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GIS & SMAP - Overview

e Download a time series of SMAP data in NASA
Earthdata Search

 Add SMAP data to ArcMap, visualize time series, and
calculate regional statistics

* Visualize SMAP time series data (among 800+ others)
with WMS capabilities in ArcGIS, QGIS, and Google
Earth

e Other GIS related tools




GIS & SMAP — How to import SMAP data to
ArcGIS

* ArcGIS and native SMAP data (.h5) do not play
well...at the moment

* Importing native SMAP data to ArcGIS is as easy as
1...2...follow a lot of instructions

* Multiple ways to download a time series worth of
data at the same time

* Let’s begin!




GIS & SMAP — SMAP data access options

* Multiple ways to download SMAP time series data

and import view in GIS

* NSIDC data access: Temporal and spatial filters

NSIDC OPeNDAP: Data customization
NASA Earthdata Search: Data customization
NASA Worldview: Data visualization and download
Global Imagery Browse Services (GIBS and WMS)
AppEEARS: Analysis ready data

 We will use NASA Earthdata Search and GIBS




NASA Earthdata Search - Overview

* https://search.earthdata.nasa.gov/

* Earthdata login required to order data
* https://urs.earthdata.nasa.gov/

* You can still follow along and download data if you
don’t have one



https://search.earthdata.nasa.gov/
https://urs.earthdata.nasa.gov/

NASA Earthdata Search — Overview

* Search for data sets by keyword and spatial and
temporal filters

e Visualize data sets
 Order data

e Customize data, including re-formatting, re-
projection, & subsetting (parameter & spatial)




NASA Earthdata Search — Overview

@4 EARTHDATA Find a DAAC -

+ EARTHDATA
@ Search [uar

Browse Collections

Features

nizable

Plattormns. % EUEELSERRT W s ey e e
Instruments
Organizations

Projects

Processing levels

Nigeri

% Ven! . et <
- Cam.
5,153 Matching Collections At = = ; " |2

Sort by: | Relevance ¥
+

Global Maps of Atmospheric Nitrogen Deposition, 1860, 1993, and 2050 (i} +
e
-
W ""’7 il 27 Granules - 1860-01-01 to 2050-1 ata set provides global griddad estimates of atmospheric deposition of total inorganic nitrogen (N), NHx (NH3 and NH4+),
and NOy (all oxidized forms of nitroger N20), in mg N/m2/year, for the years 1860 and 1993 and projections for the year 2050. The data set was.
Test ESDT with 24 character ShortName V001 (i ] +
1 Granule - 1970-01-01 ongoing - Test ESDT with 24 character ShortMame:

Only include collections with granules Include non-EOSDIS collections

Left: Faceted search options including features, keywords, platforms,
instruments, organizations, projects, and processing levels
Main: Search for data. Set spatial and temporal filters. Change projections. Add

basic overlays for visualization.

Search results with summary information and relevant badges @
(customizable, map imagery, NRT). Re-size panel. Add collections to your project.




NASA Earthdata Search —

#% EARTHDATA

EARTHDATA

Browse Collections

Features

Customizable
Keywords
Platforms
Instruments
Organizations
Projects

Processing levels

* Let’s look for new data!

Find a DAAC ~

Apply temporal filter

0]

£ o

& Earthdata Login

Start
2019-03-01 00:00:00

“| Recurring?

Apply Filter [ReIl=EY

Nigeria

e Choose 2019-03-01 in the Start date
* Choose 2019-03-31 in the End date

* Click Apply Filter

2019-03-31 23:59:59

India




NASA Earthdata Search — Apply spatial filter

< & @ NASA (National Aeronautics and Space Administration) [US] | htips://search.earthdata.nasa.gov/searc

Y EARTHDATA Find a DAAC -

EARTHDATA ) ) _
‘C;F'""i:'il"""l"'l Type any topic, collection, or place name n_ =
"

@ Start: 03-01 00:00:00 Stop: 03-31 23:59:59 Range: 2015 - 2019
Browse Collections

1 Rectangle: SW: 41.012869985330795,-° NE: 45.01742916604281,-1(
Features

Keywords
Platforms
Instruments
Organizations
Projects

Processing levels ; F ¥ I UNITED EETTEE
A 4 STATEs EX

2,245 Matching Collections

Qart hv' | Ralavanca 21 @M Onlv includa eallactinne with arannlee M Inclida nan-FNRNIK callactinne

e Let’s filter out more data!
e Zoom in to area of interest
* Click the ‘Borders and Roads’ layer
e Draw a polygon around the state of Wyoming...or wherever
* You can also upload a .shp, but the spatial subset defaults to a
rectangle of bounding extent @




NASA Earthdata Search - Discover data

& NASA (National Aeronautics and Space Administration) [US] | https://search.earthdata.nasa.go’

¢ EARTHDATA Find a DAAC ~

EARTHDATA . )
n soil moisture

9} 1= -4

@ Start: 03-01 00:00:00 Stop: 03-: 9 Range: 2015 - 2019
Browse Collections

1 Rectangle: SW: 41.012869985330795,-" NE: 45.01742916604281,-1(
Features

Map Imagery
I Time
Customizable

Keywords

Platforms
Pocatello

Instruments
Organizations
Projects

Processing levels UNITED

STATES

Sort by: Relevance + Only include collections with granules Include non-EQSDIS collections
+

