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Satellite Data & GIS Training

« Uses ESRI ArcGIS Pro, but techniques generally work with

QGIS and other GIS software
« ESRI has moved away from support for ArcMap
« Using ArcGIS will generally require a license

« Updated from CoastWatch Satellite GIS training in 2021
« EDC tool, developed for ArcMap, is not available for ArcGIS Pro

* This training was created using ArcGIS Pro 3.3.2

* The current version of ArcGIS Pro is 3.6 (+)
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Data

Using Satellite Data in GIS

PACIFIC ISLANDS OCEAN OBSERVING SYSTEM
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Overview

® Imagery

® Data

e Considerations and
preparations

'y_'i

S-NPP VIIRS SST Image
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Satellite Imagery

® Visualization
® Scaled data
® Formats

o PNG, JPEG,
GeoTIFF

R

S-NPP VIIRS True Color Imagery
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8-bit Image Example

£ GeoTiff
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8-bit (0-255) image of Sea Surface Temperature stored in GeoTIFF
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Satellite Data

@ Calculations
e Values
® Formats

© HDF, NetCDF, 32-
bit GeoTIFF
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Data Considerations
® Metadata

® Format

® Resolution

® Projection
o Coordinate system
O Datum

® Preparation

NOAA Blended SST in North Polar Stereographlc PrOJectlon
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Metadata

* |Information about the data — usually standardized

» Methods used in collection / processing

 (Custodian / Point-of-contact

Vg i
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Data Formats

* Level of embedded metadata - ‘self-describing’

Data storage
« Scaling / Offset

« Compression N EtC D F

. Ge%)Iocation Information T| FF
° A?t?i?outes GEOTI FF
. Complexity and Compatibility JPEG

(Ej NOAA CoastWatch/PaclOOS Satellite and Ocean Data Training Course | https://coastwatch.noaa.gov



Product Resolution

S-3A OLCI 300m S-NPP VIIRS 750m

« Spatial resolutions
* meters to hundreds of kilometers

 Temporal resolutions

* minutes to days, weeks, or months - ' =g
S-NPP VIIRS 4km S-NPP VIIRS 9km

« How are data combined?

Resolutions from various
chlorophyll-a products
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Projections

« Satellite sensor view (Swath / Level-2)
 Irregularly/nonlinearly spaced
* May include unique structure based on sensor
« Geolocations with respect to Ellipsoid and Datum |}

",n%
¢

Data courtesy of:
NOAA/NESDIS/OSPO

. Mapped (Gridded / Level-3, -4)

« Coordinate system
* Locations with respect to Ellipsoid and Datum
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Projections

)

* Coordinate Systems Cylindrical
« Projection constructs '\{':;’tca‘ilr‘::;“:;;m‘js
* Preserves one of the following

(not all are listed):
« Conformality (Shape)
 Area
« Direction
« Distance

b
><

 Chosen based on application/scale

Azimuthal

« Spatial distortion results from mapping
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Geographic (WGS84)

Earth’s
Surface

Projection Plane Tissot’s indicatrix of circles illustrating distortion across a map
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Mercator (WGS84)  GOES-16 (GRS80) Azimuthal
Equidistant
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Tissot’s indicatrix of circles illustrating distortion across a map
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Projections - ;%g :
Conformality ) N %

e Shape is preserved “

® Representative of
actual feature

e Useful for preserving
shape

e Lambert Conformal
Conic

® Mercator
o Straight lines have

constant bearing

S
AU

Lambert Conformal Conic preserves shape
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Projections - T %@ :
Area % T

® Areais preserved

20}
® Area measurements
consistent across map
=7
e Useful for comparison - -
AN R

Albers Equal-area preserves area
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2 SST GRID

ﬂ Temp deg C =
0-4

Data Preparations

® Reprojection
required?

OO TOOE e e

LEBBUBREBREBesIaarania®eNe

e [Metadata complete?

Extracting Profiles

Temperature data from SST
grids can be extracted and
plotted along user-defined
transects

® Values accessible?

e Compositing or

e 99979

Distance

binning required?




