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AIrSWOT Overview

Airborne platform for radar measurements of hydrologic targets.
Instruments:
« Ka-band SWOT Phenomenology Airborne Radar (KaSPAR)
* IMU (Applanix POSAV 610)
 Digital camera system
Integrated on Beechcraft Super King Air B200 Aircraft
Website: https://swot.jpl.nasa.gov/airswot.htm
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AIrSWOT Overview

«  Carrier Frequency: 35.75 GHz (wavelength 8.4 mm)

* Negligible penetration into water, measures water surface height

* Incidence angles:
 ~51t0 25 deg. for outer swath
*+ ~0to 5 deg. for inner swath (similar to SWOT)

«  Stripmap SAR imaging

»  Cross-track interferometry (for surface height measurement) using antennas

Oand 1

« Along-track interferometry (for surface radial velocity measurement) also

possible

* Resolution: ~3 meters, varies from near-range to far-range
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AirSWOT Selected Earlier Deployments/Flights
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AirSWOT ABoVE Deployment

 Arctic-Boreal Vulnerability Experiment (ABoVE)
» Field-work + airborne campaign
» Multiple airborne sensors, including AirSWOT
» Overlapping swaths to facilitate inter-comparison
* AiIrSWOT acquired data in July, August 2017

VULNERABILITY AND

CAUSES OF CHANGE
Many factors from the |ocal, to regional, to global
scales drive changes to ecosystems. Examples
include: increasing temperature and CO, ; altered
timing, amount, and types of precipitation:
and social factors such as global
demand for fossil fuels, economic
stability, and land development.

To varying degrees, these
drivers interact te influence
the structure and function

of ecosystems.

I8!

SOCIAL SYSTEMS

People respond to these changes in
many ways. Individuals and households
may change their behavior, for example
relying mare heavily on store-bought food than
subsistence hunting. Communities may invest in
new infrastructure or move to a new location.
Governments may change wildfire suppression
strategies or enact policies for reducing
greenhouse gas emissions.

All of these responses may influence the drivers of
change in both intended and unintended ways.

g RESILIENCE FRAMEWORK o @

CHANGES TO ECOSYSTEMS
Ecosystem structure and function are impacted
by drivers that are both external (e.g. global
climate change) and internal (e.g., natural
increase or decrease in population).
Potential impacts include: changes in
species range and biodiversity;
greater intensity and frequency of
fires; changes in the distribution
of insects; increased soil
respiration and production of
CO, and methane; lake

formation due to perma-
frost thaw.

ECOSYSTEM SERVICES

Ecosystem services are the benefits
and value that people derive from the
environment that sustains us. Examples
include: food and freshwater production; solid soll
foundations for building and transportation
infrastructure; indigenous wildlife harvest for
subsistence.

When ecosystem structure and function changes,
there are consequences to the types, timing, and
amount of ecosystem services available.

ARCTIC - BOREAL VULNERABILITY EXPERIMENT
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AirSWOT ABoVE Deployment

AirSWOT ABoVE Flight Tracks

* Blue tracks: July 2017
| hies ' * Red tracks: August 2017
o \ TR s R : « Total: 133 flight lines
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AirSWOT ABoVE Deployment

Selected Study Areas

Yukon Flats, Alaska NW Territories, Canada
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AirSWOT Flight Planning Process

- Step 1: Pls create the lines using flight planning software

Flight Plan Report: pavelky_0074 (Saskatoon McMurray June 6)

Created by pavelky on Jun 6, 2017 at 9:27 AM. Estimated flight time: 3 hrs 40 min.
Comments:

Related Plans | Plan Summary | Flight Map (with KML files) | Configuration
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AirSWOT Flight Planning Process

- Step 2: Instrument Engineer goes through each line to obtain proper ground
elevation
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AirSWOT Flight Planning Process

