires spatial accuracy
test.

March 18, 2010
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e Actual statistical
evaluation of positional !

Spatial Accuracy

source GCP '/X residual

accuracy on the ground. P RMS error

source

Y residual

retransformed GCP

Doesn't necessarily mean
that the model is in the

[ 2 pixel RMS error tolerance

pixel = (radius) correct ground position;

requires spatial accuracy
test.

Retransformed coordinates
within this range are considered
correct

Coastal Services Center

Exercise 1: Aerial Photograph Rectification

Objectives
Recognize the sources of spatial error in an aerial photograph

Demonstrate the ability to use supporting data to rectify an aerial
photograph

Understand the need to assess the accuracy of rectification

Steps

« Rectify an aerial photo using digital orthophotos as a reference
« Assess the resulting spatial accuracy using RMS

NOAA Coastal Services Center

GWRC CZM Grant, Task

12.02, Part 3

March 18, 2010

16



Exercise 1: Display the Unrectified Image

Navigate to c:\rs_training\benthic_habitat\ex_1.

Add:

* boguesound.tif
e E_ortho.sid

e W._ortho.sid

Activate:
» Georeferencing toolbar
- Effects toolbar

% Untitled - ArcMap - ArcYiew o =]

FBle Edt Yiew Insert Selection Tools Window Help ‘

DEEHE| L BRX oo b & |mans ]| 4

Laper: |boguesound - e+ |

|

J Georeferending * ‘ Layer: [ bogquescund.tf - &~ & |
E——————————— ||

RGE
Ml Red: Band_3
[ &reen; Band_2
MM Gl Band_
E B w_ortho.sid
Walue
High : 255

Low : 0

=] E_ortho.sid
value
High : 255

Low : 0

0 I

Source

Exercise 1: Select the Coordinate System

The Bogue Sound image
will be georeferenced to
Universal Transverse
Mercator (UTM) zone 18
North, North American
Datum (NAD) 1983,
meters.

General |

Marne: ILayels

Desciption

r~ Uni

Map Meters

Display:

GWRC CZM Grant, Task 12.02, Part 3

Data Frame Properties 2=

Arnotation Groups | EstentRectangles |  Frame | Size and Position |
General | DataFrame  CoodinateSystem | llumination | Grids | Map Cache

Curent coordinate spsten:

NAD_1583_UTM_Zone_18M
Projection: Transverse_Mercatar
Falze_E asting: 500000.000000
False_Morthing: 0.000000
Central_Meridian: -75.000000
Scale_Factor: 0.999600
Latitude_OF_Origin: 0.000000

Ll Ll_l Transfomations

Select a conrdinate system
-1 State Plane - Modity
Ut J Imnport.

= Clear

{21 State Spstems
{2 Nad 1327
(20 Nad 1383 Hew .

0 NAD 1383 UTH Zone 10H
i} NAD 1383 UTH Zone 1M £dd To Favortes

) NAD 1583 UTM Zone 130 b

] ﬁ NAD 1983 UITH Zone 13N 2| [Remeve From Favaries

% NAD 1983 UTM Zone 12N

T R

March 18, 2010
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Exercise 1: Examine Features for Control

Review the individual points used
to perform the rectification.

Coassal Sevvices Comter

LiNK et PECPLE O ECHNOLOG Y

Exercise 1: Georeferencing Tools

The Georeferencing toolbar offers a control point collection tool and
link table that displays the source image and projected image
coordinates, plus RMS error. Control points are collected by selecting
common geographic features in the source and projected imagery.

Transparency Swipe

Georeferencing

Georeferencing = ‘ Laper: | Boguesound tf - .V
L Laper: | Boguesound tif -
Add Control Points View Link Table el

Lik | XSowce | YGSouee |  ®Map |  YMap | Residual il Z00M TOOIS -

Pan =———

Previous EXtent g

L [
IF ko Adjust ITransfurmallUn |15t Order Palyrarial [Afine] x| Total AMS Evrar

Load... Save..

LiNKBads PECPLE O ECHNOLOG Y

GWRC CZM Grant, Task 12.02, Part 3
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Exercise 1: Establish the Geographic Links

= | ®=_Untitled - ArcMap - ArcView

File Edit View Insert Selection Tools Window Help

DEESEBX|o | b & ";€|i§33|:||k?|

Lover: [ bogussourd ti - iR~ |

boguesound.tif hd (:) - ’?
e 7a
El £ Layers @

[
N - \'Y
B M boguesound.tf ] Ir-. !
Link Table

Link___|
1

coreferencing = ‘ Layer:

XSouce |
7.345362

¥ Source
4707647

% Map [ YMap |

Fiesidual
3309033.050068 363332362137

4]

121

V¥ Auto Adjust  Transformation: |15t Order Polpnomial [Affing] ¥ | Tatal AMS Enor

Load... Save..

,TI ’7 3308075.29 363367.77 1 2
NOAA Coastal Services Center

ECHNOLDG Y

Exercise 1: Establish the Geographic
Links

GWRC CZM Grant, Task 12.02, Part 3
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Exercise 1: Review the Geographic Links

w =

The target RMS error for this
rectification is + 3 meters. The
rectification solution can be
improved by deleting the control
point links with the worst RMS
errors. Recreate or establish
alternate control points as
necessary.

¥ Source

Y Source | # Map | *r Map | Residual

7.341341
3688809
1.830575
4761759
2425315

4709293 2591928647875  348546.787195 27 76501
0573466 2607444945380 340447626011 19.86540
7.844387 2581855166820 351719.4450868 1343582
5.430407 2667487 493308 348792.533573 7.44342
3638508 1

J¥ futoAdust Transfomation: [1st Order Palynomial (8ffine] |~ Total RMS Evor: [21.64062

Load.. Save..

Exercise 1: Rectify the Image

Georeferencing | Layer: Iboguesouﬂd.t\f

s Bl

Update Georeferencing

Fit T Display.

Flip or Rotate

Cell Size |2

F Auto Adjust Output Faster.

Transformation Resample Type: INaarast Meighbor [for dizcrete data) j

Delete Cantral Paints

Reset Transformation

Update Display IC:\rs_tlaining\benthic_habitat\ex_] SUTM_Boguesound.img =

GWRC CZM Grant, Task 12.02, Part 3
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Exercise 1: Summary

Skills Practiced Important Things to
 Geographic feature recognition. Remember

 First order transformation » Field reference is needed for
procedures. spatial accuracy assessment.

* “Fine-tuning” a rectification to  Spatial error comes from
improve the spatial accuracy several sources:
(RMS) of the output data. — the sensor,
- the platform,
the terrain,
the measurement process,
the source of control.

Documenting the Results

Information that needs to be documented

The final RMS of the rectification
The source of control
Descriptions of the GCPs

The transformation order and resampling technique

GWRC CZM Grant, Task 12.02, Part 3 21
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Developing Benthic Data from
Aerial Imagery

Analysis Methods

Manual delineation

Unsupervised clustering ) Getting from here
Supervised clustering :
Feature analysis*
Image segmentation*

to here

Field data collection at several
points in the process

* Separate software modules

Advantages

« Simplest to perform

« Least infrastructure
required

Disadvantages

 Vulnerable to
subjectivity

» Depends strongly on
skilled analysts

* Less repeatability

Consider when:
e Other methods no longer yield useful results
« Limited digital analysis options exist

* When using analog photography

LINKBdGs PECPLE INFORMATION, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 3 22
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Unsupervised Clustering

Advantages

* Works from native
image information

* No requirement for
initial field data

Disadvantages

* May require more
iterations than other
methods

Consider when: _ o [ oysterwith mud
» Good spectral information is present High profile oyster

« Limited field data exists B vegetation

Advantages

* Works from field
information

Disadvantages

* Requires field data

* Field data may not be
optimal for whole
image area

—CO_nSIder Wh_en' . |:| Oyster with mud
* Field data is available High profile oyster

« Target features are well understood I ow profile oyster

GWRC CZM Grant, Task 12.02, Part 3 23



Feature Analysis

Advantages

* Incorporates more
than spectral
information

* Preserves “learning
process”

 Improves by repeated
iterations

Disadvantages

* Target focused

« Limited research to
date

* Only in one software

Consider when:
 Shape, configuration, and texture strongly characterize target
« Single feature detection required

« Spectral information alone insufficient

Principles of Mapping

Hue/Color

Context

GWRC CZM Grant, Task 12.02, Part 3
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Principles of Mapping

Minimum Mapping Unit
¢ Smallest contiguous unit
that will be mapped
— Any smaller habitats or
features will be aggregated
into larger units
Smaller unit = more detail,
but increased effort
Based on scale/resolution
of imagery
— Can't be smaller than
smallest pixel

LINK PG PEGPLE INFORMATION, AND TECHNGLO G Y

Principles of Mapping

Classification System

* Hierarchical systems are most
appropriate for remotely sensed
data. They allow for both general
and detailed information as
imagery/data permit.

