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> UAVSAR Data Delivery Summary

* UAVSAR acquisitions

* Spring campaign:
* 137 nominal lines
* Acquired between March 27 — April 18, 2021

* Fall campaign
* 83 nominal lines
* Acquired between September 3 - 13, 2021

* 6 stacks for each campaign

e UAVSAR Delta-X deliverables

: Volume File in
UAVSAR Deliverable Products (<:)

UAVSAR single-look complex (SLC) STACK product, quad-polarized 6000 1460

UAVSAR coregistered interferometric products in radar coordinates

(interferogram, coherence, unwrapped phase, ancillary) 20 e
UAVSAR georeferenced interferometric products (interferogram, coherence,

- 486 1924
unwrapped phase, ancillary)

UAVSAR water level change vs. time, georeferenced 69 293
UAVSAR channels >10 m wide, georeferenced 0.022 2




—=——» L1 Single Look Complex (SLC) quad-polarized

The L1 dataset contains SLC stack
products for all the acquired
Delta-X flight lines during the
spring campaign (03/27/2021 to
04/18/2021) and fall (09/03/2021
to 09/13/2021) campaigns.

These L1 UAVSAR products are
delivered with all polarizations
(quad-pol = HH, HV, VH, and VV)

Spring campaign

atchaf 06309

atchaf 19809

wterre_16300

wterre_34202

eterre_08705

eterre_27309

2021/03/27
2021/04/01
2021/04/02
2021/03/27
2021/04/01
2021/04/02
2021/04/05
2021/04/06
2021/04/07
2021/04/05
2021/04/06
2021/04/07
2021/04/12
2021/04/16
2021/04/18
2021/04/12
2021/04/16
2021/04/18

Total SAR acquisitions =137

https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds i1d=1984
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Fall campaign

UAVSAR flight Number of UAVSAR flight Number of
line acquisitions line acquisitions

atchaf_06309

atchaf_19809

wterre_16300

wterre_34202

eterre_08705

eterre_27309

2021/09/05
2021/09/13
2021/09/05
2021/09/13
2021/09/03
2021/09/12
2021/09/03
2021/09/12
2021/09/04
2021/09/07
2021/09/04
2021/09/07

Total SAR acquisitions = 83
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A single image product from the
UAVSAR SLC stack product
atchaf_19809_02 collected on
March 27, 2021, over the
Atchafalaya Basin, Louisiana. The
image shows the amplitude of the
HH-polarization SLC data in radar
coordinates.


https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1984

Delta-X application workshop tutorial

» L1 Single Look Complex (SLC) quad-polarized

github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax applications workshop/deltax |1 slc.ipynb

Exploring SLC L1 products
In this notebook we take a look at the Single Look Complex (SLC) RADAR images acquired by UAVSAR for the Delta-X campaign.

To access the data please visit ORNL DAAC https://daac.ornl.gov/

About Us Get Data Submit Data Tools Resources Help

## Plot
fig = plt.figure(fig: 12))
# display backsca of the slc
ax = fig.add subplot(2,2,1)

a subset

izew(14,

Modeled mateorsiogical condMions and tagged CO tracer concentrations along ATom flight pathe.

")
orientation='horizontal')

ax.set_title("backscatt
cbar = fig.colorbar(cax,
#display phase of t)
ax = fig.add subplot(2,

ax.set_title("phase segmentl su
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cbar = fig.colorbar(cax, orientation='horizontal')
# plt.show()
# plt.close("all")
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cax = ax.imshow(backscatter _segl[60000:,0:], vmin=0.05, vmaxw~0.35,
ax.set_title("backscatter segmentl subset")

cbar = fig.colorbar(cax, orientation='horizontal')

#display phase of the slc

ax = fig.add_subplot(2,2,2)

cax = ax.imshow(phase seg 1(60000:,0:], cmap='hav')
ax.set_title("phase segmentl subset”)

cbar = fig.colorbar(cax, or tation='horizontal')

# display backscatter of the slc

ax = fig.add subplot(2,2,3)

cax = ax.imshow(backsca - 5eg2[50000:,0:], vmin=0.05, vmax=0.35,

e

L1 SLC Data Characteristics
Link to dataset

https://daac.ornl.gov/DELTAX /guides/DeltaX_L1_UAVSAR_SLC_Stack.html

Data File Information

This dataset contains UAVSAR Level 1 (L1) Single Look Complex {SLC) stack products for Delta-X flight lines. This L1 dataset is intended for users who are familiar
with data from synthetic aperture radar, especially products from UAVSAR (https://uavsar.jpl.nasa.gov/). Contact UAVSAR for detailed information on how to
interpret the files (https:/juavsar.jpl.nasa.govjcgi-bin/contact.pl).