SMAP L3 Radiometer Global Daily 36 km EASE-Grid Soil Moisture V005 (i} 4

125 Granules - 2015-03-31 ongoing - This Level-3 (L3) soil moisture product provides a composite of daily estimates of global land surface conditions retrieved by
the Soil Moisture Active Passive (SMAP) passive microwave radiometer. SMAP L-band soil moisture data are resampled to a global. cylindrical 36 km Equal-A...

e Search for soil moisture and choose SMAP L3 Radiometer Global Daily
36 km EASE-Grid Soil Moisture V0O05...or whatever

* Click onthe + to add these data to the project

* Click on My Project




Earthdata Search — Order data

fy EARTHDATA Find a DAAC -

. EARTHDATA Edit Options
el SMAP L3 Radiometer Global Daily 36 km EASE-Grid Soil Moisture V005

Untitled Project Select Data Access Method
125 Granules 1 Collection 3.3 GB
© Direct Download

SMAP L3 Radiometer Global Daily 36 =
km EASE-Grid Soil Moisture V005

125 Granules Est. Size: 3.3 GB

£ Edit Options

Stage for Delivery

Customize

Click "Edit Options" above to customize the
output for each project.

DOWNLOAD DATA @ Collection 1 of 1 m

* On the Order page, choose Direct Download then Download Data




Earthdata Search — Download data

¥4 EARTHDATA Find a DAAC -

@® Back to Project

Order Status

This page will automatically update as your orders are processed. The Order Status page can be accessed later by visiting
https://search.earthdata.nasa.gov/data/retrieve/0016374635 or the Download Status and History page.

Direct Download
Click the "View/Download Data Links" button to view or download a file containing links to your data.

SMAP L3 Radiometer Global Daily 36 km EASE-Grid Soil Moisture V005

View/Download Data Links | Download Access Script

Additional Resources and Documentation

+ SMAP L3 Radiometer Global Daily 36 kmm EASE-Grid Soil Moisture V005
https://doi.org/10.5067/ZX7YX2Y2L HEB

* On the Order Status page, choose View/Download Data Links




Earthdata Search — Download data

Collection granule links have been retrieved

Please click the button to download these links.

https://n5eil01u.ecs.nside.org/DP4/SMAP/SPL3SMP.005/2019.03.31/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 30/SMAP L3 SM
https://n5eil01u.ecs.nside.org/DP4/SMAP/SPL.3SMP.005/2019.03 29/SMAP 1.3 SM
https://n5eil0lu.ecs.nsidc.org/DP4/SMAP/SPL3SMP.005/2019.03 28/SMAP 13 SM
https://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 27/SMAP 1.3 SM
hitps://n5eil0 lu.ecs nside.org/DP4/SMAP/SPL3SMP.005/2019.03 26/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 25/SMAP 1.3 SM
hitps://n5eil0lu.ecs nside.org/DP4/SMAP/SPL3SMP.005/2019.03 24/SMAP 1.3 SM
https://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 23/SMAP 1.3 SM
https://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL3SMP.005/2019.03 22/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 21/SMAP 1.3 SM
https://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL3SMP.005/2019.03 20/SMAP 1.3 SM
hittps://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL3SMP.005/2019.03.19/SMAP 13 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03.18/SMAP 1.3 SM
hitps://n5eil0 lu.ecs nside.org/DP4/SMAP/SPL3SMP.005/2019.03. 17/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL3SMP.005/2019.03.16/SMAP 1.3 SM
hitps://nSeil0lu.ecs nside.org/DP4/SMAP/SPL3SMP.005/2019.03.15/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03.14/SMAP 1.3 SM
hitps://n5eil0lu.ecs.nside.org/DP4/SMAP/SPL. 3SMP.005/2019.03.13/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03.12/SMAP 1.3 SM
https://n5eil01u.ecs.nside.org/DP4/SMAP/SPL3SMP.005/2019.03.11/SMAP 1.3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03.10/SMAP L3 SM
https://nSeil01u.ecs.nsidc.org/DP4/SMAP/SPL. 3SMP.005/2019.03 09/SMAP 1.3 SM
hitps://n5eil0 lu.ecs nside.org/DP4/SMAP/SPL3SMP.005/2019.03 08/SMAP 1.3 SM
https://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 07/SMAP 1.3 SM
hitps://n5eil0 lu.ecs nside.org/DP4/SMAP/SPL3SMP.005/2019.03 06/SMAP 1.3 SM
https://n5eil01u.ecs.nsidc.org/DP4/SMAP/SPL.3SMP.005/2019.03 05/SMAP 1.3 SM

20190331 R16022 001.h5
20190330 R16022 001.h5
20190329 R16022 001.h5
20190328 R16022 003.h5
20190327 R16022 001.h5
20190326 R16022 001.h5
20190325 R16022 001.h5
20190324 R16022 001.h5
20190323 R16022 001.h5
20190322 R16022 001.h5
20190321 R16022 001.h5
20190320 R16022 002.h5
20190319 R16022 001.h5
20190318 R16022 001.h5
20190317 R16022 001.h5
20190316 R16022 001.h5
20190315 R16022 001.h5
20190314 R16022 001.h5
20190313 R16022 001.h5
20190312 R16022 001.h5
20190311 R16022 001.h5
20190310 R16022 001.h5
20190309 R16022 002.h5
20190308 R16022 001.h5
20190307 R16022 001.h5
20190306 R16022 001.h5
20190305 R16022 001.h5

in-Nia=Nig-Na~Hia-Nia-Ha-Na-Ha-Na-la~Na-la-Na-la-Na-Na-Na-Na-Na-lia-Ha-Ha-Nia-Na-Na-Na-l