The categories should be
exclusive and well defined.
Confusion in classification
systems can be a source of
thematic inaccuracy.

Coastal and Marine Ecological
Classification Standard (CMECS)

LINKBdGs PECPLE INFORMATION, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 3

Coastal and Marine Ecological Classification Standard
Version Il Benthic Component

Nearshore NS
Neritic NE
Oceanic OC
Estuarine ES
Freshwater Influenced FI

‘ Subsystem ‘ ‘ Subtidal 1 ‘ ‘ Intertidal 2 ‘

Colonized ¢
> 10% cover with flora or epifauna
e.g. Aquatic Bed AB

‘ Subclass ‘

Group Factors or group of factors within subclasses that are best
reflect the ecological function and biotic i

‘ e.g. Floating Vascular ‘

March 18, 2010

25



March 18, 2010

Principles of Mapping

Decision Rules

* Important for classes that are . Outer boundaries of beds are more

inherently a mixture of important than internal structure

different components (patchiness, shapes of sand patches
within beds).

Often involve a percentage of . Outer boundaries of beds are more

the mixture class important than density categorizations

Lo within beds.

Rules for assigning image . It is more important to capture small

features to thematic classes isolated patches of seagrass than similar
should be well described and sized patches that are part of a larger

bed.
followed . Err on the side of including patches rather

than excluding them.

. Where drift algae have accumulated in a
seagrass bed, attribute the polygon as
seagrass.

SIJRWMD seagrass mapping decision rules.

NOAA Coastal Services Center

Exercise 2: Seagrass Habitat Mapping

Objectives
« Integrate ancillary data for image segmentation
» Use field data to guide supervised spectral clustering

« Edit confused clusters

Steps
¢ Use an ancillary data set to constrain the clustering.

¢ Use supervised image processing techniques to identify shallow
water seagrass meadows.

e Apply a minimum mapping unit filter.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 26
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Exercise 2: Reference Information

Primarily eelgrass (Zostera marina)
e Occurs primarily on unconsolidated substrates in low and medium energy
environments
» Normally not deeper that 2.5 meters but can go deeper
e Grows up to 2 meters in height
Image Appearance Sources of Confusion
« Dark hue » Deep water
« Shallow areas * Dark bottom sediments
« Clumps and patches * Algae
» Small open-bottom areas within beds

Exercise 2: Signature Development

Image Features

A. Seagrass, note
clump pattern and
sharp edges

. Drift algae, note
deeper water and
soft edges, also
linear drift patterns

. Dark anoxic
sediment, note
smooth texture and
location

. Deep water, note
color and location

. Emergent marsh

NOA4 Coantal Services Center

TECHNDLO G ¥

GWRC CZM Grant, Task 12.02, Part 3 27
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Exercise 2: Reviewing the Imagery

Geoscanner
1-meter resolution
4 spectral bands

J File Edit Wiew Insert Selection Tools Window Help

1 =Blue IDEE&E B =~ & &[[=m .2 |@ag|p
2 = Green “=

£l M genscanner.img
Res: 1:9.566

3 =Red S
[ Green: Band_2
4 =NIR

MM Blue: Band_t

| g
Display Selection 202 n 4] | 2l
[ [3e2201.15 461953479 Mete

NOAA Coastal Services Center

Exercise 2: Classifying the bathymetry

@ Untitled - ArcMap - ArcYiew
Classification
= Fle Edt Wew Insert Selection Tools Window Help
i _
Classes: |7 ¥

Data
( Exchision Sampling

Columns: [100 =] I ShowStd Dev. [~

2000 = M geoscanner.img
Res: 1:9.566
RGB

MRed: Band_4

[ Green: Band_2

M Blue: Band_1

H _Display - 59"30”0”' jon|&u 4|

0 T
-16.87A26467 -12.45124818  -B1062

I™ Shap breaks to data values

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 28
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Exercise 2: Subsetting the Shallow

Multispectral Image
NOAA Model: Bathymetry Mask

Subset submerged areas less than 2.5 meters in depth from the GeoScanner
image using the NOAA bathymetry mask model.

= Uncitied frchap fucvien e

J Fle Edi Wew Inssrt Sslection Tools Window Help ‘

Input Bathymetric Grid

[Cs_tiininghberithi_habkaties, Zbathy.gid J D& @B X ‘ W o | * & | 1:35,000 Y ‘ & ‘ k? ‘
x -

Depth Shallower Than: E——— \ ‘{w

|_25 E £ Layers L ]
geoscanner_bathy
Raster Band 1 RGE

MRed Band_d
I Green: Band_2
Raster Band 2 MMEle: Band_t
O bathy_arid

O geascanner.ima

| C:rs_traininghbenthic_habitathex_Zhgenscanner.img!

[C2ws_baininghberthic_hatitat\ex_2\geoscannerimg!

Raster Band 3
| Crrs_traininghberthic_habitathex_2hgeascanner.img:

Raster Band 4

e .
[4s_taiingsberthic_habital\ex_2\geoscanner.img .

'
Output Raster

| Cres_traininghberthic_habitathex_2\geascanner_bal 4] | b
- - =

Display Selection Jaio @ | >

0K | Cancel | E"WU"WENS-| 358948.16 4620923.86 Mete

Exercise 2: Integrating Field Points for
Training Samples

@ Untitled - ArcMap - Arc¥iew

Flle Edit Wiew Insert Selection Tools Mindow Help

DEESE B |0 | & & |mm P

ALY

= £F Layers
= field_points
FIELDCLASS

.a\gae
.dense grass
.patchy grass

{Z)uneonsalidated

th:

FID Shape* 10 EASTING HORTHING CLASS FIELDCLASS DATE VIDEQ COMMEHT

0 |Pairt D46 360107 487 4618825 267 1 |dense grass 0621102 0 |zostera m.

1 |Paint ID#sST 360349 264 4620107 431 2 |algae 0621102 1 |gracilaria

2 |Paint D#168 360508989 4620311.853 1 |patchy grass 0Br2102 0 |short grass leaves.

3 |Paint D#112 360455928 4620535 634 1 |patchy grass 0Br2102 0 |scettered scallops present

Resord 14] 4] 0 »[»| Show[ Al Selected | Records (0 outof 13 Selected ) Options ~
NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 29



Exercise 2: Creating a Polygon Signature

File

edieor
Editor | S ”7' Taski [Create New Feature |

| Target: Ihenthltjamp\es = |X (&) | | ction Tools Window Help

- F £F Layers
habitat O field_peints

Dense SRV . —
habitat

[ algze

M Dense SRY

Unconsolidated [Cuncanselidated

geascanner_bathy._
bathy_grid

geoscanner.img

Algae

Shape*
7 |Palygon
& Polygon

Dense SRY
Dense SRY

1
1
a|Polygon 3 |Lnconsolidated

10 |Palvoon Aloae

[~
| B

2
Record: 14] 4 1| Shuw:W Eelectedl Records (0 out of 27 Selectzd )

361744.81 461918289 Mete j

NOAA Coastal Services Center

Exercise 2: Supervised Classification

NOAA Model: Supervised Classification

Flle Edit Wiew Insert Selection Tools Mindow Help

@ Untitled - ArcMap - ArcYiew

DEE8= 8%~ ¢

Input Multi-band Image Data —_— e

[Covs_naining\benthic_pabitaties_gsoscannd |5 £F Layers
O field_points

Input Class Samples
IE.\rsﬁtlaimng\benlhmihab\tat\exﬁZ\benlhiuﬁsa

Output Classified Raster

|E:\rs_tlalmng\benthu:_hab\tat\ex_Z\srv_supel qeoscanner_ bathy.
O bathy_grid
Superw.sed Signatures genscanner ima
|C:rs_siringtbenthic_habitather_2sr_supsr

K |
oK. Cancel
—I 4 Display - Selection |

| [359295.43 4621030,35 Mete

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3
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Exercise 2: Reviewing the Cluster Results

Spatial Analyst

Generalization and

Extraction tools.