Summary

® Imagery

® Data

e Considerations and
preparations

'y_'i

S-NPP VIIRS SST Image
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GIS

Using Satellite Data in GIS

PACIFIC ISLANDS OCEAN OBSERVING SYSTEM
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Geoprocessing v a X

Find Tools P v @

Favorites Toolboxes Portal

P Geostatistical Analyst Tools 8

b Image Analyst Tools

Ove rVi eW P Indoor Positioning Tools

b Indoors Tools
b Linear Referencing Tools

> Location Referencing Tools

o TOOIS & methOdS b & Maritime Tools

4 Multidimension Tools

b Za NetCDF

o ArCG IS bu i It—i nS & a d d— *\. Build Multidimensional Info

P

ons <

Build Multidimensional Transpose
Make Multidimensional Raster Layer
Make Multidimensional Voxel Layer

Make OPeNDAP Raster Layer

e External utilities

Manage Multidimensional Raster

Merge Multidimensional Rasters

“\ Select by Dimension

“.. Subset Multidimensional Raster

b Network Analyst Tools

.2 Symbology l Geoprocessing J v
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Useful Extensions / Add-ons

* ArcGIS Spatial Analyst (license) — ESRI
 Raster tools

» CoastWatch Utilities
https://coastwatch.noaa.gov/cwn/data-access-tools/coastwatch-utilities.html
 Read data files (NetCDF and HDF format)

« Graphical tools for interactive data viewing

« Command line tools for data processing
e cwexport, cwsample, cwrender
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Methods to add Satellite Data e

_] & ~ X Del v ¢ o)
w
. <TiRename MNew —  Properties _  Select
[z AT Lo | s i
H Clipboard Organize New
{
| +* « ger.. > NetCOF v O Search NetCDF
. ! Puerto  Name 2 Date moedified Type !
al I scratck @ 12020006_A1_WWOO_chlora 17/2020 810 AM NC File |
@ OneDriv € BlendedSSTSkmNightAggGHRSSTOSPOR...  1/27/2020 11:33 AM NC File
€ V2018150_A1_WWOO_chlora 1/24/2020 2:43 PM NC File )
I B miseC @ S2A_MSI_2020_01_21_15_55_51_TI8SUH_L... 1/24/2020 2:41 PN
| P 3006 @ VXSCCW_B2019161_C158_ 010153-011607...  1/23/2020 10:03 AM
B Deskto € VXSCCW_B2020022_C248_002301-224552...  1/23/2020 8:59 AM
Y 2| Docun VXSCCW_B2020022_C248 002301-224552...  1/23/2020 &:37 AM
ra - I I - ro & Downt @ VXSCCW_B2019140_C11_230352-231806_...  1/22/2020 4:04 PM
}}}}}} € V2020005_D1_WWOO_chlora 1
usi
& Picture
° eoTlFF, HDF, NetCDF, JPEG2000
y 3y ) B Videos
22 Local LY
m: em S

« Make OpenDAP Raster Layer [
(Geoprocessing — Multidimensional Tools) L A I

 Make NetCDF Raster Layer o
(Geoprocessing — Multidimensional Tools)

* Programmatically
* Python, Jupyter Notebooks
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Web Mapping and Coverage Services (WMS and WCS)

Add data locall O mEE ey e
y Project Map Insert Analysis View Edit Imagery Share Help
| = ! ]|
« WMS: image v [T [ b | B
v NE K7
/ +
Paste Copy Explore | 7F ¥ Bookmarks Go Add Data v

® WCS: data Values v Copy Path v v To XY + Browse..

Clipboard Navigate I da From Path..

| @: Points From Table >
* Geocode Table...

* Things to note: B st octon

1"—;',_ Query Layer...

« OK for single time/place T2 subtyps Group Layr.
« Can be frustrating on finding the correct URL e

« Each change in PZI results in refresh call
] Add Data From Path X
* And sometimes...

Add data using a path for a service URL, portal item, data file, or catalog path.

Path

Learn more about adding data from paths
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...eITrors .

