


Background — The Alberta River Forecast
Centre

« Based in Edmonton, Alberta, Canada
« 9O full ime river forecasters, including 3 dedicated river ice
specialists
— That’s us!

« 24/7 operations year round
— Maintaining situational awareness of Alberta’s Rivers and weather conditions

— Anticipating flood events
— Communicating river conditions




River ice can cause a humber of Issues
for communities and infrastructure
operators, but the most significant of
these are ICE JAMS



lce Jam

Hydrometric gauge:
Peace River at Peace Point

 An accumulation of ice May 3, 2020

at a given location
which, in a river,
restricts the flow of
water (IAHR 1980).

* In Alberta, ice jams can
cause severe flooding
by rapidly increasing
water levels







Challenges for ice forecasting in Alberta

* Alberta has a large and varied geographical area

— Regulated/unregulated rivers, steep rivers/flat rivers, rivers that
freeze in November/rivers that remain open all year

— Ice jams and other ice issues may occur throughout the ice
season

* |ce jam impacts are localized

— But they can travel hundreds of kilometers

— Alberta’s robust river gauging network is not always sufficient
* Seeing Is believing

— Anice jam’s length, location, and the history of the ice are all
Important factors in assessing the risk to communities A’(b@rbﬁl




Remote sensing: an important tool

« Satellite images can provide observations where:

— Gauge data may not be available or fully trustworthy
— Aircraft observations may be impractical
— Ground access is impossible

« Sentinel 1
— European Space Agency RADAR band satellite images (free)

« Sentinel 2
— European Space Agency visual band band satellite images (free)

 RADARSAT Constellation

— New set of Canadian satellites




What does an ice forecaster want to know

IS ice present?

Is the ice moving or stationary?
— Is there an ice jam that may move into a populated area?

When did the ice form?

Is the ice surface rough or smooth?

|s the ice thick or thin?

Is the ice covered with snow or water?




racking ice jams from upstream gives

orewarning to communities

Athabasca River
April 24-25, 2020
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2018-11-27, Sentinel-2A L1C, True color
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2018-11-27, Sentinel-1 AWS (S1-AWS-IW-VVVH), VV - decibel gamma0 - orthorectified

smooth ice
e e ..consolidated ice " ‘

W open water

Cre(it Eurépean Union, contains modiﬁedeopemiqxs Sentinel data 2019, prdcessed with EO Browser Gpem:(:u:; e SENTINEL iHub.
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Theétory»ofw the ice formed can have future impacts

Freeze-up ice jam (consolidation)
on the Peace River, January 2018
Photo Credit: BC Hydro
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Ice jam at breakup on the
Peace River, January 2018
Photo Credit: BC Hydro




In order to provide accurate, advance
warning for ice jams:

We want to know as MUCH as
possible, as QUICKLY as possible,
across as WIDE an area as possible

17 A(b@rbam
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How can FEWS help us answer these
guestions?

IS ice present? Is there an ice jam In place that may threaten populated

areas?
— FEWS can ingest large guantities remote sensing data and display spatial data

Is the ice moving or stationary? When did the ice form?

— Display spatial data from remote sensing as a time series, and integrate different remote
sensing data sources

Is the ice surface rough or smooth? Is the ice thick or thin? Is the ice

covered with snow or water?

— These are the emergent questions for us
— FEWS ability to integrate processing scripts and open source nature could help us answer them
— Work is underway now by FEWS users to find new ways to analyze remote sensing data

Mperton
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Operational considerations

Large volumes of data
— limage ~ 1-2 GB

Download from external servers

Processing of raw satellite imagery to common data format
— E.g. NetCDF




Operational considerations

* Three steps:

1. Download of imagery using stand alone Python
module

2. Processing of data using SNAP (Sentinel
Application Platform)

3. Import and visualize data in Delft-FEWS Processing
(SNAP)

Download
(python)

Using freely available software

Import
(Delft-FEWS)



Step 1: Download

« Executable in Python, which downloads Sentinel 1 and 2
data for certain bounding box and time window from Download

Copernicus Open access Hub (python)
 Scheduled daily to download latest imagery

A get_sentinel exe  6.967.497 15-06-2020 09:46 -a--

get_sentinel py 9.881 15-06-2020 09:46 -a--
& <exportRunFileActivity>
<exportFile=%WORK_DIR%\get_sentinel1.xml</exportFile=
o <properties:

=string key="destinationDir" value="5IMPORT_FOLDERS'Sentinel-1\raw"/>
<string key="user" value="3USERMAME_COFPERMICUSE"/>