* Majority Filter to
consolidate clusters
Boundary Clean
smooth edges
Region Group to
uniquely identify
contiguous clusters
Extract by Attribute

tool to select groups
that satisfy the MMU

& _Untitled - ArcMap - Arciew =10l

J Fle Edi Wew Inssrt Sslection Tools Window Help ‘

DBHSEB Y | v |+ & |17 v‘;ﬁl‘@%‘k‘?‘

E £ Layers
O field_paints
O benthic_samples
51 ed.img

geoscanner_bathy,
O bathy_arid
geoscanner.img

1 —
Dizplay Selection

35994513 462013084 Mete j

NOAA Coastal Services Center

Exercise 2: Applying the Minimum

Mapping Unit

NOAA Model: Minimum Mapping Unit

Input Single Class Raster
I C:\re_training'benthic_habitathex_24s

where (pixel count is == M
COUNT »>=1012

MMU Output Raster
IE ‘rz_trainingtbenthic_habitathex_24grtr-

0K Cancel _E

#=Minimum Mapping Unit -

@ Untitled - ArcMap - ArcYiew

Flle Edit Wiew Insert Selection Tools Mindow Help

Dﬁﬂéﬂx‘ﬂﬂ|¢¢|m‘ﬁ‘@a‘¥?

= £F Layers
[ field_points
[ benthic_samples
= M artr-acre-mmu_s
o
[Has
151
[Czoz

o

Display Selection

359868.72 4620126.57 Mete 7

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3
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Exercise 2: Review and Eliminate MMU
Clusters

[ ot moip-weoven
sy EEEEETT
Inpuit raster: Iqrtr-acre-mmu_s J DEEE&S B x ‘ Co | * & | 1:7.500 = ‘ 24 ‘ & ‘ L
——————x

Reclass field: IVaIue
EE=]

Set walues to reclassify—————— O field_points

O benthic_samples

= SRY_map.img
Habitat

[15ubmerged Roo
genscanner.img

¥ Change missing values to NoData

Output raster SRY_map.imd 4] |

Display Selection

| [350754.63 481982921 Mete /.ﬂ

NOAA Coastal Services Center

Exercise 2: Summary

Skills Practiced
¢ Integrate ancillary data with a remotely sensed image
» Use field data to guide supervised spectral clustering
» Review and edit mapping results

Important Things to
Remember

e Supervised classification is
controlled by the analyst who
creates sample sets of pixels.
The NOAA MMU model can be
used to consolidate clusters, filter
extraneous clusters, and provide
an opportunity to review and

eliminate misclassified clusters.

[ Submerged Rooted Yascular
NOAA Coastal Services Center
LI REN PEG PLE 18P0 £ ATE . AND TEC D00 & ¥

GWRC CZM Grant, Task 12.02, Part 3
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Documenting the Results

Information that needs to be documented
Classification system
Minimum mapping unit
Thematic accuracy
Spatial accuracy
Data development methods
Assessment methods
Ancillary data employed

NOAA Coastal Services Center

Other Benthic Mapping Technologies

* Single-Beam Seabed Classification

— Transects, depth, and acoustic response

Side-Scan Sonar
— Backscatter image with bathymetry*

Multi-Beam Sonar
— Bathymetry with backscatter

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3 33



Summary

Important Considerations for Benthic Mapping

Environmental Conditions —
Strongly affect project success

Rectification — Challenging over
open water

Classification Accuracy — Field
verification especially critical

Historical Data — Available, but
often not suitable

Share Resources — Lots of utility
for high-resolution imagery

Integrate Technologies — There
is no “one technology” solution

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 3
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Airborne:
CASI

Satellite:
SeaWIFS

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4

Coastal Ocean
Monitoring

Overview

* Introduction to Ocean
Sensors

» Data Availability
» Sea Surface Temperature
£ Imagery

» Exercise

= Ocean Color Imagery

: ’ « Exercises

March 18, 2010
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Remote Sensing of the Coastal Ocean

Coastal Issues

* Routine monitoring of
temperature and chlorophyll

Fisheries applications
Harmful algal blooms
Monitoring sewage outfall
Flooding effects
* Habitat characterization
 Climate change monitoring
* Oil spill response
 Coral bleaching events

http://www.sccoos.org/data/tracking/I| B/

Remote Sensing of the Coastal Ocean

Parameters

» Temperature
» Chlorophyll
 Turbidity

» Currents

GWRC CZM Grant, Task 12.02, Part 4 2
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Remote Sensing and Water

» Observe remote areas of water
» Near-surface view

» Waters are dynamic environments — need for
frequent access to near real-time imagery

bt
i

Daily Advanced Very High Resolution Radiometer (AVHRR) sea surface temperature.

NOAA Coastal Services Center

Spatial Resolution

» Original use of satellites
was for large features
(1-kilometer resolution)

» Coastal waters need
new satellite sensors
(360 to 250-meter
resolution) or aircraft
Sensors

360-meter pixel
Ocean Color Monito

1-kilometer pixel
SeaWiFS/OrbView2

Images courtesy of SeaSpace Corporation.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4 3
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Ocean Observing Systems

Integrated Ocean Observing System (I00S) - network of

observations designed to measure and predict the effects of global

climate change, coastal ecosystems, and human activities.

* Validate image data using in- 2 o)
situ sensors

* In-situ sensors provide
information throughout the
water column

* In-situ sensors provide
information at higher temporal
resolution

& SAOAA Connstal Services Crnter

http://obsregistry.org/index.php

Ocean Observing Systems

Integrated Ocean Observing System (I0OS) - network of
observations designed to measure and predict the effects of global
climate change, coastal ecosystems, and human activities.

 Validate image data using in-
situ sensors

« In-situ sensors provide d
information throughout the T COASTS:
water column | OCEANS

« In-situ sensors provide :
information at higher temporal
resolution

http://www.ocean.us/

http://obsregistry.org/index.php

GWRC CZM Grant, Task 12.02, Part 4 4
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Data Availability and
Formats

Considerations
* Application
— Base Map
— Data
» Software Compatibility
— Graphics package
— Geographic information system
— Image analysis

NOAA Coastal Services Center

Data Formats

Format Product Use Pros Cons
GeoTIFF Ocean Color GIS Retains easy georeferencing Data values are scaled

GOES-SST  Graphics Easy to import

Binary Ocean Color GIS Retains values for analysis Requires header file
Raster and data file

POES-SST

HDF/CEOS Ocean Color Scientific Retains georeferencing, Large image size
Analysis

Contains all spectral bands in Requires special
one file software

Ocean Color Graphics Easy to import No georeferencing

GOES-SST Small file size Data values are scaled

NetCDF HF Radar Scientific Becoming a standard for array ~ New to the user
Analysis and gridded data community

Data translation
methods still in
development

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4 5



GIS-Compatible Data Formats

| e e e i ke 0

T T e i e 1T I =T
i -- 0

Caloisl

GeoTIFF
Grid of pixels
Usually 8-bit (values limited

to integer numbers from O

to 255)

Widely compatible with
common software

Image and georeferencing
information in a single file

More GIS-Compatible Formats

Binary Raster

* Two files — data and
header

 32-bit floating point
binary provides greater
precision

« Cannot be viewed
directly

GWRC CZM Grant, Task 12.02, Part 4

Example of binary

raster header
(.hdr) file

ncols 512
nrows 512

xllcorner -
10894558.08

Ilcorner
785236.934

cellsize
1469.953191
nodata_value

-999.0000000

byteorder
LSBFIRST

Example of
gridded 32-bit
data (.flt) file

23.0000

24.350000

20.38000

10.00000

-999.0000

15.320000

2.300000

-1.423000

0.000000

March 18, 2010
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ESRI GRID Format

GRID supports 32-bit
integer and 32-bit
floating-point raster
grids.

ArcGIS can convert
binary raster data into
GRID.

Array of equally sized
— ; square cells with
Loy [Torp aeatC individual values.

[=-Temp deq C |Location: [-9324382 995275 3195426.167227)
GRIDs can represent

operty | Value

Popery [Vake ]
N complex gridded data
values.