- Step 3:: Radar parameters are generated for each line

Google Earth Visual Inspection OUTER SWATH INNTER SWATH

Description Latitude Longitude | Grd Alt Mid | DAQ Time MIN AVG MAX DIFF MIN AVG MAX DIFF UAVSAR | TEST MIN MAX MIN MAX
PAVELO_307_PRE N 52 11.62 |W 106 00.27 503 12 435 523 585 150 435 502.5 570 135 524 503 -457 603 337 603
PAVELO_307_POS N 52 44.46 (W 107 11.60 503 435 523 585 150 435 502.5 570 135 524 503 -457 603 337 603
PAVEQ1_040_PRE N 523211 |W 106 57.27 As4 24 433 497 566 133 322 4425 563 241 464 464 -496 564 298 564
PAVEO1_040_POS N 53 55.55 [W 105 01.33 A64 433 497 566 133 322 442.5 563 241 464 464 -496 564 298 564
PAVE 0074 PAVEOS_261_PRE N 53 58.16 [W 104 23.85 552 16 450 536 684 234 453 552 651 198 498 552 -408 652 386 652
- PAVEOS_261_POS N 53 46.11 (W 106 27.36 552 450 536 684 234 453 552 651 198 498 552 -408 652 386 652
PAVE02_271_PRE N 53 16.34 |W 106 29.03 623 46 480 630 745 265 495 609 723 228 579 623 -337 723 457 723
PAVE02_271_POS N 53 21.30 (W 112 13.84 623 480 630 745 265 495 609 723 228 579 623 -337 723 457 723
PAVEL1_021_PRE N 54 00.85 |W 112 39.94 626 35 475 643 747 272 477 601.5 726 249 631 626 -334 726 460 726
PAVEL1_021_POS M 56 27.3% |W 111 00.87 626 475 643 747 272 477 601.5 726 249 631 626 -334 726 460 726

S
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AirSWOT Flight Planning Process

- Step 4: Coordinates are converted into ForeFlight and sent to flight crew
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AirSWOT Daily Operation

- 0700: Flight crew hold preflight
telecon with Pls to confirm
weather condition, flight line
priorities, and takeoff time.

- 0730: Flight crew head to airplane

- 0930 ~ 1430: Take off and
execute the flight plan

12 jpl.nasa.gov



AirSWOT Daily Operation

- 1500: Post flight telecon with Pls & home base to
report issues during the flight, weather outlook for the
next sortie etc.

- 1800: Flight crew tag up with
Pls and go out for dinner

‘13 jpl.nasa.gov



AIrSWOT Pictures

Leaving marks with the locals...

kor_—

14 jpl.nasa.gov



AIrSWOT Pictures
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AIrSWOT Pictures
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AirSWOT Processing Overview

Reference DEM

A priori water
mask

Phase 1

Raw data ingestion.
Radar data matched with
corresponding IMU data.
Sorting into bundles.

Phase 2
Line-by-line processing.
*+ SAR image formation
* Interferogram formation,
phase unwrapping
« Initial phase drift estimation.
« Initial height reconstruction.

Phase 3
Least-squares estimation of phase
drift for AirSWOT self-consistency.
Final height reconstruction.
Regridding/projection to output
coordinates.

Diagnostic plots for
guality assessment,
debugging

Diagnostic plots for
height self-consistency
assessment.
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[ AIRSWOT DATABASE LOGIN

@ Secure | https://airswot.jpl.nasa.gov/cgi-bin/qm_airswot.cgi

BSS B Documentation FSFinances G Google [§)JPL GitHub & SWOT Bitbucket ¥ SWOT KaRin Syste..  J&{ AirSWOT wiki page [1 AirSWOT Production

AirSWOT Intranet (JPL internal network)