* Either choose Download Links File or individually click each file to
download. Your choice.
e Use wget or curl to download all the files with a command




GIS & SMAP - Load SMAP data in to ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
De s JELIE Fl=l-lollalb I i g  er- - 15 e o ’
| =10 : 50 ok » o Hh -
o E e mBy QO3] -0 80 M S TR
Table Of Contents 1 x Catalog Gl
Bl 3 o O
BN - ol @ = - I
= layers Location: |£5] E:\Paul =
[E] EW— &
Bl Copy @
I ﬁ 20_001.h5 2
&5 Rename 20_001.h5 -
@ _ 20_001.h5
& g1 Disconnect Folder 20,001.h5
| o Refresh 120_001.h5
#
M
@| ew V& Folder
=l @ Item Description... |_J File Geodatabase |
= " Properties.. 3 Personal
+ B b ooz New File Geodatabase
3 Datab,
i SMAP_L2_SM_P_20160309_R16/ . Create a new file geodatabase.
# ) SMAP_L3 SM_P_20160310_R16( (15 ArcGIS . Y
i SMAP L3 SM.P 20160311 R1E( &, (pyer,. |

* Open ArcMap
* Open the Catalog tab

* Right click on an existing folder and choose New » File Geodatabase
 Rename the geodatabase




GIS & SMAP - Load SMAP data in to ArcMap

Catalog
v oy @

v| ﬁl IEE:| =

Location: | |3 SPL3SMP.gdb

= &3 E\Paul
E3 CVEN_5385

3
&5 smap 13 s B Copy
8 smap_L3sN
8 smap_L3sN x
B8 SMAP_L3_SN
B sMAP_L3 SN Rename
3 smap_L3 SN Refresh
B8 smaP_L3_5N
8 smap_L3sN
#H smap_L3 sN Administration
2 SMAP_L3 SN Distributed Geodatabase

Delete

UL

Make Default Geodatabase

yaeag G | Bojeres g

8 smap_L3_sN
| Mew

B8 smap_L3.s

B3 smap_L3 s Import
B8 SMAP_L3_SN
8 smap_L3 5N
8 smap_L35N
B8 smaP_L3_5N
8 smap_L3sN
ﬁ SMAP_L3_SN &f‘ Properties...

Export

Share as Geodata Service...

™}

=] [Iem Description...

i O

& SMAP_L3_SM_P_20160318_R16020_001.h5
& SMAP_L3_SM_P_20160319_R16020_001,h5
@ SMAP_L3_SM_P_20160320_R16020_001,h5
& SMAP_L3_SM_P_20160321_R16020_001,h5
& SMAP_L3_SM_P_20160322_R16020_001,h5
& SMAP_L3_SM_P_20160323_R16020_001.,h5
& SMAP_L3_SM_P_20160324_R16020_001,h5
& SMAP_L3_SM_P_20160325_R16020_001,h5
& SMAP_L3_SM_P_20160326_R16020_001,h5
& SMAP_L3_SM_P_20160327_R16020_001,h5

Feature Dataset...
Feature Class...

Table...

Relationship Class...

Raster Catalog...
Raster Dataset...

Mosaic Dataset...

@ FEF D

New Mosaic Dataset
Toolbox . .
Create a new mosaic dataset in

this geodatabase.

Requires a Standard or Advanced
license and is disabled with Basic.

Right click on the new geodatabase and choose New Mosaic Dataset




GIS & SMAP - Load SMAP data in to ArcMap

Dutput Location

| E:\Paul\SPL3SMP.gdb

Muosaic Dataset Mame

| SPLISMP

Coordinate System

| WG5_1984_EASE-Grid_2.0_Global

Product Definition (optional)

| NONE
¥ Product Properties

¥ Pixel Properties

 Name the mosaic data set

WGS_1984 EASE-Grid_2.0_Global
* Click Ok

Coordinate System

The coordinate system for all of the items in the mosaic
dataset.

In Coordinate System » Projected » World, choose




GIS & SMAP - Load SMAP data in to ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Oeda Bxo [(2es57365 V| EGEEEE |<§>|mage =1 %8 i < ¢ Editor~ A e ol i
[&@ spLzsmp =l C‘,- B w50 . 2 bas .
DIMBE BE 0% By QO « reﬂ- L FE=IFAY R 3lell <]
Table Of Contents R ox Catalog # x5
s o o]
8C8 H @ ol @ o
=R =] I.ayers Location: |% SPL3SMP z
= ME = £ E\Paul Gl
O Boundar}r 3 CVEN_5385 i
O = 3 SPL35MP.gdb g
Footprint %W =
O & sMAP @ Copy
=8 Image & smap Delete
Value & smap
High: 255 B SMAP Rename
3 smap| < Create Layer...
Low: D e SMAP| Add Rastere..
B smap =
odi
i smap Add Rasters
B smap Enhance
BB smap Optimize Add one or more raster .dataset.s
B SMAP from any source into this mosaic
5 SMAP Rermove dataset.
& smap Create Refer Requires a Standard or Advanced
& smap Export license and is disabled with Basic.
& smap
B3 smap Generate Tile Cache...
& smap :
Share As Image Service...
B smap @ £
B3 smap |j Itern Description...
& smap :
Properties...
= SMAP_&t il
= 8 SMAP_L3_SM_P 201 60320 R1 6020 001.h5
& [ SMAP L3 SM P 20160321 R16020 001.h5