NOAA Coastal Services Center

- Sea Surface Temperature Sensors

~ Polar Operational Environmental
Satellites (POES)

Advanced Very High Resolution
Radiometer (AVHRR)

Moderate resolution Imaging Satellite
(MODIS)

Geostationary Operational
Environmental Satellites
(GOES)

Imager

NOAA Coantal Services Comter

GWRC CZM Grant, Task 12.02, Part 4 7



Sea Surface Temperature Uses

HOAAHESDNS Cunwd HulSpule, 4,/7/2008
— 100 ]

http://coralreefwatch-satops.noaa.gov/SBA.html

Sea turtle and marine mammal
habitat

Monitoring and modeling larval
recruitment

Monitoring industrial sewage
treatment outfalls

Sport fishing locations and
sailing routes

Climate change monitoring
Coral bleaching warnings

Visible and Infrared Sensors

Wavelength
Range (um)

Application

0.58-0.68
(visible)

0.73-1.10
(shortwave IR)
3.55-3.93
(thermal IR)

10.30-11.30
(thermal IR)

115-125
(thermal IR)

Cloud, pollution,
and haze
detection; severe
storm

Surface water,
snow, ice

Fog, water,
clouds, and snow;
fires and
volcanoes; sst

Day/night clouds
and surface
temperature

Moisture/water
vapor; sst; dust
and volcanic ash

NOA4 Coantal Services Center

TECHNDLO G ¥

GWRC CZM Grant, Task 12.02, Part 4
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Access to SST

NOAA

* Near Real-Time —
Coastwatch

« Historical — Satellite
Active Archive

Other sources

* Integrated Ocean
Observing System

* Academic — regional
coverage

* Commercial — value
added

NOAA Coastal Services Center

http://coastwatch.noaa.gov/cwn/search/interface.html

http://obsregistry.org/index.php

Exercise 1: Extracting SST Values and
Defining Temperature Habitats

Objectives

* Recognize tools to improve
image interpretation for
ocean features.

Evaluate the use of SST
imagery with vector data to
identify ocean habitat.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4

Steps

Convert SST binary raster
files to GRID format

Extract values of SST from
image

Analyze imagery with
additional data layers

Query data for specific fish
habitats

March 18, 2010



Extracting SST along a Transect

» Validate and
verify point and
image-derived
temperature

* Provide data
between stations

« Visual context for
measurements

= Untithed - Arciap - ArcVies
| Ho EdE Yiew Jrst Selection Touks iiedow Helo

| s | > [#
B
o]

BECCE

10l

s [Froc Hom Fasire

o o I o] ([ | A KR | spmsansre v | Lo [reorich

= | T [ slERIEE|

Habitat Characterization for Fisheries

o batabusrshe

ol FLamtahp
-

o Faditassnp

o Seshens ahn
N

o Map Catulstion 1
a

]
s
] salndy

GWRC CZM Grant, Task 12.02, Part 4

Management

Imagery
— Temperature preferences

Vector data
— Bathymetry
— Jurisdictional boundaries

March 18, 2010
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Exercise 1: Extracting SST Values and
Defining Temperature Habitats

Objectives

« Recognize tools to improve
image interpretation for
ocean features
Evaluate the use of SST
imagery with vector data to
identify ocean habitat

NOAA Coastal Services Center

Steps

Convert SST binary raster
files to GRID format

Extract values of SST from
image

Analyze imagery with
additional data layers

Query data for specific fish
habitats

Summary for Exercise 1

SST imagery provides a regional perspective for the

surface water temperature.

Rescaling imagery may improve the visualization of the
data and make interpretation easier.

Metadata that specifies the projection of the imagery is
important for use with other geographic data.

Oceanographic information, such as SST, changes
rapidly. Quick and easy access to imagery is important for

many applications.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4

March 18, 2010
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Ocean Color

Ocean color is determined by
the absorption and scattering
of light by the contents of the
water.

Phytoplankton
Sediments

Colored dissolved
organic matter

Water

NOAA Coastal Services Center

Absorption and Scattering of Light

Absorption — light
absorbed by water or
something in the water absorption

Scattering — light
scattered off of water scattering
molecules or particles

Fluorescence - light
absorbed and re-emitted
at a longer wavelength

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4 12
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Absorption and Scattering Spectra

I |— Water
[ |— CDOM and Tripton
' [—Phytoplankton

— Small Size Distribution
—— Large Size Distribution
— Water

Absorption

Backscattering
o
o
o
N

600

Wavelength [nm]

500 600
Wavelength [nm]

NOAA Coastal Services Center

Ocean Color Reflectance

Reflectance « Backscattering
Absorption

Open ocean
Coastal waters

Reflectance

Wavelength [nm]

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4
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Sensor Specifications

X Rays |Ultraviolet Infrared Microwave

* Narrow bands in the -
visible /b\

Placed to estimate
sediments, organic
materials, or
phytoplankton at the g
surface 1 B e

Reflectance

600
Wavelength [nm]

Ocean Color Platforms

8 Satellite Sensors
SeaWiFS/OrbView2 — U.S. government and
private industry
MODIS on Aqua — U.S.
Ocean Color Monitor (OCM) — India
MERIS — European Space Agency
VIIRS — U.S.

Aircraft Sensors

* SeaWiFS Airborne Simulator (MicroSAS)

» Compact Airborne Spectrographic Imager
(CASI)

* (AISA)

GWRC CZM Grant, Task 12.02, Part 4

March 18, 2010
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Hyperspectral Aircraft Sensors

Detect energy over many
wavelengths, usually at
least 50 or more

Used for land and ocean
feature discrimination

D_iscriminate subtle Airborne Visible/Infrared Imaging
differences between Spectrometer (AVIRIS) image
similar targets 4000 —

Increased data makes
computation intensive

More commonly available
in research community

C:Marsh

3000 ~

e D; Marsh 2.

e - TreES

2000

1000 ~

Radiance (uW cm-2 nm-1 sr-1)

0 T T ; '
250 500 750 1000 1250 1500
Wavelength (nm)

NOAA Coastal Services Center

Ocean Color Interpretation

Passive sensors are less
accurate in coastal areas
than open ocean.

« Difficult to distinguish
between chlorophyll,
dissolved organics, and
turbidity
The bottom affects
measurements in shallow
waters
Small areas of interest not
captured by the satellite
spatial resolution of 1
kilometer

Atmospheric effects

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4 15



Exercise 2. Using SeaWiFS Ocean Color
Imagery to Determine Monitoring Strategies

Objectives

* Become familiar with the use of
imagery in GeoTIFF format

« Recognize differences between
actual values and scaled data

e Assess the use of imagery for
water quality monitoring

Steps

e Convert scaled data to chlorophyll
concentration

e Evaluate the use of imagery in
monitoring for harmful algae

LiNK et PEGPLE INFORMATION, AND TECHNOLD G Y

Summary for Exercise 2

* GeoTIFFs provide valuable information in a scaled
format.
Multiple types of data and imagery used together will
reveal more information than any of the data types
used alone.
Ephemeral nature of phytoplankton bloom illustrates
need for high temporal resolution data.

GWRC CZM Grant, Task 12.02, Part 4

March 18, 2010
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Algal Bloom Monitoring

Karenia brevis

& Port Charlotte, Florida
October 2000

Collier County

Maples Pier

Last Report D4/107008 10 22am
Water Color Clear
Wind Digction
Surt Condiions
rlotte Sun Herald Dead Fish
Resgiratory ritatice
Ried Drit Mgt
Rid Drift Loc ation

http://lwww.coolgate.mote.org/beachconditions

Bronder, Fenstermacher

Gulf of Mexico Harmful Algal
Bleom Bulletin

5 December 2003

NOAA OC2an Service

HNa A Satellites and Tnfrmation Services.

Last bulktin: December 2, 2005

Conditions Report

Harmful algal bloomns have been identified in patches from Dixie to
Levy. Pinellas to Clarlotte Counties, and Momnroe County. Very low
impacts ae possible today in Pinellas County. Low impacts am possi-
ble today in Dixie, Levy. Manatee. Charlotie. and Monroe Counties.
with possible very low impacts tomomrow through Wednesday. Patchy
moderate impacts are possible today in Samsota County, with possible
very low impacts tomomow through Wednesday. Discolored water may
be present.

CHLD A g -]

Analysis

The bloom persists along shore from Dixie w Levy, Pinellas to Char-
lotte Counties, and offshare of Lee and Collier Counties. FWRT sample
data from st week indicate medinm congentrations of Karenia brevis
n Sarasota County and & high concentration off shore of Collier
County. Tmagery frem 12/3 continues to show an high chlorophyl fea-
ture extending along the coast from just south of Tampa Bay to just
narth of Charlotte Earbor. Near the north end of this feature, at
27°24'N 82°48"W, imagery indicates a chorophyll concentration =17
pig/L. Near the sout end of said feature, at 26°50°N §2°28"W, the con- T
centration is 10 xg'l. Several points within this feature had concentra- 2
tions =20 wg/L, inclding 27°05°N 82°32"W. A wind transport modal =

Satelite chiorophyll image with possible HAB areas shown by red poly goais).