Look in: & Analysed blended seasurface b ~ | 4% fuap LG |

“ estimated error standard deviation of analysed _sst
1 - <& cea_ice_area_fraction
Add WS Server x < sea_land_ice_bit_mask

[ “ sea_surface_foundation_temperature

LURL: https: fcoastwatch. noaa. gov/thredds fwms Blended SST Skm Might/GHRSSTOSPO 2020 v|

Examples: https/fwwew . myserver.com/arcgis services /mymap /MapSer
http:/fwwew. example. com/serviet/com. esri.wms. Esrimap?S

| Version: 1.3.0 v One or more layers failed to draw:

Custom Parameters . . . .
STAR TDS Installation: WMS service exceptions:Service Error

Parameter Value Description: Unexpected error of type java.io. IOException

_foundation_temperature Add

ers and Results ~ Cancel

Server Layers

Get Layers
— [} x
[=]- STAR. TDS Installation Name: jon G ing Customize Windows EDC  Hel ‘
(- STAR TDS Installation analysed_sst oo :

B Analysed blended sea surface temper; Abstract: o k@ LIRS DR - ;

i i Table OF Contents 7 x
i-sea_land_ice_bit_mask analysed sea surface temperature mea ~rTE
sea_ice_area_fraction '

estimated error standard deviatior| | LatLongBoundingBg

. -179,975006, -39,
sea_surface_foundation_tempera 59.974993

One or maore layers failed to draw:
Scale range:
Minimum:3.0000008 | STAR TDS Installation:  This WMS Service has a layer limit of 1 per

Mandmum:0.000000 | raquest, Try to add each WMS sub layer individually to send multiple

Supported SRS: requests. . . . .
EPSG:4326, CRS:6 STAR TDS Installation: WMS service exceptions:Service Error

< ? || Fear-27mn Feacll | Description: You may only create a map from 1 layer(s) at a time
Account (Optional)
User: | |
Password: | | Save
—
0K Cancel




(O Drag-n-Drop

* Quick and easy ) Coral Reef Watch

USCRTF | CRCP | NCRMP | CoRIS

. f . t .
Requires configuration o —
PY : ; m bOIO Project Map Insert Analysis View Edit Imagery Share Help
y g y t < ~ > “Th , L 35: Basemap v {5 Add Data From Path L?j Select v E3 attributes
v NK K7 g B [2
e Nlaatci™*DE e Explore | 7% ¥ Bookmarks e Add Data v 5 XY Table To Point fi@d Select By Attributes
‘ ! ¥ ¥ <« hd To XY g8 Add Graphics Layer E Select By Location
Clipboard Navigate [ Layer Selection
[] [] [
 Time/Time slider Contents -+ » [
rch v

 Things to note: e
o Defaults to first variable
 Don’t always get what you want
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Make OpenDAP Raster Layer

Analysis - Geoprocessing - Multidimension Tools >
Make OpenDAP Raster Layer

* Afew clicks
* Menu-driven configuration
to maximize usefulness

« Handles file or aggregates
* Enter URL without extension

* Requires additional configuration
to maximize usefulness

* Things to note:
 Unexpected Errors

* Results may vary

Geoprocessing

® Make OPeNDAP Raster Layer

Parameters Environments

* Input OPeNDAP URL
* Variable

* X Dimension

* Y Dimension

* Output Raster Layer

Extent
B &y O
» XandY Extent
Dimension Values
Dimension
Start Value

End Value

Value Selection Method
By value

Cell Registration

Center

0 @ x

@ Add another




Geoprocessing v X

®© ' Make NetCDF Raster Layer @

M a ke N etC D F Ra Ster Layer e The Make Multidimensional Raster Layer tool provides enhanced functionality or ¥
. . L . performance.

Analysis - Geoprocessing - Multidimension Tools & barametere Emironments ®

NetCDF - Make NetCDF Raster Layer

* Input netCDF File

* Variable

A few clicks

* X Dimension

* Y Dimension

* Menu-driven configuration
to maximize usefulness

Dimension Values
Dimension Value

* Requires configuration
* time, time slider By value .

Cell Registration

Center v
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+ Add Multidimensional Data O X
(qu) Input File, Mosaic Dataset or Image Service
e
(O v
O i Select Variables
Z Name @ Description
&)
<
s
Output Configuration
Multidimensional Raster v
> Interpolate irregular data
Learn more about Multidimensional Raster Layers
[ Cancel ’
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Symbology - CRW_sst_v3_MultidimLayer v X

2 f5

Layer Properties: Symbology —

Primary symbology

[ Stretch v

Choose how to symbolize your raster layer.