These L1 data contain slant range single look complex (SLC), latitudeflongitude/height, look vector, doppler, and metadata files. The data are provided in SLC stack
format (.slc) with associated annotation (.ann), latitude-longitude-height (./fh), look vector {.lkv), and Doppler centroid-slant range (*dop) files. The single look
complex (SLC) stacks are in the HH, HY, VH, and V'V polarizations. The same area was sampled at approximately 30-minute intervals. The SLCs are not corrected
for residual baseline (BU).

+ Spatial Coverage: Atchafalaya River and Terrebonne Basins in southern Louisiana

« Spatial Resolution: 0.8m (along- flight-line) by 1.7 m (slant range, along line-of-sight (LOS))
+ Temporal Coverage: 2021-03-27 to 2021-04-18 and 2021-09-05 to 2021-09-13

« Temporal Resolution: estimates at 30-minute intervals

+ File naming convention:

cmap='gray"’)

phase segmentl subset


https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1_slc.ipynb
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» L1b and L2 Interferometric products

The wrapped InSAR interferograms and interferometric coherence products were generated for
nearest-neighbor (NN), NN+1, and NN+2 pairs for VV-polarization data acquired within a single
flight (one day).

Interferogram Amplitude (db) . Wrapped Phase (rad) Coherence

» Interferometric amplitude.

* Wrapped interferometric phase.

* Interferometric coherence.

* Unwrapped interferometric phase products.

Interferogram Amplitude (db) 8 Wrapped Phase (rad) Coherence A Unwrapped Phase (rad)
- ,ﬁ L

.

G

o

https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds id=1979
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds id=2057



https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1979
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=2057
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» L1b and L2 Interferometric products

Sprlng FaII

line acquisitions interferograms line acquisitions interferograms
atchaf_06309 2021/03/27 atchaf_06309 2021/09/05
2021/04/01 7 15 2021/09/13 2 1
2021/04/02 9 21 atchaf 19809 2021/09/05 9 21
atchaf_19809 2021/03/27 9 21 2021/09/13 4 6
2021/04/01 9 21 wterre_16300 2021/09/03 6 12
2021/04/02 9 21 2021/09/12 7 15
wterre_16300 2021/04/05 8 18 wterre_34202 2021/09/03 7 15
2021/04/06 7 15 2021/09/12 8 18
2021/04/07 7 15 eterre_08705 2021/09/04 8 18
wterre_34202 2021/04/05 8 18 2021/09/07 8 18
2021/04/06 6 12 eterre_27309 2021/09/04 8 18
2021/04/07 8 18 2021/09/07 7 15
eterre_08705 2021/04/12 8 18
2021/04/16 6 12 Total interferograms =
2021/04/18 7 15 178
eterre_27309 2021/04/12 7 15
2021/04/16 7 15
2021/04/18 7 15

https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds id=1979
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds id=2057

Total interferograms =

'aYatla)


https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1979
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=2057
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—— L1b and L2 Interferometric products

Delta-X application workshop tutorial
github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax applications workshop/deltax |1b 12 interferograms.ipynb
Radar interferometry (INSAR) 4 imtine protila tor eapped snd umeopped poase

int = gec w_int mek|8637:10417, 4172)
w_int = guo_ume_izt eak{BE3):10437, 4172

Synthetic Aperture Radar (SAR) is a type of radar, generally mounted on a space or airborne platform. This system uses the platform flying path to simulate a

very large antenna and produce high ion images. inter ic aperture radar (INSAR) Is a remote sensing technique that uses the difference 2lg = uib. figurettlyalzemiits 811
of phase return between to SAR acquisitions taken over a same location in different time periods. Since SAR sensors are often mounted in satellite platforms, the ax - add_sobplet(l,2,.1)

; caxeax. izahow(np.me. Faxked_vieru|geo_v_int sekesd, _rak), extanteges_cornecs,
INSAR technigue is commonly used to observe changes in the Earth’s surface (BUrgmann et al., 20000; Hansen et al., 2001; Rosen et al,, 2000). isterpalatice='nesrest , ceape’ hav' |

ax.plot([-91.12, -31.12},[23.3, 29.3], k']

t_title| wrapped” |

char = fig.colorbar(cax, ticka={-3.14, 0, 3.14] crientatica='ynrtizal’)

ax = £ig.add_ssbplet(l,2,3)