"o 10 ‘Wind conditions from Venice Pier. FL

indicates nonthward bloom ransport of 20 km singe 121, Offshor -
expansion and mtemsification of the bloom is possible through Wednes- g [ S
day [+ N
1]
A bloom has formed near the Florida Kays Mote Marine Lab sample 'E 0
data from last week shaws low Karenia brevis concentrations north and = N N N N N
south of the Keys. Fish kills and discolored water were reported as ; Nov 18 Now 21 Nov 28 Dect Dec 08
well. Imagery indicates a chlorophyll concentration >3 «g/L north of Wind speed and dimction am averaged over 12 hours from buoy measurerents. Length of line indicates.
the lower Keys at 24°50°N 81°42"W. Variable winds through Wednes- peed: angle indkcaies drection. Red indlcates that the wind diection fav ling near the ooast. Values
ety will result i il pet moverent of tie bloon m the e af the datrad vartes] ine ae masam d valie s valnes mrha right sm seecasrs
P o 0 i srictors on l S S gy doeod fo e, Sw Flori@:l@; wmﬁy“’;ﬁl b:.dwpmwesr (15 kts, & més) today, northeast (20 kts, 10 mes)
1. Diats am e sricted to il marine applications anly; Lz, federal, state, ‘omoriow throug nesdzy.

and bocal governme ntusedistnbation b5 parmite

2. Image products may be pubdishe § in newspagers, Ay atber publishing
‘armangements st e Orbimage approval via ihe CoastWaich Pro-
gram

Lawer Keys: Winds will be southeast (9 kts, 5 m/s) today, west hecoming north (13 ks,
7 nw's) tomarrow, east (13 ks, 7 ny's) We dne sday,

GWRC CZM Grant, Task 12.02, Part 4 17
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Sources for Satellite Ocean Color Data

SeaWiFS

* NASA Goddard
Distributed Active
Archive Center

» CoastWatch
* Orblmage, Inc.

MODIS

¢ NASA MODIS Web

» CoastWatch

» Academic Institutions

» |OOS Observation
Registry

NOAA Coastal Services Center

Conclusion

Multiple types of data and imagery used together will
reveal more information than any of the data types
used alone.

SST data are available at no cost from NOAA
CoastWatch and other institutions in several formats.

Ocean color data are available from government,
commercial, and academic providers. The choice of
provider will depend on the use for the data, available
resources for processing data, and the need for real-
time access.

Real-time uses for oceanic (and atmospheric)
imagery require high temporal resolution with rapid
processing and easy availability.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 4 18



Coastal Applications Using
Remotely. Sensed Topography

Overview
Defining Elevation Data

Management Issues and Topographic Applications
Definitions and Accuracy

Methods for Measuring Topography

Exercises

1. Determining the Setback
Line in a Barrier Island
Community . e

2. Comparing Topography ;
Data for Land-Use
Decisions

Wrightsville Beach, North Carolina.

United States Geological Survey

GWRC CZM Grant, Task 12.02, Part 5
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« Defining Elevation Data

Topography
The general shape or form of the land
surface, determined by analyzing the
elevation of the land

Bathymetry
The general configuration of the seafloor
represented by depth data

Data can be displayed in various formats: Ground elevation contours were derived

~ H from LIDAR point data and draped on top
Pomts . of the LIDAR "intensity image.“ Source:
- Contour lines CSC Website

- Raster

Erosion Issues

Shoreline protection

Setback lines

Storm-driven

Long-term erosion U SasSeoopn s

\

National Park Service

GWRC CZM Grant, Task 12.02, Part 5 2



Habitat Issues

Sea Beach Amaranth

— Grows only in the Carolinas
and Long Island

— Narrow range of elevation
above sea level.

— Endangered colonizing
species

Brown Pelican

— Only nests on islands that
have sufficient high ground to
avoid tidal flooding

Amaranthus
pumilus

* fugitive

* intolerant of
competition

* requires disturbance

 narrow elevation range
on non-eroding beaches
(Bucher and Weakley
1990)

| habitat is relatively
homogenous

Bobbi Angell @ 1987

GWRC CZM Grant, Task 12.02, Part 5

March 18, 2010
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Probability a cell contains Suitable Habitat

[ os0-075 [ >0.75

®  Plant Location

Area Enlarged

Probability a cell contains Suitable Habitat
[ o050-075 [l >075
— Mean High Water (MHW)
— MHW+0.77m
— MHW+2.00m
Plant Location

Area Enlarged

GWRC CZM Grant, Task 12.02, Part 5 4
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Habitat Issues

Brown Pelican

— Only nests on islands
that have sufficient high
ground to avoid tidal
flooding

§ — On the endangered
species list in most of
the U.S.

Habitat Issues

March 18, 2010
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Topography Applications

North Carolina beach change due to Hurricane Bonnie,
September, 1998

Volume Change / Beach Length X Statewide erosion
{eubic yards | yard) -
analyses
Floodplain mapping
Local erosion
analyses

Local management
decisions

Topography Applications

Statewide erosion
analyses

Floodplain mapping

Local erosion
analyses

Local management
decisions

N Caliper
FEMA Floodplain map for the Miami, Florida,
region, created with Maptitude® GIS for Windows

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5 6
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Floodplain Mapping

Topography Applications

Statewide erosion
analyses

Floodplain mapping
Local erosion
analyses

Local management
- decisions

April 1998: Post El Nifio oblique aerial photo of Pacifica,
California and LIDAR elevations. Colors on the elevation
figure show the amount of vertical change from September
1997 to April, 1998.

LINKBdGs PECPLE INFORMATION, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 5 7
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Topography Applications

Statewide erosion
analyses

Floodplain mapping

Local erosion
analyses

Local management
decisions

¥ 4

Risk zones due to long-term erosion, Newport, Oregon.
NOAA Coastal Services Center

Coastal Planning
i i — W‘ ’

MSL

MHW

MHW + 0.6 m
MHW + 0.8 m

Hurricane
Hugo
Hugo + 0.8

GWRC CZM Grant, Task 12.02, Part 5 8
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Shoreline Change Visualization
1997

2000

2007

Isle of Palms — Wild Dunes @

Coastal Morphology

Folly Beach 1997 2000 2007

GWRC CZM Grant, Task 12.02, Part 5 9
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Volumetric Analysis

Folly — Quantifying Change

Forestry Applications with Lidar

, can model:
L e Treesize
° [l * Tree density
*. « Canopy Volume

» Crown Bulk

e Side View
Top View

From McGaughey et al., “Direct Measurement of Individual Tree
Characteristics from Lidar Data”, USDA Forest Service
NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5 10
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Base of Live Canopy from LIDAR

Remove majority

i MG %EEF ey of canopy points
3 e '@:ﬂﬂ ?&M}’% from 1streturn

7 ;;-;* data.
¥

Retain highest
remaining
points to surface
base of canopy.

Height to Base of Live Canopy
(H,,.) Determination

GWRC CZM Grant, Task 12.02, Part 5 11
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Common Terminology

T /.

DEM - Digital
Elevation Model
TIN — Triangulated
Irregular Network £ VANES
DSM — Digital Surface Th X :
Model A .

DTM - Digitial Terrain
Model

DTED - Digital Terrain
Elevation Data

TIN representation

Raster DEM
representation

» Digital Elevation Models

< Adigital elevation model (DEM) is
a model containing elevations at
points arranged in a raster data
structure where each cell value
represents a height or depth value

¢ DEMs are used in a number of
applications, including
¢ 3D visualization
Watershed delineations 30-meter DEM for
Flood modeling and mapping 562 | 639 | -624 | 50. Florida counties,
Coastal hazards mapping Escarbia, Santa Rosa,
Shoreline change

GWRC CZM Grant, Task 12.02, Part 5 12



Accuracy: Perfection Is Not An Option

Accuracy is defined as “the closeness of an estimated value to a
standard or accepted (true) value of a particular quantity” (National
Digital Elevation Program).

Horizontal and vertical accuracy is the positional accuracy in relation
to a specified horizontal and vertical datum.

Vertical accuracy is the primary factor for specifying the quality of
elevation data.

Accuracy requirements depend on the intended application; high

vertical accuracy is normally required for floodplain management
applications.