Albert

o

» [ Other Bookmarks

Albert logoff data search(released) Wiki ion command refe )
Search | Search to lista job
General Job Filters -> Acquisition time(emd_id): Ref. Acquisition time(cmd_id_ref): Sitename/Sitename Alias: System
comments: User comments:
Numsecs(data collection)>=: status/priority: ¢ & product: - | starting substage: - [
ending/transient substage: - [ at host: - [JReleased product: - %]
Product Type: - |- /Max # of records/Display Set : 50
next
Total Number of dataset found: 911 Displaying: 1 -> 50
g:;:’“ e ISitename |Completed_date ;‘"h":‘ﬂ::ﬂ:mm (i Q4 ;‘m"“"“ﬁ |System/User comments |Exceution history
1 0000 dat
|Outerswath with socket 3 i - |R/whgreen-rl/rdata/links/201708 1 2/shess/shes_20170812_rjm_v3
lati 4 aurora |YellowknifeA LAl 1 config xml 2
(in-review) 20170812224308(2838) 231204 |Pziw/airswot 3 PRODUCTION/201 7081 2224308 . P
[Reteased product: 63.1924/-114.4392- [version-1.3-14- SDUCTION/201 _RELEASE| 5 N AL
B [562.50724-114.4899 22137eac (Cutotal # secs:702 [upeace By:Denbina
qa listing, product page
|R:/uhgreen-rl/rdatallinks/20170708/17161 2/Sacket0-0000 dat
|Outerswath with socket 3 (CandleLake 12018-05-21 IRe/uwbgreen-r]ndatalinks/201 70708 shess/sbes_20170708_rjm_v3 Cleanup at HFC by
lati 4 aurera P |Re/ubgreen-rindata/links/20170708/171612/Sockesd)_configxml |
(in-review) 2017[)708171612(2708) 122303 |Priw/airswot3 PRODUCTION/201 TOTOB L TI612 P
[Released product: Iversion-1.3-13- ||0vu/airsword/PRODUCTION/20170708171612/WEB_RELEASE| - e
53.9673/-104.3422- l20fc4Tan o ——— lupdae By Denbina
[>53.7685/- 1064334 qa listing, product page
- ! 0000 da:
|Outerswath with socket 3 |WillowLake 12018-05-21 IR:/wbgreen-r] ndatallinks/201 T0809/shets/shes 20170809_rjm v3 Cleanup at HAC by
lati 4 aurera Ll 1 | config xml 4
(in-review) 2017080922[)550(2549) 1223()3 |Priu/airswioe3 PRODUCTION/201 TORDG2 20550 y
e Iversion-1.3-13- CTION/20170809220550/WEB_RELEASE - AL
62.2587/-117.7772- l80fcdTza o ——— lupdae By Denbina
[>62.5491/-114.6902 isti
ga listing, product page
| Re/whgreen-rl/rdata/links/20170816/2021 53/Socke:0-0000 dat
|Quterswath with socket 3 (CandleLake 12018-05-21 IR/whgreen-rl/niata/links/ 201708 16/sbets/sbes 20170816 rjm v3 Cleanup at HAC by
|ati 4 aurora Ll |R:/ubgreen-rlirdata/links/201 708162021 53/Socket)_config-xml )
(in-review) 20170816202243 (2795) 1223 02 |Priu/airswor3 PRODUCTION/201 TR 16202243 Las
[Released product: P it T Iversion-1.3-13- JCTION/201 | RELEASE| . Denbi 25
- 53,9232/ 104.4061 (z9fcaTaa z:’l‘:;;;;"‘;m e [
- - 48 USUITE, PIUCGRLE Daps
1 0000
|Quterswath with socket 3 skRi 2018-05-21 IR/wgrecn-rl/rdata/links/20170816¢sbets/sbet 20170816 rjm_v3
R 120170816204931(2797) prRTE 12:23:02 L b CleenupatHPC |4
(in-review) o |Priu/airswor3 PRODUCTION/201 70816204931 Las
[Released product: 53.0702/-105 0443~ [version-1.3-13- | 0uvuairswot PRODUCTION/20170816204931 /'WEB_RELEASE| 5 t
B b-52.57151-107 0026 \n0fcaTaa (ol # secs 966 [upeuc sy Denbina
ga listing, product page
B 1 7081711 0000
with socket 3 SaskRiverC 2018-05-21 |Rz/whgrecn-rl/rdatalinks/201708 1 7/sbets/sbet 20170817 gjm v3 Cleanup at HPC by
lati 4 aurora iy IRe/whgrecn-rl/rdata/links/201708 17/ 70202/ Sockesd)_config xml )
(in-review) 20170817170327(2802) 1223G1 |Priu/airswot3 PRODUCTION/201 T0R 1 71 70327 Ly
[Released product: [version-1.3-13- | 0uusirswot PRODUCTION//201708171 70327/ WER_RELEASE| N t
“B Lreron o ST e
|53 .9186/-105. i
ga listing, product page
QaclDivan™ | I [ - L

AirSWOT Processing: Computing system

« Raw data transferred from radar to AirSWOT servers (Section 334)

* Phase 1 and 2 computing done on JPL HPC clusters (aurora and halo)
» Web interface facilitates submitting compute jobs and tracking status
* Phase 3 done on AirSWOT servers.

18
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AiIrSWOT Processing: Phase 1

YukonB Radar Swaths
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AirSWOT Processing: Phase 2

Interferogram:
Color - Phase
Brightness - Coherence

Near range Far range
\ /
Lakes
P
Along-track

Dqta direction
window
starts
befqre Narrow river
nadir
return

YukonD, 20150612-220705

Lake surface,, |

is flat ~

Along-track distance [km]

Height Reconstruction Result

WGS-84 height [meters]

Cross-track distance [km]
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AirSWOT Processing: Phase 2

Backscatter coefficient
sigma0 [dB]

High sigma0 10.0
for water near
nadir - good

SNR E

7.5

5.0

2:5

Along-track distas

-10.0

Cross-track distance [km]

Along-track distance [km]

Height Sensitivity
oh/a¢ [m/rad]

¥
g
“

1 2 3 4
Cross-track distance [km]

* Height sensitivity
computed during height
reconstruction.