 Expand the geodatabase
* Right click on the new mosaic data set and choose Add Rasters




GIS & SMAP - Load SMAP data in to ArcMap

5

Add Rasters To Mosaic Dataset

_I:I-

Mosaic Dataset Input Data
| EA\Paul\SPL3SMP.gdb\SPL3SMP |
— Path and name of the file, folder, raster dataset, mosaic
EE - dataset, table, or senice.
[HoF v
Input Data Mot all input choices will be available. Those available
will depend on the selected raster type.
|File v|
» Dataset—Allows you to select an ArcGIS
| | geographic dataset, such as any raster or
mosaic dataset in a geodatabase or a table.
Source ~ » Waorkspace—Allows you to select a folder

E:\Paul\SMAP_L3_SM_P_20150331_R16020_001.h5
E:\Paul\SMAP_L3_SM_P_20160229_R 16020_001.h5
E:\Paul\SMAP_L3_SM_P_20160301_R16020_001.h5
E:\Paul\SMAP_L3_SM_P_20160302_R 16020_001.h5
E:\Paul\SMAP_L3_SM_P_20160303_R 16020_001.h5

containing multiple raster datasets. The folder
can contain subfolders.This is affected by the
Include Sub Folders and Input Data Filter
parameters.

File—Allows you to select one or mare raster

datasets stored in a folder on disk, an image
senvice definition (ISDef) file, and a raster

h process definition ((RPDef) file. Also, the file list
will ignore any files that do not correspond to the
raster type being added. Do not use this with file
formats that are raster datasets, such as TIFF or
MrSID files—use Dataset.

Senice—Allows you to select a WCS, map, or
image service, or a web semvice layer file.

E:\Paul\SMAP_L3_SM_P_20160304_R16020_001.h5
E:\Paul\SMAP_L3_SM_P_20160305_R16020_001.h5

< m >

¥ Advanced Input Data Options

¥ Raster Processing

¥ Mosaic Post-processing

 Choose Raster Type = HDF
* Choose Input Data = File
* Select all the HDF files to include in analysis




GIS & SMAP - Load SMAP data in to ArcMap

l(\

Add Rasters To Mosaic Dataset = =] =

Mosaic Dataset

I E:\Paul\SPL3SMP.gdb\SPLISMP
Raster Type

[HoF

Raster Type

The raster type is specific for imagery products. It
identifies metadata, such as georeferencing, acquisition
date, and sensor type, along with a raster format.

taset, or Terrain raster

ed on the Raster Type

Soil_Moisture_Retrieval_Data_AM_landcover_class

oooodo

Soill_Moisture_Retrieval_Data_AM_soil_moisture

[ Soi_Moisture_Retrieval_Data_AM_surface_flag

Soill_Moisture_Retrieval_Data_AM_arid_surface_st...

Soil_Moisture_Retrieval_Data_AM_landcover_clas. ..
Soil_Moisture_Retrieval_Data_AM_radar_water_b...
Soil_Meisture_Retrieval_Data_AM_retrieval_qual_...
Soil_Meisture_Retrieval_Data_AM_roughness_coe...

[J Sai_Moisture_Retrieval_Data_AM_soil_moisture_e. ..
[J Sai_Moisture_Retrieval_Data_AM_static_water_b...

[ soi_Moisture_Retrieval_Data_AM_surface_tempe. ..

Raster Type Properties
_
| General I Properties I Variables IFunctions
Define variables
Mame Type Description -~ EI

{150l _Moisture_R.
/{50il_Moisture_R
[{50il_Moisture_Re
[{50il_Moisture_Re
/S0l _Moisture_Re
{/5ail_Moisture_Re
| |//5ol Moisture R
[{50il_Moisture_Re
[{50il_Moisture_Re
[{50il_Moisture_Re
/S0l _Moisture_Re

Select All

Unselect Al
Remove Unselected

L
<] m [ >
Angle reference system Interpolate irregular data
Geographic Arithmetic Interpolation method: Mearest Neighbor v
Interpolation cel size: 0.37345123291
[ copy original dimension values
About Multidimensional Raster Type
oK || cancd |[ feply

* Choose the Properties button near the Raster Type

e Choose the Variables tab

 Select what variable to include in the mosaic data set

 C(Click OK and OK




GIS & SMAP - Load SMAP data in to ArcMap

Catalog 2 |
- e =" | e 2 v & Search Paul »p
- ol @ - e = B
Location: |% SPL3SMP a
= £ E\Paul =
B3 CvEN_5385 @
= L@ SPL3SMP.gdb =
%W =3
B swap | B Copy
i sMAP_| X Delete
ﬁ SMAP_ Rename
5 smap_|
8 snmap | < Create Layer...
% SMAP_| Add Rasters...
SMAP_| .
3 smap_ Modify '
B8 smap_ Enhance 4 | Color Balance...
B SMAP | Optimize L4 Generate Seamlines...
@& SMAP_ Remove 3
3 smap |
HE smap_ Create Referenced Mosaic Dataset... Calculate Statistics...
B smap_ Export
B smap | P ’ = Calculate Statistics
i smar | Generate Tile Cache... Calculates statistics for this raster
# smap_ B share AsImage Service... dataset or mosaic dataset,
# smap_ i . Statistics are needed to perform
#88 smap_ @ Itemn Description... certain tasks on imagery, such as
BB SMAP_| 57 Properties... alpplylingta_ contrast stretch or
22 SMAP_Lssmi P20 Teus T TeUEu vU T classiicatian.