NOAA Coastal Services Center

Vertical Accuracy

NMAS NMAS NSSDA

° MUI“pIe WayS to Equivalent VMAS 90 Accuracy, 95

Contour percent percent
Interval confidence conformance

express an accuracy level level

Max Error

Standard Tolerance
0.5ft 0.30 ftor 9.25 0.60 ftor 18.2
National Standard for o o
. 2 1ft 0.61 ftor 18.5 1.19ftor 36.3
Spatial Data Accuracy om om
(NSSDA) is the current 2t L2ftors7.0 | 238ftor 726
Standard 251t 1.52 ftor 46.3 2.98 ft or 90.8

cm cm

Root Mean Squal’e 51t 304ftor92.7 596 ftor
. cm 1816 m
Error vertical (RMSE,)
10t 6.08 ft or 11.92ftor
measurement assumes 1853m 3632m
a normal distribution of o aoem roeam
errors 401t 24.32ftor 47.66 ftor

7.412m 14.528 m

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5
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Accuracy Standards and Guidelines

* National Map Accuracy Standards
(NMAS)

National Standard for Spatial Data
Accuracy (NSSDA):
http://www.fgdc.gov/standards/standards
_publications/

International Hydrographic Association
Standards for Hydrographic Surveys:
http://mww.iho.shom.fr/

National Digital Elevation Program
Guidelines for Digital Elevation Data:
http://www.ndep.gov/

NOAA Coastal Services Center

2 Remote Sensing for Coastal Management - Sensor Summaries - LIDAR - Microsoft Internet Explorer

File Edit View Favorites Tools  Help

@Back A ] \ﬂ @ :] /.:\‘Search ‘;?Favomtes ﬁ‘} [7\'- :\7 v - _J ﬂ J% ﬁ

Address @http:n’www‘csc‘nuaa‘quvﬂcrsﬂrsiappsfsensorsflidar.htm v GD Links @ v

Center Home
About the Center

w NOAA Coastal Services Center

LINKING PEOPLE, INFORMATION, AND TECHNOLOGY Prograrn Aress

Pacific Services Center

[ co |
Advanced Search LIDAR

Coastal Remote Sensing

B te Sensing f Sumrnary | Different Data Products | Applied Uses | Specifications | Data Ordering Details |
emaote Sensing for
Coastal Manage“,,,ent Frequently Asked Questions | For Maore Infarmation
sensor summaries To browse elevation data available for download or learn more about topographic mapping activities at e ==
pitborne Sensors the NOAA Coastal Services Center, please visit our Topographic Change Mapping home page. - 7 -
o IfSAR 7
8\
¢ LIDAR Summary e
. ;}I‘L““;:;Zma‘ LIDAR (Light Detection And Ranging) is an active sensor, similar to radar, that transmits laser pulses to a target !
Systerns and records the time it takes for the pulse to retum to the sensor receiver. This technology is currently being used

for high-resolution topographic mapping by mounting a LIDAR sensor, integrated with Global Positioning System
(GPS) and inertial measurement unit (IMU) technology, to the bottom of aircraft and measuring the pulse return
rate to determine surface elevations.

® Thermal Infared
Radiornater

® Hyperspectral

Systems
Late 60's: 1993: First commercial LIDAR
Shipbasrd 5
[phasrd sensars LIDAR technology beginning to develop topographic mapping system
Moderate Resolution E 3 ¥
el R
High Resalution 1970 1980 1990 2000
Satellita
Applied Uses v
E] #® Internct

GWRC CZM Grant, Task 12.02, Part 5
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Remote Sensing Topography: LIDAR

 Light Detection and Ranging
(LIDAR)
Usually aircraft platforms
High vertical accuracy
+10 centimeters RMSE,
Laser measures aircraft-
ground distance
GPS, INS give precise
location and orientation of
aircraft

Post-flight, calculate ground
elevation

Spencer B. Gross, Inc.

NOAA Coastal Services Center

Oscillating mirror Palmer scanner

RN

Laser Scanner Patterns N
!

After Wehr, A. and U Lohr, 1999, Airborne laser i i = i
scanning - an introduction and overview, Rotating polygon Fiber optic array
ISPRS Journal of Photogrammetry and Remote fier switch  fiber

Sensing, 54, 68-82, adapted by the University
of Texas at Austin Coastal Studies Group.

=8==

Oscillating Palmer Rotating Fiber optic array
mirror scanner polygon

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5

March 18, 2010
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LIDAR Collection Example

* Rotating mirror
gives helical
scans

Multiple passes

for coverage

and data density
Oscillating Rotating

mirror polygon
scanner

NOAA Coastal Services Center

Multiple-Return LIDAR

meters

Pulse emission

* Multiple returns
from one laser
pulse

Tree, shrub,
and ground
elevations

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5 16



LIDAR-derived

Bare-Earth Surface Model

LiNK et PEGPLE INFORMATION, AND TECHNOLD G Y

LINKBdGs PEGPLE INFORMATION, AND TECHNGLD G Y

GWRC CZM Grant, Task 12.02, Part 5

Hans-Erik Andersen
Precision Forestry Cooperative
University of Washington, Seattle

Steve Reutebuch & Bob McGaughey
USDA Forest Service
PNW Research Station

LIDAR-derived
Canopy Surface Model

i\
Hans-Erik Andersen

Precision Forestry Cooperative
University of Washington, Seattle

Steve Reutebuch & Bob McGaughey
USDA Forest Service
PNW Research Station

aattle \Alachinaton
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Vegetation in Lidar

Lidar profile through
vegetation (4m by
80m strip)

One-hectar area with return
data colored by intensity,
overlain on shaded terrain
model. Y

From McGaughey and Carson, “Fusing LIDAR Data,
Photographs and Other Data Using 2D and 3D

SeaSat

8081 =288 B4 0 - 3708 50

LR S R TR R ST 11
Latitude Latitude

First Earth-orbiting satellite designed for
remote sensing of the Earth's oceans and
had onboard the first spaceborne
synthetic aperture radar (SAR).

Seasat SAR operated for 105 days until

a massive short circuit in the satellite Initial maps of global seafloor topography using
electrical system ended the mission. SeaSat altimetry, SAR, and ship depth soundings.

uonaary] Puppuasdy iy ehpeapieq euedeg
uacey Buow

astal Services

LINKBiG FEGPLE INFORMATIIN. AND TECHNGLOG Y
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SeaSat

* Maps sea floor spreading
» Supports emerging theory of plate tectonics
* Maps plate boundaries

Lamont-Doherty Geaological Observatory of Columbia University, New York

The map shows the morphological features of the ocean floor at a gross scale. These
features are largely the mid-ocean ridges, the trenches, and the many transverse faults
that emanate from either side of the ridges as the sea floor spreads in both directions
away from these ridges.

SeaSat

astal Services

LINKBiG FEGPLE INFORMATIIN. ANG IECHNGLOG Y

GWRC CZM Grant, Task 12.02, Part 5 19



March 18, 2010

Shuttle Imaging Radar Missions

USGS. -’FLAESTAFFT“Z-
& JPL ]

Shuttle Radar Topography Mission
C-band

The SRTM radar contained two
types of antenna panels, C-band
and X-band. The near-global 30
meter resolution topographic maps
of Earth are made from the C-band
radar data

GWRC CZM Grant, Task 12.02, Part 5 20
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ﬁ Ramote Sensing for Coastal Management

Addvarred Searh IfSAR

Cuaslal Resile Sensing
Summary | Diffarent Data Producte | Applied Uses | Spacifications | Diata Ordaring Detaile |
Frequently Asked Questions | For More Information

To biwweie elevation data available for dewnload o leam more aboul lnpographic
mapping activities at the NOAA Coastal Services Center, please visit our i
Change Mapping home page.

» LIDAR
Summary

Intericrometne Synthehc Apcriure Hadar (B5AH or InSAH]) 15 an arcraft mounted sensor
_ desiqnad to measure surface elovation, which is used to produce topographic irmagery. Radar
. Frf:'i:‘n:‘fft"“ pulses are simed at targets on the Earth, and the retum ground signals are recefved by two

= = anlennas e reand slevalinnes () s specii: goomd cooedimles (250 The g conndisetes
are determined by Global Positioning System (GP3) and inedial measurement unit (IMU) technology. Post-processing of these data
produces topographic information in the form of othorectified rader imagery (ORRD.

® Alrbome
Mutispacteal

Shipboard Senzors

Moderste Rasolution Late ‘IDBDs the ues of Early 19705 aitbome radar

Salellile randar usadd fir 1696, the first

Tl Creerb beginning bodm‘l:lDP lopographic measurements oommercial ISAR
satzllite

e 1960 1970 1980 1990 2000

-]

Remote Sensing Topography:

Interferometric
Synthetic Aperture
Radar (IFSAR)
Works through :
clouds / S Y

SAR (Interferogram)

SAR
image

Processing

Creates radar
images "y Phase. J
Differences in pmeerometer

elevation create

Inte rfe rence patterns h statio.n for differential processing; no

Altithde other ground control points are
1

Note: STAR-3i uses one GPS ground

required.