Caxesx. izahow|np.me . raxked vEarw|geo_usw_int make=0, Qeo_usw_int k), extentegec_corners,
interpolatica='nearwst , veine-£.20, vaax=t.18, caap= fe:'|

sx.plot([-91.12, -91.121,(23.3, 29.3], -k'|

t_title| sovrapped” )

char = fig.colorbar(cux,orisntatione= yert

ple.sbowl )

ground motion
(relative to the satellite)

away from——>» N2
0cmAT € D Elyg3em)
towards €——

2ig = pit.figure(figaize=(13,
add_subplet(1,2,1)
cax=sx.plot|ges_pt_unw_int)
titlu| Wragped pr

, fantweight='bald’,
chaz”, fontweight=
. fontweight='bold’, fontsize=ié
1,2,3)
cax=sx.plot|ges_pt_w_int]

ax.set_title| Unwrapped protile”, fostweight='sold’,

Plt.xiabal| Pizal sazple zembar”, fostweight='bold
plt.ylabel| Radiana®, fontweight= bold', fontsizesld|
Delta-X UAVSAR InSAR L1B data overview Tt ctosapesit®y

Geo_pf_w int = Moas; geo_pf unw_int = Noas

This dataset contains UAVSAR Level 1B (L18) interferometric products for Delta-X flight lines acquired during the spring and fall deployments 2021-03-27 to

2021-04-18 and 09/03/2021 to 09/13/2021. The study area includes the Atchafalaya Basin, in Southern Louisiana, USA, within the Mississippi River Delta (MRD) wrapped unwrapped
£
floodplain. P €
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A set of nearest-neighbor (NN), NN+1, and NN+2 co-registered VV-polarization interferograms were generated from the quad-polarization SLC stack level-1 (L1) ! 1 b
product using a ion of the INSAR Scientific C i (ISCE)(Rosen et al., 2012), the i ost, k-1l for phase > ‘ i
unwrapping (SNAPHU)(Chen et al., 2001), and previously developed python code. The data are provided in non-georeferenced ENVI file format and include: " | ! 3

[ (&)

- W wwm o
Pixel sample number



https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1b_l2_interferograms.ipynb

> L3 InSAR derived water level change

)

Spring campaign Fall campaign

UAVSAR flight Number of Number of
line acquisitions interferograms

UAVSAR flight Number of Number of
line acquisitions interferograms

atchaf_06309 2021/03/27 8 18 atchaf_06309 2021/09/05 9 21
2021/04/01 7 15 2021/09/13 2 - —]— -
2021/04/02 9 21 atchaf_19809 2021/09/05 9 21
atchaf_19809 2021/03/27 9 21 2021/09/13 4 6
2021/04/01 9 21 wterre_16300 2021/09/03 6 12
2021/04/02 9 21 2021/09/12 7 15
wterre_16300 2021/04/05 8 18 wterre_34202 2021/09/03 7 15
2021/04/06 7 15 2021/09/12 8 18
2021/04/07 7 15 eterre_08705 2021/09/04 8 18
wterre_34202 2021/04/05 8 18 2021/09/07 8 18
2021/04/06 6 12 eterre_27309 2021/09/04 8 18
2021/04/07 8 18 2021/09/07 7 \_ 15
eterre_08705 2021/04/12 8 18 Total water level change time series = 11
2021/04/16 6 12
2021/04/18 7 15
eterre_27309 2021/04/12 7 15
2021/04/16 7 15
2021/04/18 / g L https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=2058

Total water level change time series = 18


https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=2058
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—— L3 InSAR derived water level change
o Delta-X application workshop tutorial
github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax applications workshop/deltax I3 wic time steps.ipynb
L3 Data Characteristics

Data aplication and derivation

The UAVSAR interferometric products serve as maps of surface change throughout the wetland regions. This data is used to produce water level change time
series measuraments that are used to evaluate and compare hydrodynamic model performance.

Data information

Spatial Coverage: Atchafalaya River and Terrebonne Basins in southern Louisiana

Spatial Resolution: 0.000063 degrees (approximately m)

Temporal Coverage: 2021-03-27 to 2021-04-18 and 2021-09-05 to 2021-09-13

Temporal Resolution: estimates at 30-minute intervals

InSAR deriver water level change units: meters

File naming convention:
= Water level change naming convention: ssssss_IlIlI_YYLLDDHHMM_yyliddhhmm_vv_waterlevelchange
= Temporal coherence naming convention: ssssss_NII_YYLLDD_vv_temporalcoherence.grd.dat

Ini Branis J03164.06 1738500

Fleld Content =

Limon sios w
$55555 B-character alphanumeric site name assigned 1o the UAVSAR flight line
- S-eharacter flight line 1D assigned 1o the UAVSAR Mlight line. The first 3 characters are the sircraft heading i =) o = g =
characters are an alphanumeric counter chosen to ensure uniqueness of the ID. ” o ” {Liftwca coordimats
» » Ll Brafia 10316406 18:00:00 #¢ Conerate a wample for each InSAX time step