5 SMAP_L3_SM_P_20160320_R16020_001,h5
B SMAP_L3_SM_P_20160321_R16020_001,h5

» After the raster data sets are added, right click on the mosaic data
set and choose Enhance » Calculate Statistics
* Accept all the default values

 C(Click OK




GIS & SMAP - Load SMAP data in to ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
WELEERE L I A e EREED
- = L " ] . ¥ S St
I _I [ ] 2 500 ca |- [ | gialist Ty
50 R | B R oo l:‘ Iﬁ‘lhi ®.@.° UK KA | gy | [ [

Table Of Contents ax
BEEXE
] Loyers|
= SPLISMP
[ Boundary

O

- - - - ) - Do .
. -
Footprint -ﬁ:’ ' -
& o
=0 Image d 4
Value
)

¥
™ High : 0.953101 ~

[
Low: 0.02 |

* The entire time series of SMAP data are now loaded into ArcGIS




GIS & SMAP — Add baselayers

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D2E& B x |9 o [b-Jismom V] EEEE D S im0l Editor-
[ usaState Boundaries  ~| (B EL B | w50 5. ' z

0

= [ USA State Boundaries
# [] USA State Boundaries (over 1:10m)
= [ USA State Boundaries (below 1:10m)
Boundary Type

) 00 B ®Q
Table Of Contents rx ﬁdﬂ‘\j
= layers "C'-_'j |:';_

Internaticnal
State
— Shoreline
— Coastline
= National Forest Administrative Boundaries

O
= SPL3SMP
=~ Boundary Rj
=
=M Footprint
| o
=B Image
Value
High: 0.933101 D
Low: 0.02 %
Table o x
H-E- e O
US_Forest_Service_Administrative_Forest_Boundaries X
FID ADMINFORES REGION | FORESTNUMB | FORESTORGC FORESTHAME ~
35[99050400010343 05 04 0504 Inyo National Forest
21(99030700010343 03 07 0307 Kaibab National Forest
< 0 S 84 10343 [ 06 0806 Kisatchie National Forest
63[99050500010343 05 05 0505 Klamath National Forest
Identlfy ax < 11ga011400010347 W it} 14 n114 Knntanai Natinnal Fnraet S e
tdentfy from: | <Top-most layer> B 0+ »n [E]S 0outof 112 selected)
US_Forest_Service_Administrative_Forest_Boundaries
—

Add US Forest Service Administrative Forest Boundaries from ArcGIS
Online through the Add Data button

Open the USFS attribute table and select Kaibab NF




GIS & SMAP — Add Kaibab NF shapefile

Table Of Contents x

Ele o8 ‘

=/ layers =~ _;
= USA State Boundaries

# [] USAState Boundaries (over 1:10m)

= USA State Boundaries (below 1:10m)
Boundary Type

International

State i
— Shoreline
— Coastline =
= Mational Forest Administrative Boundaries m
= US_Forest_Service_Adminictr. v 2, N
O Export Data
= SPL3SMP X Remove ﬂ
=1 Boundary B Open Attribute Table Export:  |Selected features v|
O
= Footprint Joins and Relates 3 Use the same coordinate system as:
(] @’ Zoom To Layer (®) this layer's source data
= Imaael ) the data frame
alue -
High : 0.953101 e cal Ranae ' the feature dataset you export the data into
Use Symbol Levels (only applies if you export to a feature datasetin a geodatabase)
Low: 0.02 Selection , Cutput feature dass:
e — C\Users'\pamo5721\Desktop\Kaibab_NF shp |
Edit Features 3
‘4o Convert Features to Graphics...
oK | | Cancel
| Data 3 |
* Save As Layer File... |<:-.‘ Export Data...
‘.;-‘ Create Layer Package...
* Properties...
Ef_Properties L Save this layer's data as a shapefile
= or geodatabase feature class
< m >

* Right click on US Forest Service Administrative Forest Boundaries and select
Export Data

* Name the file and add it to your map

e Zoom to the newly added file (right click, Zoom to Extent) and unselect the
US Forest Service Administrative Forest Boundaries layer




GIS & SMAP — View a time series of SMAP data in Kaibab
NF

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
DedsS B n & - |[1:1.250000 v FE B P & image | %8 i o | Editor-
Egé USA State Boundaries ~ 3 B e e

Table Of Contents

BEECE

= s
# [0 USA State Boundaries
= Kaibab_NF

= SPL3SMP
=[] Boundary
=
~+0J Footprint
=
= Image
Value
High: 0953101

Low : 0.02

= [ SPL3SMP_Cell

Value
High: 0.912264
“Low: 0.02
Identify
Identify from: [ <Visible layers>
B SFLESMP_CE"
H £.-0,079847
B- Image
+-0,209994