Post-process to |

calculate elevations

Intermap Technologies

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5

March 18, 2010

21



March 18, 2010

- M

mmmmmm

oy B

Imaging different types of surface with radar

IFSAR Examples

Synthetic Aperture Radar Image Digital Elevatlon Model

GWRC CZM Grant, Task 12.02, Part 5 22



Remote Sensing Topography:
Photogrammetry

» Stereo-pair
photographs
Usually from
aircraft
Manually and/or
automatically
compare to
derive elevations

Sadie Cove, Alaska.

Topography Method Comparison

Air Photo <10cm No Must see ground
from two angles

LIDAR 10cm No Yes Mustsee ground
from one angle

IfSAR 50cm  Yes Yes P-band can penetrate

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5
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Inundation Modeling
photojournal.jpl.nasa.gov/archive/PIA06674.gif

0 meters

NOAA Coastal Services Center

Horizontal Resolution

Needs are application
dependent.

IfSAR is currently about 2.5
meter at best.

Lidar varies a lot

— Often 1 or 2 meter spacing
between points for flood
mapping.

Often greater than 4 points
per square meter for
forestry applications.

Laser spot size may be a
limiting factor.

Multiple flights can be used
to increase resolution.

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5 24



Horizontal Resolution

USGS 7.5 " Digital
Elevation Model (DEM)

LIDAR

Horizontal Resolution Effects

Entrenchment Calculation with USGS 10m DEM

=
S
3
o
w

Entranchment Calculation with IFSAR
7 A

Elevation

Distance Distance

The entrenchment calculation being applied in Southern California
evaluates the width to depth ratio of active channels

NOAA Coastal Services Center

GWRC CZM Grant, Task 12.02, Part 5
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DEM Accuracy and Sea Level Rise Results

3m lidar DEM 10m National Elevation
Datset EM V:~1

0.5m Sea
Level Rise

0.5m Sea
Level Rise + fF
1Root |
Mean
Square Error §
(RMSE)

.-:\erinl Photograpl
Acrial Photoaral (Urbal?%
* Accuracy and (Tropical)
resolution
determine cost

L
* As technologies
mature, costs
decrease

&
Data licensing can
SPOT

be an issue
RADARS’ AR (Licensed)

g

Unit Price (US $/km?)

1

100 01

1 1
Vertical Accuracy (m) RMS
Adapted and updated from Mercer, B.J., Thornton, S., Tennant K.
Operational DEM Production from Airborne Interferometry and from

RADARSAT Stereo Technologies, 1998 ASPRS - RTI Annual
Conference.

Note: Graphic for general guidance only.
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Factors Affecting Cost

Flightline complexity
Point density or horizontal ground sample distance
Processing/product requirements (e.g. bare earth)

Acquisition constraints
— Specific tide conditions
— Airspace restrictions

Weather
— Areas that are typically cloudy

Mobilization
Accuracy requirements

Topographic Data:

Wherels Elevation Data Available for Donload?

Y

GWRC CZM Grant, Task 12.02, Part 5 27



RS

USGS National Elevation Dataset (NED)

s—« Typically Old
54« Quality Varies

~_Earth
» Artifacts

Elevation (NAVD88, meters)

NED and Inundation Mapping

e _idar
====NED 1/3 Arc Sec
===NED 1ArcSec |

+- » Not always Bare

2\
Shoreline
1-
0~ T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800
a1 -
2 -
Distance Along Transect (meters)
Mgy — ey e BN e gerey e o g 2 e
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NOAA Digital Coast Data Availability

‘ K
'- ik
levation Datd
“ IEE
Lidar

WwWWw.csc.noaa.gov/digitalcoast | 7/17/09

o S -

Lidar.é,r.usgs.gov o
L | 3 5

5y
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idar Data Availability
Louisiana

Atlas.Isu.edu

Topo/Bathy Data Availability

LIDAR Complete Not in Study Area
| i ]» NOAA Hydrographic Data . L

LIDAR in P =
. i i Proposed Bathy LIDAR

I:l Photogrammetry I usAcE Dredge Surveys
[ National Elevation Dataset

7] shorsline LIDAR -} HPEE Batyiety Submps

Proposed Topa LIDAR

WWW.CSC.noaa.gov/topobathy
NOAA Caaslzl Services Center
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BSearch Project Infarmation

Base Layers

Zoom Controls

Founding Box
Ma
Min F125 015 waxx 646905
Miny: [16 BOOD
Zoom Map

o me ot 37 deg
1 FIH 4

Oveniew
Hawgation | Quick Zoom Salection ¥ County Boundary
Y o [F itersinte ighways
T * 7 nagpr Rosds
¥ srests

¥ Countes

¥ Major Chies.
[ Ciies

-

Search Paramaters
nigo Search: [ NDOFprojects [ Ramena imagery projects

™ Ramaona elevation projects

Search Al fielas: [
Search by Content Status

Progress:
Please Select 'I
Search by Location

|Place Keyword:

isiate o county)

Search by Agency Search by Elevation Details

Surface Mapped:

II"Iesse Select 'I

Honzontal Posting Range:
-

Lead Agency.

Fom [ 1l

Parsicipating Agency: Vertical Accusacy Range:

i B EELAA Mo Biog |

éi -2 http:/Hfekman.csc.noaa.gov - HSAR Data Viewer -

o IFSAR Data Viewer
H H

Refresh
Layers

Legend

EIIfSAR Data
Height Error Map
B 0-1meters
W 1-2meters

i 2-3meters
3+ meters
Il voData
dar Image

Base Layers

Microsoft Internet Explorer

e

{&] Map: 23306181 , 381201658 -- Image: 473 , 368 -- ScaleFactor: 11.087553321282388

hOAA Caastal Bervices Centery

Use the following instructions to view and download the IfSAR data layers. To
Extent.

1. To view a layer, check the box next to it and click the Refresh Map button.

2. Using the tools above the map to zoom in and out and to pan across the map, locate your area of interest.

3. Clickthe Select Download Area tool and follow the directions that appear. This tool will allow you to download
HSAR data.

@ nternet

" EEEREEOR
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A Coactal Water (Quality - Tonle - NAPFCT - Mirroeoft Internet Faplorer

Bak

Me Cdt Yew Tovodkes Tooks el

Addvanmed Seand

algarthrms

Depll Pespelroli

Larsons Laamad
Toals

Lnpervivus Sulave
Analysis 1ol

Hamote Yanemg Eacce

ervices Center

RMATION. AND TECHNOLOGY

Nonpoint Source Pollution and Eresion Comparison Tool (N-SPECT)

Coastal Remote Sensing

W-SPECT is a curnplex yel user-Tiemdly geugraphic infermation system (G315} exlension Bal belps cosstad managers snd local decision
makers prodict potential water quality impacts from nonpoint Source poliution and erosion. Users first enter information about their arca (land

Potential Applications cover, elevstion, p ttation, and soil ch tenstics) to create the baseline intormaton. [hey can then sdd diferent land cover change

seenanivs {such gy 3 dewelupment) b gel informrdion aboul pulential changes in suiface waler ol nungeinl source pollulive, amd erosivn

Applicability
N-SPECT was initially developad 35 3 decision-support tool for cosstal managers in Hawaii and has since basn spplied in coastal areas

Atrnaspheric Comedion e - , . 5 3 E
TresRnens menEe around the U.5., the Caribbean, Central America, and the South Pacific. & operates most eficctively in medium to large watcrsheds having
Loactal Water Quality Inwe-tr-mnlerate tnpngraphir. relief Studies have shiwn that N-SPTCT tends tn nver predict sadimant dalivery in reginns haing sxtreme
Ei'r'.l:i:::é:” precipilation negirnes sl vy sleep slopss, su users an stomgly snoowsged Lo accood for sy pulsnlisl suorcss of wror during he
course of sediment delivery snalyscs.