¥YLLDDHHMM  UTC time of the start of Aca. #1, encoded as:

# insar sample size
inaar_ss = 530

¥ = the last two digits of the year

LL = manth {1-12)
s)
sample_coord x, sample_coord y)

DO = day of menth

.w‘._.,.w.q{rﬂ__‘_,,., Al

HH = hour (0-24) = o [ ¢ era
a (thgnize(25, 5))
. in pronie 193164 06 1531300
MM = minute S st
- .
» index(date)
anple

R insar_sasple « lzsar_ta[i, sample coord y - insar_ss: sasple coord y + in
ol o sanple_coord x - insar_ssisample_coord x + insar

# Plot the InSAR sasp.
ax = f1g.2dd_subplot(l,§,141)

|
w e ™ RS A e e B S S P i i
vain = -0.2, vmax = 0.2, cmap = ‘jet', interpolation=
n rafiia 3031 €4.06 190z
L 031 L ax.set_title(de_list(i])
cbar « fig.colorbar(cax, oriestatione horizontal’|
- e e Do Rt 3 < o o TR I cbar.set_label( metera’, rotatiom=d)
s
B i | ple.adow)
e o b Y plt.close("ail")
4 '\.r | insar_sasple = Wone; sasple coord x « Wone; sasple coord y « None
|
- ~ 11 T ha Raster pixel coords x,
Rrifncis coordinate 20210406 17 28 00
[ profile J0F1 4 06 AT s
”
w
[ l.|J «
‘.| |"‘| ol [l. Iy
| Wl “
e ! |
- ! | ‘
o IM.MI. cnordinmbe o o T 00 @0 W W
inf Prafie 031 €4 06 110700
a2 -4t 6o 61 e
IASAR water saval change profile |.||('| |J|IH‘ ||I |
. L i "
oS! l'ﬂ U
[ I 1

Water beal change (m)

v

i il L’,r »h T

\ |
) L

N

Pt savote mumer


https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l3_wlc_time_steps.ipynb
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Eterre_27309_210412 time series in radar coordinates
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Wterre_16300_20210406 time series in radar coordinates
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L3 INSAR derived water level change

17:30

18:30

19:00
Time (Hours:Mins)

21040672047

20

r10

r-10

F—20

Station CRMSOBQ%HO 1

Station CRMSOBQ?ISHO 1

17:30

Water level change at CRMS5035-H01

18:00

NOAA Amerada Pass(WL) and UAVSAR Flight
0.5
W

- g f

-

204 h "\‘ !

- ¢ - 1

2 u\ ! ' \ !

]

9 1 .

§03 Y ‘ \ H

£ L] l' '\ 1

: 0.2 \" JI \ 'I

Ed

£ L] \

%’ \ ,‘ L] !

T X ! \ s

01 v/ "4
-
‘v-;
o 5 ol 03 Q&'oﬁ Q&'oﬁ Q-&'(ﬂ 0l ol g&’oﬁ
UTC Time (Month-Day)
Water level change at CRMS2887-HO (RMSE=1.783 cm) Station cnmszsazémn

= 48 .
E —e— CRMS2887-HO1 Te .
3 461 v InsAR A 0
3% 95th percentile | ...~
T 42 v 50th percentile «"“
% --=- 5th percentile

40
= oy

19:30 20:00 20:30

19:00
Time (Hours:Mins)

18:30

(RMSE=1.598 cm) Station CRMS5035-H01

o
N

@
=]

%
o

Water level (cm)
w
(<]

—e— CRMS5035-H01 .-

~%. InSAR e
-~ 95th percentile ‘,_‘(.-f"'p .
v 50th percentile ..
- 5th percentile
17:30 18:00 1830 19:00 19:30 20:00 20:30

Time (Hours:Mins)



-
=
s-_-
té

Delta-X application workshop tutorial:
daac.ornl.gov/resources/tutorials/2022 deltax workshop/

e L1 Single Look Complex (SLC):
github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax ap

> Delta-X applications workshop

plications workshop/deltax 11 slc.ipynb

e Llband L2 Interferometric products:
github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax ap

plications workshop/deltax 11b 12 interferograms.ipynb

® L3 InSAR derived water level change:
github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax ap

plications workshop/deltax 13 wlc time steps.ipynb
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Delta-X Applications Workshop