° F H[m Stretch
O rm at raster I ayer a p pearan Ce Q Stretches values along a color ramp.
¢ CO | O r SC h em e / i nvert Jﬁ grics)jgizeata based on a selected number of colors and applies a color scheme.
 Edit min/max values / classes Classity

Assigns a color for each group of values.

Unique Values
Assigns a color for each value.

Shaded Relief

° R i g h't_ C I iC k Layer — Sym bo I Ogy i Creates a 3D representation of the surface, with the sun's relative position.

A A A .
A A Vector Field

O R 4 Displays values as vector symbals.
Statistics = Mask = Advanced Labeling
° R .t L S b | Statistics Dataset v
asier Layer — oymbpboiogy
Options v
Min -2
Max 50

* Menu-driven configuration T
to maximize usefulness s dev |

) NOAA CoastWatch/PaclOOS Satellite and Ocean Data Training Course | https://coastwatch.noaa.gov



Layer Properties: Time

Format raster layer appearance
* Time extent / interval / step

» Right-Click Layer — Properties
—OR -
« Raster Layer — Multidimensional

* Menu-driven configuration
to maximize usefulness

e

Layer Properties: CRW_sst_v3_MultidimLayer

Visibility using time

Show the layer when the map is within a fixed time extent

o

Visible Time Extent B

Filter using time

Use the map's time extent to filter the display of content for this layer

No time - content is always shown

®) Filter layer content based on attribute values

Layer Time Layer has time as a dimension
Time Dimension: | StdTime
Time Extent 7/10/2023 12:00:00 PM @ - 1 7/10/2023 12:00:00 PM

Data is a live feed. Refresh rate is on the General tab.
®) No pre-defined time interval
View using a regular time interval

Step 10| |Second Is

View using unique times within the data

Time Zone and Time Offset

Time Zone <None>

Adjust For Daylight Saving

Tima Nffcat

Learn more about time properties

[ o ][ coneel ]
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Enable Time Slider

@ B = g 9~ v Untitled v ‘ wrch (Alt+Q) 2 Lauren - University of Hawaii at Manoa AGOL @ J! ? — m) X

Project Map Insert Analysis View Edit Imagery Share Help Time Raster Layer Data  Multidimensional
&) |start: e W Number of Steps: 30 Time Snapping 4 P ¥ => Direction | <All time enabled data> v @ | <None> v
Tii:l“h-? Span: Months W I ® Step Interval: 3 || Month: v [|(5 econt w ] - C) Repeat Start: | 1/1/2014 12:00:00 PM = just For Daylight Savi
End: B o =) Layer: | noaa_snpp_chla_monthly 69: v Slower Faster | Reverse  End:  7/10/2023 12:00:00 PM
View Current Time Step Snapping PMayback Full Extent Time Zone ~
Contents v 2 x [ElMap X “  Symbology - noaa_snpp_chla_monthly_6980_2878_eOba_U1768930... ¥ & X
YT | search o Il nprna [P » 71072023 £ —
- R D = &0 ‘ - =
| ; :! .\I"J ‘ '. | ./) ’: s L) . ¥
= L U ; + B F% Primary symbology
Drawing Order streteh Y
4 [_ Map » Band Band 1 v
4|v| noaa_snpp_chla_monthly_6980_2878_e0b... Color scheme [ EGID B 2
chlor_a | +| Invert
P o1 +| Edit min/max values
B 001 = Value 0] loi]
4[| CRW._sst v3 MultidimLayer m Label \ﬂl 001

e And sometimes... ERRORS!

6 NOAA CoastWatch/PaclOOS Satellite and Ocean Data Training Course | https://coastwatch.noaa.gov 32



Export Raster ? v R X
noaa_snpp_chla_monthly_6980_2878_e0ba_U1768930842477.nc_chlor_a

Export Data to Geospatial Database

QOutput Raster Dataset

+
* Right-Click Layer — Data —
E t Raster :
Xpo r v Spatial Reference System and Clipping Options
Coordinate System
GCS_WGS_1984 v &

Geographic Transformations

* Input general settings .
« Output Raster Dataset cieeng Geamety © !
e QOutput Format Maintain Clipping Extent. ©
e ...and more e i

Cell Size

X 0.037499999999999936 Y 0.03749999999999995

» Click “Export”

Columns 268 Rows 268

Pixel Type

TN
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Recap Methods to add Satellite Data

+

 Add Data
 Multidimensional Data...
e From Path...
 Browse...