Badiground

Tes by

— Speclficatlons

Lesults

— N-51'EC] 13 @ Ul extension that runs in ESIH's ArcUlL enwironment. Yersions are cumenily available for ArcYiew 5.3, Arciiew UL, Arcview

94, and ArcView 9.2, The ArcGIS Spalial Analysl exlensivn musl be instalied.
Minirmum gystemn requiremants for the tool:

= Platform: PC-Intel

3

@&m

A Diened

Land cover:
*  NOAA Coastal Change Analysis Product

* Multi-Resolution Land Characteristics (MRLC) National Land Cover
Database 2001

USGS Land Cover Institute

Topography:
*«  NOAA CSC Topographic Change Mapping
* USGS National Elevation Dataset

Soil:
« USDA Natural Resources Conservation Service (NRCS) Soil Survey
Geographic Database

R-Factor (rainfall-runoff erosivity factor):
* USDA NRCS Electronic Field Office Technical Guide (eFOTG)
+ USDA NRCS National RUSLE2 Database

Precipitation:
* Oregon Climate Service PRISM Group
*  NOAA National Climatic Data Center

NOAA Coastal Services Center
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2 Land Cover, Analysis - Northeast Land Cover - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools Help

Q- O ¥ @ & ) search 5 Favories 2 =2

Coastal Services Center
LINKING PEOPLE, INFORMATION, AND TECHNOLOGY

o

address &) http:fwan 0aa.gov/ersflcafnorthaast, hirl v

Center Home
About the Center
Program Areas

Pacific Services Center

Advanced Search

Northeast Land Cover

Coastal Remote Sensing

Applications skiing, and sight-seeing

Frequently Asked
Questions

Project Data:

Period
All States: 1996 - 2001

The Mortheast region contains both economically and ecologically diverse shorelines,
I such as Long Island Sound, Boston Harbor, and the Gulf of Maine. The region also
C-CAP contains over half a million acres of U.5. Mational Forests land, which includes Mount
Washington, the highest mauntain in northeastern Morth America, standing at 6,288-
Data feet in the White Mountaing of Mew Hampshire. These landscapes support a variety of
Taols hahitats and thousands of species of plants and animals. All these environments

contribute to the regional economy through tourism activities such as boating, fishing,

Far this project, the NOAA Coastal Services Center created land cover and change
I_ data for the Northeast region, including Maine, New Harnpshire, Wermont, Rhode
Izland, Massachusetts, Connecticut, Mew York, northern New Jersey, and narthem
Pennsylvania, according to Coastal Change Analysis Program (C-CAP) standards,

Land Cover Analysis

[E3

&] Dane
‘dstart 7
a

NOAA Coastal Services Center

LINKING PEQFPLE, INFORMATION, AND TECHNOLOGY

‘3’ Wéie.mae_.B.nsé.l'in.e_LE

File Help

i- Project Information
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“Working Directany !C: ‘WESPECT \workspace
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Soilz Definition: ‘ =

iw’aianae |
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NOAA Coastal Servic

LINKING PECPLE, INFORMATION, AND TECHNOLO G Y
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NOAA Coastal Services

LINKING PEQFPLE, INFORMATION, AND TECHNOLOGY
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Topography Summary

* There are now more remote sensing options
available for topography data with the addition of lidar
and IfSAR.

Consideration must be given to the application
requirements before selecting the technology.

« There are many trade-offs between technologies that
need to be considered.
Accuracy
Cost
Operating constraints (night/clouds)
Horizontal resolution

Exercise 1: Determining Setback Lines in
a Barrier Island Community

Pawley’s Island,
South Carolina

» County and private
citizens built a new
dune

e Can it be used as
a new baseline?

Dunes which survived Hurricane
Bertha were completely lost
during Hurricane Fran, resulting
in extensive damage on Topsail
Beach, North Carolina.

NOAA Coastal Services Center
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Exercise 1. Determining Setback Lines in
a Barrier Island Community

Objectives

. Evaluate data in both %._topo_ex1.mud - ArcMap - ArcView!

File Edit Wiew Insert Selection Tools Window Help
raster and vector formats CEEeEex - st Zaw
Examine the artificially Laver [cotsnals =] D % D - \
built dune to identify and oot et = | Lo m P I
create the new baseline —

Steps
= lidar_z000sm
walug
P High : 54.6811

*  Examine 1997 and 2000 0 Loy : 4,372

= lidar_1997sm

LIDAR elevation grids ke
Identify the primary dune

and create a line
coverage along its crest

B Low : -5.5240

zered 6

4] | »l
Display [ Sourcs | Selestion

13

[

[ [e=manine 2

Exercise 1: Determining the Setback Line
in a Barrier Island Community
Identify the Dune Crest

Three different visualizations of the
Pawley’s Island topography are
available to identify dune crests:

— contours

— hypsography
— shaded relief.

GWRC CZM Grant, Task 12.02, Part 5 36



Exercise 1. Determining Setback Lines in
a Barrier Island Community

Objectives

i
« Evaluate data in both Lope_emid S

raster and vector formats

Ele Edit Wew Insert Selection Inols Window Help

=

DSRSE=BX = =20 Hl&s]

Examine the artificially to [ o] D 5 D

built dune to identify and spatslanalyst = | Loer il onomn o] B e

create the new baseline

Steps

* Examine 1997 and 2000
LIDAR elevation grids
Identify the primary dune
and create a line
coverage along its crest

4

= £F Layers

= lidar_z000sm

= lidar_1997sm

=

walug
P High : 54.6811

Lo : -4.3780

walug
P High : 72,0281

B Low : -5.5240

zeredtE

o

=
F

Display [ Source | Selection

[ [e=manine 2

NOAA. Coassal Sevvices

LiNK et PECPLE O ECHNOLOG Y

Exercise 1. Summary

¢ Metadata is required to use
projected remote sensing data
with other spatial data.

Grid data can be displayed in
several formats that may be
useful for identifying features.
Several displays can be used
simultaneously.

* Should the baseline be moved?

NOAA Coantal Services

LiNKBads PECPLE O ECHNOLOG Y
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Exercise 2: Comparing Topography Data
for Land Use Decisions

North Carolina

¢ Multiple datasets are
available

Counties often have
permitting rules that
require topography

* Apply different datasets

and compare the : _ :
decisions Undermined house along the Raging River, WA

Photo courtesy of Department of Natural Resources, Kings County, WA

Exercise 2: Comparing Topography Data
for Land Use Decisions

Objective

* Incorporate
topography data in
aland use
management
decision

Steps

Convert units

Generate raster
slope

Generate raster

distance from river '
Franklin, County, North Carolina
Determine bui |d|ng Photo courtesy of Franklin Area Chamber of Commerce

suitability

NOAA Coastal Services Center
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» Data resolution and
accuracy needs to be
appropriate to the question.

Multiple rasters can often be |
combined into a single raster !

D8 bex|:

Exercise 2: Summary

% tope, it - ArcHHap = Arciesr
e G wom froert Jolocton [ook Mindow

o B e ] T

Ak E— L
= -
swumdre v | b [nemes 0t BB

wrat = | [rimrs AW eS| @

Mpaon Aeityse | Lo [Tm_den g =] g8 & | MedeiTpme [po || =

with the information intact.

NOAA Coastal Services Center

Exercise 2: Comparing Topography Data
for Land-Use Decisions

Which DEM resulted in the greatest area unavailable for

building?

How much difference existed between the DEMs?

The resolution of the DEM clearly had an effect on your
permitting results. What resolution do you think would be

optimal for making this perm

itting decision?

Suppose you had three data sets to compare instead of two.

What value would you give t

he “true” for each data set to allow

you to separate the results when you added the sets together?

NOAA Coastal Services Center
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Course Summary

Remote sensing provides a unique
perspective on environmental
features and conditions.

Choose the sensor and resolution
that best fits your needs and budget.

Remember to consider the decision
criteria before committing to a remote
sensing project.

Determine if the benefits from using
the data are consistent with the costs.

Be sure to ask, “Can it help? Can |
get it? Can | afford it?”

Share expertise, expenses, and other
resources whenever possible.

Remote Sensing for Spatial Analysts
Evaluation
at Survey Monkey

http://www.surveymonkey.com/s.aspx?sm=1LFHUOL2bcyJtdPP4b350w_3d_3d
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Is That All There Is?

* We haven't told you everything! The world of remote
sensing is very large.
Atmospheric studies
Hyperspectral
Radar (airborne, spaceborne, CODAR, ...)
Acoustics
Magnetic
Astronomy
Medical (x-ray, MR, ...)
Lots of other software (GUI and non-GUI)
Other things we've never heard or thought of

NOAA Coastal Services Center

NOAA Coastal Services Center

Instructors

Shan Burkhalter
Shan.Burkhalter@noaa.gov

Mark Finkbeiner
Mark.Finkbeiner@noaa.gov

Rebecca Love
Rebecca .Love@noaa.gov

Kirk Waters
Kirk.Waters@noaa.gov

Kirk Waters
Kirk.Waters@noaa.gov

NOAA Coastal Services Center
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Coastal Planning
MSL
MHW
MHW + 0.6 m
MHW + 0.8 m
Hurricane
Hugo
Hugo + 0.8

Shoreline Change Visualization
1997

2000

2007

Isle of Palms — Wild Dunes Q
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Coastal Morphology

Folly Beach 1997 2000 2007

Volumetric Analysis

Folly — Quantifying Change

GWRC CZM Grant, Task 12.02, Part 6 2
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Inundation Modeling
photojournal.jpl.nasa.gov/archive/PIA06674.gif

0 meters

NOAA Coastal Services Center
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