* Height sensitivity
increases across swath.

0 * Uncalibrated receiver
differential phase results

-2 in a cross-track height
ramp

-4

-6

-8

-10

-12

-14
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AirSWOT Processing: Phase 3

Flying out of page

\-

Error in receiver
differential phase
estimate = results
not self-consistent

Flying into page

|

Least-squares formulation to estimate
receiver differential phase:

dh
dor

dh
dos

dh
de;

dh
do;

b1

ot

&{

True surface height

Accurate receiver differential
phase estimate > AirSWOT

measurements are self-

consistent

We call this “bundle adjustment.”

22
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common-peg S [km]

AirSWOT Processing: Phase 3

Each pixel imaged up to 8 times. Before Bundle Adjustment After Bundle Adjustment
num_lines hgt_std [m] Std.dev. computed hgt_std [m]
over AirSWOT
— —7.51 -7.51
7.5 75 _ measurements.
-5.0 —5.01
8 - 1.4 - 1.2
7 E g
o5 3 —2.51 1.2 =3 1.0
6 v 1.0 n B
> g 0.8 g '
0.01 o 0.0 : £ 0.6
4 < 0.6 5
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= : : I
2-5 2 8 0'2 8 0.2
! ] 0.0 0.0
0 5.0
5.0
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-5 0 —5 0
-5 0 common-peg C [km] common-peg C [km]
common-peg C [km]
hgt_std for All Pixels hgt_std for All Pixels
. Mean (Red): 0,54 m P Mean (Red): 0.25 m
\ 14 : Median (Green): 0.45 m 4 Median (Green): 0.17 m
Bundle adjustment uses 12 .
coordinate system aligned T, § 3
with flight directions. g g
S 08 i
% 0.6 % 2
2 0.4 g
1
0.2
00 00 02 04 06 08 10 12 14 0
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-7.5

-5.0

cpeg S [km]

25

5.0

residual height [m]

residual height [m]

AiIrSWOT Processing: Phase 3

Reference DEM elevation, 20 meter wrap

Before Bundle Adjustment

Cut through common-peg S = -1.5 km

-4 -2 0 2 a
common-peg C [km]

After Bundle Adjustment
Cut through common-peg S = -1.5 km

-4 -2 0 2 4
common-peg C [km]
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AirSWOT Processing: Final Results

Mosaic of height results from 2015 Yukon, Alaska flights.

Yukon A
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Results from ABoVE 2017 flights, near Saskatoon,
Saskatchewan.
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AirSWOT Processing: Final Results

ABOVE 2017, near Saskatoon, Canada
S 9, ‘ i

Google Earth imagery AirSWOT radar backscatter

. AirSWOT height,
Google Earth imagery visualized as shaded relief image
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ABOVE Deployment Results

* ABOVE processed results will also be distributed in GeoTiff format with the ABoVE standard grid

and file-name convention
* AIrSWOT uses ABoVE “C” (fine resolution) tiles
* Facilitates inter-comparison amongst datasets

AirSWOT image

W w N s W N O

11

13
14

16
17
18
19
20

22
23

ABOVE “C” tile boundaries

This portion distributed as
ABOVE.AirSWOT_Radar.20170816204931.Ch089v106.001.201809010718.tif

T b
Sensor Data acquisition ABoVE Production
time Tile ID Date

Version

ABOVE "B’ grid tiles

012 34 5|6 7 8 910111213 1415 16 17|18 19 20 21 22 23|24 25 26 27 28 29|30 3132 33 34 35
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= I g
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kS
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o b S
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= 4
ABOVE Study Domain =
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] Extended Region - e— KT B

s

Each moderate resolution “B” tile
contains 6x6 fine resolution “C”

tiles.

Projection Specifications:
Canada_Albers_Equal_Area_Conic
WKID (EPSG): 102001 Authority: ESRI

Projection: Albers

False_Easting: 0.0

False_Northing: 0.0

Central_Meridian: -96.0

Standard_Parallel_1:50.0

Standard_Parallel_2: 70.0

Latitude_Of_Origin: 40.0

Linear Unit: Meter (1.0) 27 jipl.nasa.gov



Selected Initial science results

WSE (m) WSE (m)

WSE Errors (cm)

AirSWOT heights vs. in-situ data, Tanana River
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AirSWOT heights vs. in-situ data, Willamette River
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