SMAP_L3 SM_P_20190329_R16022_001.h5://Soi_Moisture_Retrieval_Data_AM/soil_moisture
-SMAP_L3_SM_P_20130324_R16022_001.h5://Soil_Moisture_Retrieval_Data_AM/soil_moisture
-SMAP_L3_SM_P_20190306_R 16022_001.h5://Soi_Moisture_Retrieval_Data_AM/soil_maisture
-SMAP_L3_SM_P_20190302_R16022_001.h5://Soi_Moisture_Retrieval_Data_AM/soil_maisture
-SMAP_L3_SM_P_20120316_R16022_001.h5://Soil_Moisture_Retrieval_Data_AM/soil_moisture
-BMAP_L 3_SM_P_20190314_R 16022_001.h5:{{Soi_Moisture_Retrieval_Dats_AMfsoil_moisture

SMAP_L3_SM_P_20190321_R16022_001.h5:/{Soi_Maisture_Retrieval_Data_AM soil_moisture
i--SMAP_L3_SM_P_20190313_R16022_001.h5://Soi_Moisture_Retrieval_Data_AM/soll_moisture

Time Slider
Location: ‘ -10,880,523.178 4,277,197.423 Meters
rolE[E= 3/31/2019 12:00:00 AM
Field Value
OBIEC.. 29

RASTER  <Raster>
Pixel V... MoData
MName SMAP_L3_SM_P_20190329_R.16022_001.h5://Soill_Moisture_Retrieval_Data_AM/sail_maisture
MinPS i}
<

<4 | 3/1/2019 12:00:00 AM 3/31/2019 12:00:00 AM | >

e Zoom to extent of Kaibab NF
* C(Click on the Time Slider Tool
e Push Play




GIS & SMAP — Calculate mean value for March 2019

ArcToolbox 7 x5

] ArcToolbox ~ g

@ 3D Analyst Tools —‘ DD—J

B3 Analysis Tools =

B9 Cartography Tools [% -
&9 Conversion Tools % & Cell Statistics
&3 Data Interoperability Toal E

& Data Management Tools Input rasters or constant values
E) Editing Tools | ~] @
B3 Geocoding Tools =
&9 Geostatistical Analyst Too| < >5PL3SMP
&9 Linear Referencing Toals
a Multidimension Tools
@ Metwork Analyst Tools
@ Parcel Fabric Teols
& Schematics Tools
@ Server Tools
Q Space Time Pattern Minin
= B Spatial Analyst Tools
& Conditional Output raster
&, Density | E:\PaL\SPL3SMP. gdb \SPL3SMP_Cell2 | @

& Distance Qverlay statistic {optional)

& Extraction MEAN V|
% Generalization lgnore NoData in calculations {optional)

s Groundwater
& Hydrology
& Interpolation
= & Local

N Cell Statistics

‘m Combine

«| =] [x] [#]

XR Equal To Frequenc)
"\ Greater Than Freq OK | |
K\ Highest Position
"\ Less Than Frequen
’% Lowest Position
x\ Popularity

’% Rank

Cancel | |Environments... | | << Hide Help

* Inthe Toolbox section, select Spatial Analyst » Cell Statistics
* |nput rasters = SPL3SMP

* Qutput raster = SPL3SMP_Cell

* Overlay statistics = MEAN




GIS & SMAP — Calculate mean value for March 2019

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DRE&LAax 2c(d 120 VEEETEE ) Bme SRt > Ml
E@USASMeBoundana ;I » @ ‘El@ﬂ .»TI“I‘I"' Jflf.OlT*E éj& Elﬁl ‘-\.'B
BEAMGRRER R | EEMaRy Q@I e E- TR0 E SN OR

| 2 x

88

= &F layers
[0 USA State Boundaries
= Kaibab_MNF

= SPL3SMP_Cell

Value
High: 0.912264

Low: 0.02

O SPL3SMP

Identify *x

Ioentfy from: | <Visible layers> =l
[=-SPL3SMP_Cell
L 0.043044

B

Location: [ -10,803,132.398 4,396,590.891 Meters |

* Voila




GIS & SMAP — WMS time series

* WMS = Web Map Service

e Over 800 NASA Earth data sets available from GIBS
* Soil moisture from SMAP, Aquarius, AMSR, & GLDAS

* Available for ArcGIS, QGIS, and Google Earth

 Web Map Tile Services (WMTS) and Tiled Web Map Service
(TWMS) are also available

« WMS as a OGC protocol handles better time support

* Support projection are Lat-lon/Geog, Web Mercator, NSIDC
Polar Stereographic North, and Antarctic Polar Stereographic

* Specify temporal and spatial coverage in WMS request




GIS & SMAP - GIBS

* GIBS = Global Imagery Browse Services

e https://earthdata.nasa.gov/about/science-system-
description/eosdis-components/global-imagery-browse-
services-gibs

* Access to 800+ satellite imagery products
* Most imagery available within hours after collection

e Access and visualize all products in NASA Worldview
e https://worldview.earthdata.nasa.gov/



https://earthdata.nasa.gov/about/science-system-description/eosdis-components/global-imagery-browse-services-gibs
https://worldview.earthdata.nasa.gov/

GIS & SMAP — Add WMS to ArcMap

File Edit VWiew Bookmarks Insert Selection Geoprocessing Custornize Windows Help

DBSES %G8’ x| 9 |- 25m00m L EEEEE Py
] o8 BlemM BRI I-1t4%0MaNHE GG

BANC0 BD @sE | EERabp QRQNQGEH e H- IO/ B ZASED
Table Of Contents X
[%]8 © 8| - el @ = e e

9 | ocation: MNASA Global Imagery Browse Services for EQSDIS on gibs.earthdata.nasa.gov v