* Analysis — Geoprocessing —

Multidimension Tools —

« Make OPeNDAP Raster Layer

 NetCDF — Make NetCDF
Raster Layer

Share  Help Time Raster Layer Data  Multidimensional
EB Basemap v tx: Add Data From Path RS] Select v Attributes
* Add Data v g_xv XY Table To Point r—ﬂg Select By Attributes
* Browse.. Ejg] Select By Location Z
{5 From Path.. Selection I~
@: Points From Table >
1 Geocode Table...
% Extract Locations
B Query Layer.. R
sat
4+2 Subtype Group Layer...

Hyperspectral Data...

Multidimensional Data...

.. Trajectory Data...

Elevation Source Layer...

Make Route Event Layer

Multidimensional Data

Add multidimensional data to the
map.

TTSAMOA

_Apia

1153m

626 m

* Drag-n-Drop and EDC no longer recommended

wi Measure v %2 & Pause €@ Lock
% Locate v wa View Unplaced
&' Infographics v @2 More v

Inquiry Labeling

Geoprocessing

‘ Find Tools

Favorites Toolboxes Portal

& Linear Referencing Tools
Location Referencing Tools
B Maritime Tools

|
I
|}
g Multidimension Tools

b & NetCDF

.. Build Multidimensional Info

.. Build Multidimensional Transpose

*._ Make Multidimensional Raster Layer

*\. Make Multidimensional Voxel Layer
*\. Make OPeNDAP Raster Layer
Manage Multidimensional Raster

Merge Multidimensional Rasters

Select by Dimension

NN NN

Subset Multidimensional Raster
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Additional Services to Obtain Data

k aCatalog

ttps:/ /www.star.nesdis.noaa.gov/thredds/socd/coastwatch/catalog coastwatch.

° O p e n D A P Dataset Size Last Modiﬁe-c-l

E] CosstWatch Ocean Data at STAR THREDDS Server

Ea Ocean Color
Ea EXPERIMENTAL Near Real-time Data (processed by CoastWatch)
E} VIIRS NPP and N2@ Global (NOAA-MSL12)/S

I I I I { EB NRT DINEOF Global 2 km Mapped Products, Marged VIIRS MPP and N2@ (NOAA-MSL12)

EB Daily DIMEOF Chlorophyll-a Products/

m VIIRS NPP and N2@ CONUS {NOAA-MSL1Z)/

@ OLCT S3A and 53B Global {(from EUMETSAT L2)/

[ ] E R D DAP 63 OLCT S3A and 53B CONUS (from EUMETSAT L2)/

Ea EXPERIMEMTAL Life of Mission and Science Quality Data (processed by MECB and CoastWatch)

E} NPP WITRS Life of Mission Global (MNOAA-MSL12)/

63 Science DINEOF Global 3 km Mapped Products, Merged VIIRS NPP and N2@ (NOAA-MSL12)

Ea Daily DINEQOF Chlorophyll-a Products/

Example of THREDDS Catalog
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OpenDAP (Open Data Access Protocol)

Dataset {
Floate4 time[time = 6575];

o Data mOdel Float32 latitude[latitude = 3686];

Float32 longitude[longitude = 7280];
GRID {
ARRAY:
Float32 analysed_sst[time = 6575][latitude = 26@@][longitude = 7200];
MAPS:

N N Float64 tim?[time = §5?5];
* Application Program Interface (API) o2 latttwelloniue - el
T analysed_sst;
GRID |

ARRAY:
Float32 analysis_error[time = 6575][latitude = 3680][longitude = 728@];
. MAPS :
» Dataset Descriptor Structure (DDS)
Float32 latitude[latitude = 360@];
Float32 longitude[longitude = 7208];
} analysis_error;

https://coastwatch.noaa.gov/erddap/griddap/noaa = -
CWBLEN DEDSStDa”yddS Byte mask[time = 6575][latitude = 3600][longitude = 7260];

MAPS:

Floated time[time = 6575];
Float32 latitude[latitude = 360@];
Float32 longitude[longitude = 7208];
T mask;
. GRID |
* Dataset Attribute Structure o
Float32 sea_ice_fraction[time = 6575][latitude = 3608][longitude = 7288];
MAPS:

htt%s://coastwatch.noaa.gov/erddap/g riddap/noaa o kit ndil . s,
CcW sstDally.das ) somton fracngny L iorBitude = 7200);

} noaac;BLEﬁDEDsstDail}r;

Example of Dataset Descriptor Structure

» Used within THREDDS / ERDDAP
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https://coastwatch.noaa.gov/erddap/griddap/noaacwBLENDEDsstDaily.dds
https://coastwatch.noaa.gov/erddap/griddap/noaacwBLENDEDsstDaily.dds
https://coastwatch.noaa.gov/erddap/griddap/noaacwBLENDEDsstDaily.das
https://coastwatch.noaa.gov/erddap/griddap/noaacwBLENDEDsstDaily.das

THREDDS and ERDDAP

 Provide additional means to obtain data

" ERDDAP at NOAA CoastWatch NOAA CoastiWalch

Easier access to scienfific data Central Operations

« Temporal and spatial subsetting

ERDDAP > griddap > Data Access Form e

Sea-Surface Temperature, NOAA Geo-polar Blended Analysis, GHRSST, Near Real-

Time, Global 5km, 2002-Present, Daily &8
Institution NOAANESDIS STAR (Dataset ID: noaacwBLENDEDsstDaily)
Information.  Summary @ | License @ | FGDC | IS0 19115 | Metadata | Background & | Make & graph

Dataset Title:

[} Dimensions @ Start @ Stride @ Stop @ Size ® Spacing @
® l ' S efl l I S e rV I C eS B time (UTC) @ [2020-09-06T12:00:00Z |1 |2020-09-06T12:00:00Z | 8575 1 day Oh 1m 19s (uneven)
latitude (degrees_north) @ [-89.975 |1 [89.975 | 3600 0.05 (even)

[ J O pen DAP ‘ I H R E D DS) [ 1ongitude (degrees_east) @ [-179.975 |1 [179.975 | 7200 0.05 (even)
| ]
Grid Variables (which always also download all of the dimension variables)
 NetCDF Subset Service (THREDDS) T Teirs

analysis_error (estimated error standard deviation of analysed_sst, degree_C) @
mask (sea/land/ice bit mask) @

- GRIDDAP (ERDDAP)

File type: (more info)

|.htmITabIe - View a UTF-8 .html web page with the data in a table. Time:
- TableDAP (ERDDAP = ]
(Documentation / Bypass this form) @

Submit | (Please be patient. It may take a while to get the data )

5 are 150 6601 strings -

ERDDAP (GRIDDAP) Data Access Form

NOAA CoastWatch/PaclOOS Satellite and Ocean Data Training Course | https://coastwatch.noaa.gov



Things To Note...

 Data Units

« SST may come in Kelvin or degrees Celsius (rarely Fahrenheit)

« Chl comes in several units that do not necessarily change the values
 Time
* Check the time zones for data — likely UTC
Dateline
 Most satellite data composited daily products and may span 180W-180E
 May introduce a mismatch in data collection time across the dateline
Projection / Map Units
* Note units as usually the first data loaded sets projection and units

» Ellipsoids/Datum — satellite data is most likely WGS84, land/coastal data
may be NAD83
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Additional ESRI Resources

* ArcGIS Pro quick-start tutorials
* introduces you to many aspects of ArcGIS Pro
« https://pro.arcgis.com/en/pro-app/latest/get-started/pro-quickstart-
tutorials.htm

 ArcGIS Pro Basics WebCourse

 introduces you to the powerful capabilities of ArcGIS Pro and how to
iIntegrate, visualize, analyze, and share your data
« https://www.esri.com/training/catalog/5cad02469b1f4010cad9ac46/
arcqis-pro-basics/
* ArcGIS Pro Resources
* Dbuild your expertise through documentation, tutorials, and more
« https://www.esri.com/en-us/arcgis/products/arcqgis-pro/resources
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Questions?

Using Satellite Data in GIS

PACIFIC ISLANDS OCEAN OBSERVING SYSTEM
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