Hosted by: Delta-X Science Team

Date: May 4-5, 2022

Contact for the ORNL DAAC: support-om| gov@earthdata.nasa.gov £ or Contact Us
Keywords: Tutorial, Airborne, Data Management, Python, SAR

Overview

On May 4th and 5th, 2022, the Delta-X Science Team d
person at The Estuary at the Water Campus Baton Rou
datasets and steps for analyzing fiel

data and d:
provided videos of presentations, slide content, and Notebook
Workshop Content repository link below. The ORNL DAAC arc!
mission at the Delta-X website.

d conducted a Delta-X Applications Workshop which was held virtually and in
n this two-day workshop, the juction to Delta-

ts covered an introduction to Delta-X
nds-

Workshop Content

Delta-X Applications Workshop (May 4-5, 2022) ©

Watch on (8 Youlube

« Fiel
+ AVIRIS-NG Data
« ArSWOT Data

May §

« ArSWOT Application - Michael Denbina

+ UAVSAR Data Overview, Access & Application - Talib Oliver Cabrera
+ ANUGA Model - Kyle Wright

+ Delft3D Model - Luca Cortese

« Closeout

ORNL DAAC Project Page

Related Learning Resources

More tutorials related to ORNL DAAC data and web services can be found on the ORNL DAAC's Leaming page.



https://daac.ornl.gov/resources/tutorials/2022_deltax_workshop/
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1_slc.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1_slc.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1b_l2_interferograms.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1b_l2_interferograms.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l3_wlc_time_steps.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l3_wlc_time_steps.ipynb

Dr. Cathleen Jones daac.ornl.gov/DELTAX/guides/DeltaX UAVSAR L3 ChannelMap.html
Dr. Bhuvan Varugu



https://daac.ornl.gov/DELTAX/guides/DeltaX_UAVSAR_L3_ChannelMap.html

> Delta-X: UAVSAR L3 Gridded Open Water Channels

® UAVSAR coherence and amplitude are sensitive to the ground surface characteristics.
e We use the amplitude and coherence over multiple interferograms (L-1B) to identify
pixels as water and land

Two separate geocoded masks are available for the Atchafalaya and Terrebonne tracks

® Masks are useful to identify open water paths in hydrodynamic models.

Atchafalaya Terrebonne

A%




Data from both spring and fall were used because the
spring campaign had many inundated areas that obscured
the channel network and because in both spring and fall
some of the lines had low coherence over parts of the

scene, probably from heavy cloud cover.

To get the best channel extent without a lot of seasonally
flooded areas included in the map, in general the higher
tide Fall campaign data was used to make the map,
although in some cases channels in parts of the scene
were taken from data acquired in other flights for the

reasons mentioned above.

UAVSAR flight
line

atchaf 06309

atchaf 19809

eterre_08705
eterre_27309

wterre_ 16300

wterre_34202

> Delta-X: UAVSAR L3 Gridded Open Water Channels

Date

2021-09-05
2021-09-13
2021-09-05
2021-09-13
2021-09-07
2021-09-07
2021-04-07
2021-09-12
2021-04-07
2021-09-12
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Available at: daac.ornl.gov/DELTAX/guides/DeltaX UAVSAR L3 ChannelMap.html



https://daac.ornl.gov/DELTAX/guides/DeltaX_UAVSAR_L3_ChannelMap.html

— Delta-X: UAVSAR products and resources
= available at OARNL DAAC

- L1 Single Look Complex (SLC) quad-polarized

github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax applications workshop/deltax 11 slc.ipynb

- L1b and L2 Interferometric products

github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax applications workshop/deltax 11b 12 interferograms.ipynb
- L3 InSAR derived water level change

github.com/ornldaac/deltax workshop 2022/blob/main/tutorials/deltax applications workshop/deltax 13 wlc time steps.ipynb

- Delta-X: UAVSAR L3 Gridded Open Water Channels
daac.ornl.gov/DELTAX/guides/DeltaX UAVSAR L3 ChannelMap.html .
- Delta-X application workshop tutorial: ——
daac.ornl.gov/resources/tutorials/2022 deltax workshop/ B

Delta-X Applications Workshop

rrrrrr
ission at the DeltaX wabsi.

Workshop Content

Wrapped Phase {rad) Coherence Unwrapped Phase (rad)
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Agenda
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https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1_slc.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l1b_l2_interferograms.ipynb
https://github.com/ornldaac/deltax_workshop_2022/blob/main/tutorials/deltax_applications_workshop/deltax_l3_wlc_time_steps.ipynb
https://daac.ornl.gov/DELTAX/guides/DeltaX_UAVSAR_L3_ChannelMap.html
https://daac.ornl.gov/resources/tutorials/2022_deltax_workshop/
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