Home - Documents\ ArcGIS
3 Folder Connections
&l Toolboxes
@ Database Servers
3l Database Connections
= [ GIS Servers
*7| Add Arc6IS Server
7 Add ArcIMS Server
4 Add WCS Server
*:| Add WS Server
=& =]

* Expand the Catalog tab in ArcMap
* C(Click on GIS Servers
* (Click on Add WMS Server




GIS & SMAP — Add WMS to ArcMap

* Enter the following URL:
* https://gibs.earthdata.nasa.gov/wms/epsg4326/best/wms.cgi



https://gibs.earthdata.nasa.gov/wms/epsg4326/best/wms.cgi

GIS & SMAP — Browse WMS layers

Catalog
-2 f 3 e | @
Location: | £ NASA Global Imagery Browse Services for EQSDIS

5 Home - Documents\ArcGIS
3 Folder Connections

nnipac Al Aorie-~ &1

EE] Database Connections
3 GIS Servers
&E Add ArcGIS Server
&E Add ArclMS Server
*E Add WCS Server
HE Add WMS Server

H
3 Database Servers
H
=]

=] MASA Global Imagery Browse Services for EQSDIS on gibs.earthdata.nasa.gov
=] Q? MASA Global Imagery Browse Ser\.rices for EOSDIS
= €[
= 2-meter Air Temperature, (Monthly, MERRAZ)
2-meter Air Temperature, Assimilated (Monthly, MERRAZ)
5 Year Tree Cover (CONUS, v1.5, Standard, Landsat / WELD)
Absolute Dynamic Topography (Best Available, AV150)
Aerosol Angstrom Exponent (Daily, SWDB)
Aerosol Angstrom Exponent (Monthly, SWDB)
Aerosol Index (OMI, Aura)
Aerosol Index (OMPS, Suomi NPP)
Aerosol Index (PyroCumuloNimbus, OMPS, Suomi NPP)
Aerosol Optical Depth (3km, MODIS, Aqua)
Aerosol Optical Depth (3km, MODIS, Terra)
Aerosol Optical Depth (Absorbing, Multi-Wavelength, 388.0 nm, OMI, Aura)
Aerosol Optical Depth (OMI, Aura)
Aerosol Optical Depth (Value Added, MODIS, Combined Aqua and Terra)
Aerosol Optical Depth Analysis (Monthly, MERRAZ)
Aerosol Optical Depth Average (Green, Monthly, MISR)
Aerosol Optical Depth, Absorbing (OMI, Aura)
Aerosol Optical Thickness 550nm (Daily, SWDE)

Aerosol Optical Thickness 350nm (Monthly, SWDE)
= Reroso’ glng’e gcat‘terlng E’Eeao mear-ud, m.ﬂn m, OMI, Aura)

$000000600060006006999

e The WMS connection should now be set up
* Expand the Catalog tab
 Expand NASA Global Imagery Browse Services




GIS & SMAP — Browse WMS layers

Catalog A
e 4@ eyl | E
Location: |\, Surface Soil Moisture (L4, 12z Instantaneous, Model Value-aAdded, SMAP)

Surface Skin Temperature (Monthly, MERRA)

Surface Skin Temperature (Monthly, MERRAZ)

Surface Skin Temperature (Mighttime/Descending, Daily, AIRS+AMSU, Aqua)
Surface Skin Temperature (Mighttime/Descending, Monthly, AIRS+AMSU, Aqua)
Surface Soil Moisture (L4, 12z Instantaneous, Model Value-Added, SMAP)
Surface Soil Moisture C-band (Day, Level-3, LPRM, Daily, AMSR-E, EOS-Aqua)
Surface Soil Moisture C-band (Night, Level-3, LPRM, Daily, AMSR-E, EO5-Aqua)
Surface Soil Moisture C1-band (Day, Level-3, LPRM, Daily, AMSR2, GCOM-W1)
Surface Soil Moisture C1-band (Downscaled, Day, Level-3, LPRM, Daily, AMSR2, GCOM-W1)
Surface Soil Moisture C1-band (Downscaled, Night, Level-3, LPRM, Daily, AMSR2, GCOM-W1)
Surface Soil Moisture C1-band (Might, Level-3, LPRM, Daily, AMSR2, GCOM-W1)
Surface Soil Moisture Uncertainty (L4, 12z Instantanecus, Model Value-Added, SMAP)
Surface Soil Moisture X-band (Day, Level-3, LPRM, Daily, TMI, TRMM)

Surface Soil Moisture X-band (Might, Level-2, LPRM, Daily, TMI, TRMM)

Surface Soil Temperature (L4, 12z Instantaneous, Model Value-Added, SMAP)
Surface UV Index (Monthly, All-Sky, Best Available, CERES, Aqua+Terra)

Surface UV Index (Monthly, All-Sky, Best Available, CERES, Aqua+Terra)

Surface Wind Speed (Ascending, Local AM, DMSP-F2 / S5MI)

Surface Wind Speed (Ascending, Lacal PM, DMSP-F10/ SSMI)

Surface Wind Speed (Ascending, Local PM, DMSP-F11/ S5MI)

Surface Wind Speed (Ascending, Local PM, DMSP-F13 / S5MI)

Surface Wind Speed (Ascending, Local PM, DMSP-F14 /7 SSMI)

Surface Wind Speed (Ascending, Local PM, DMSP-F15 / 55MI)

Surface Wind Speed (Ascending, Local PM, DMSP-F16/ SSMIS)

Surface Wind Speed (Ascending, Local PM, DMSP-F17 / SSMIS)

Surface Wind Speed (Descending, Local AM, DMSP-F10 / S5MI)

Surface Wind Speed (Descending, Local AM, DMSP-F11 / S5MI)

Surface Wind Speed (Descending, Local AM, DMSP-F13 / S5MI)

“ Surface Wind Speed (Descending, Local AM, DMSP-F14 /7 S5MI)

< Surface Wind Speed (Descending, Local AM, DMSP-F15 /7 SSMI)

<= Surface Wind 5peed (Descending, Local AM, DMSP-F16 / 55MI5)

<= Surface Wind Speed (Descending, Local AM, DMSP-F17 / S5MIS)

<= Surface Wind Speed (Descending, Local PM, DMSP-F2 / S5MI)

<= Surface Wind 5peed (Monthly, MERRAZ)
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uaieas @l | Boleres gl

0000000000000 006000006006000

e Layers are displayed alphabetically




GIS & SMAP — Add WMS layers

=] NASA Global Imagery Browse Services for
Surface Soil Moisture (L4, 12z Instantaneous, Mo

* Drag WMS layer(s) to the Table of Contents in ArcMap




GIS & SMAP — Enable Time Slider in ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Wind Help
DS 458 x o 6 [ENE i @REE0 =, | SI e e » Ml o AL DN g
I@NASAGIObaIImageryErou_l l @ ﬂ o QM ANEE SO

‘@ :QQ.Q;::::N-H-»LM'Q-k‘o.--"i?ﬂ';aiﬂxé%

Table Of Contents

Eloes=

= = Layers

= MASA Global Imagery Browse Services for EOSDIS
Surface Soil Moisture (L4, 12z Instantaneous, Mo

(<] [ [>]
Identify s
Identify from: I <Top-most layer> ;I

m 3/31/2015 12:00:00 AM | +

!C

b| 3/31/2015 12:00:00 AM 4/14/2013 12:00:00 AM

 Click on the Time Slider tool |




GIS & SMAP — Change Time Slider options

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DRES LR XD ™ b WIIEEIEJW | =172 i [ § Editor-| » Pa| 2 g7 AT B IS 1 E 4 E B
|@NASAG|oba||magerme_| ) BCH y- i o E&A 5
SRR EE ES ::—\ =1 'Tl'il 2 0.0..O L ""E.F" e @ FE2 M 1?\'&
Table Of Contents
%]o¢ 8 2
= = Layers

= W NF\bA Global Imagery Browse Services for EOSDIS
Surface Soil Moisture (L4, 12z Instantaneous, Mo

(<] [ [ >
Identify 2 x
Identify from: I <Top-most layer> ;I £
Tt | |
siEE= /3172015 12:00:00 AM ] +of
& 2o
| 3/31/2015 12:00:00 AM 4/14/2013 12:00:00 AM | >

* Click on Play to view the whole time series
* Choose Options to adjust temporal range, speed of play, etc.
* Create and download an animation




GIS & SMAP — WMS resources

* https://wiki.earthdata.nasa.gov/display/GIBS/Geog
raphic+Information+System+%28GIS%29+Usagettex
pand-ESRIArcGISArcMap

* https://wiki.earthdata.nasa.gov/display/GIBS/GIBS
+APl+for+Developers#GIBSAPIforDevelopers-
OGCWebMapService(WMS)



https://wiki.earthdata.nasa.gov/display/GIBS/Geographic+Information+System+%28GIS%29+Usage#expand-ESRIArcGISArcMap
https://wiki.earthdata.nasa.gov/display/GIBS/GIBS+API+for+DevelopersGIBSAPIforDevelopers-OGCWebMapService(WMS)

GIS & SMAP — Other GIS resources

Home v [Most Recent] Land Information System (LIS) Relative Sail Moisture: 10 cm CONUS Modify Map & Sign In

Details | BB Basemap ‘ & Print ~ | 5 Measure |Find address or place Q.

T

@) About [Z] Content iZ Legend 4

[Most Recent] Land Information System (LIS)
Relative Soil Moisture: 10 em CONUS

Land Information System (LIS) Soil Moisture;
Relative Soil Moisture (0% wilting, 100%
saturation) in the 0-10 cm (near surface),
Updated Daily.

& Imagery Layer by gwlayne

Last Modified: January 2, 2019

{0 ratings, 0 comments, 12 views)

More Details...

San D\egoﬂ i

TI]LIEu’nS. L}

NASA Earth Science Disasters Program
SMAP soil moisture coming soon

Near real time imagery data from SMAP (<3 hours collection to
availability) also coming soon




GIS & SMAP — Other GIS resources

* AppEEARS:
https://Ipdaac.usgs.gov/tools/appeears/

e NASA Worldview:
https://worldview.earthdata.nasa.gov/

e ESRI Water Balance App:
https://livingatlas.arcgis.com/waterbalance/



https://lpdaac.usgs.gov/tools/appeears/
https://worldview.earthdata.nasa.gov/
https://livingatlas.arcgis.com/waterbalance/

Questions?

* NSIDC support: nsidc@nsidc.org

* We work directly with ESRI to make SMAP data more
useable in ArcGIS

 What are your issues with ArcGIS...related to SMAP?

* What features would you like to see in ArcGIS regarding
raster analysis?



mailto:nsidc@nsidc.org
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