<string key="secret" value="3PW _COPERMNICUSS"/=

=string key="mission" value="Sentinel-1"/>

=string key="unzip” value="False"/=

<string key="download_type" value="5DOWNLOAD TYFESF"/=>
</properties=

<lexportRunFileActivity=

<lexportActivities =

- Currently working on similar scripts to download RCM data
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Step 2: Processing

Processing of raw satellite image and export as NetCDF
Done using XML templates read by the SNAP Graph Download
Processing Tool (gpt) (python)

SNAP launched by General Adapter

Processing

4 graph
= id Graph
£} version 1.0 (SNAP)
- node (2]
= id {} operator £} sources {3} parameters
1 |Read Read > parameters class=com.bc.ceres.binding.dom. XpplomElement
2 |Apphy-Orbit-File Apphe-Orbit-File > sources| ¥ parameters clazs=com.bc.ceres. binding.dom. XpplomElement
3 |ThermalNoiseRemoval ThermalMoiseRemoval » sources| » parameters clazz=com.bc.ceres binding. dom.XpplomElemeant
4 |Calibration Calibration > zources| ¥ parameters clazs=com.bc.ceres binding dom XpplomElemant
5 Terrain-Correction Terrain-Correction > zourcez ¥ parameters clazz=com.bc.ceres binding. dom XpplomElement
6 Subset Subset > sourcez ¥ parameters clazz=com.bc.ceres binding. dom XpplomElement
T |LinearToFromdB LinearTeFromdB > sources| ¥ parameters class=com.bc.ceres. binding.dom.XpplomElemsnt
1 8 Write Write = sources: ¥ parameters clazz=com.bc.ceres. binding.dom XppDomElement




Step 3: Import

General NetCDF import module to import processed images

Clipped into smaller images around river extend to reduce Download
import time (python)

Processing
(SNAP)

Import
(Delft-FEWS)



Step 3: Import

Developed a Natural Color viewer - creates a composite
Image from 3 bands - RGB (each band represents a Downloa
different part of the electromagnetic spectrum) (python)

File Tools Dashboards Options Help

BELHBsr D e cBEEF BTN
g Fo H & & O QR zoomextents Vg | mon-F A-%-B 2-le- | B -
8 4 (X Observations - Wiski N :
& O3 import Wiski Data (X]ECCC Grids. Anme: 20200428 11:29:21 MST 2
o @ Import Last Day wisk | » (XI NOAA Forecast Grids 3
® ImportLast2 Weeks\ | > (X] ECCC Forecast Processed :
= ® Import WISKI (Long T | > (X NOAA Forecast Processed i
H ® Calculate Temperatui | > X ECCC Forecast Processed [CoC]
5 | > [ Reprocess Wiski Data (X1 NOAA Forecast Processed [CoC] =
£ ) ClimportGriddedData | ] Remote Sensing Data 3‘ .
9 |5 CJimport Remote Sensing (X1 Globsnow (ESA) S
© | [JView Processed Wiski Dz (X11ODIS TerraAqua NDSI g
(1 View Weather Forecasts| | [ Sentinel-1 (ESA) i
CJRun Models - Melt Rate v [J Athabasca River :
CJRun Models - Natural Flo # Sentinel-1: Gamma0 Vv i
I Run Models - Weekly Ca v (X Peace River
1 Run Models - With Foreci Gammao Vv
I Run Elbow HMS Model (1| (] Sentinel-2 (ESA)
[ Run Raven Model (CoC) [ Athabasca River
] Exportto WISKI Ll Sentinel-2: Natural Color]
I AEPICOC Model Results : §§ Eglrie;”)
® B4 (Red)

7 Peace River
(X1 Raven Model Results [CoC]

Import
(Delft-FEWS)

1 20200428 11:29:21 MST

Time zero: 2020-05-0..  [JLastValue > ov o oe 2001 W
Forecast length:

S Map | @8 Piots | Modifiers | © Forecaster help documents viewer Spatial Data O X

Logs 2:Forecaster Notes

WCP Project W2002059 Current system time:2020-05-06 04:00 MST 2020-06-12 14:47:08 GMT 2020-06-12 16:47:08 CEST Stand alone 56.723,-111.228 A oowmess 753MB




Earth Observation data in Delft-FEWS

5 Deltt-FEWS - Import of Remate Sensing Data (Stand alone) - . e

Elle Tools Dashboards Qptions Help
CEZIHE #C e mBEE BTN 2
E-Q & Q ¢ QQ zoomentents A o~ A-%-0 L2 8

Sentinel-1. Ganm

5 : Forecasts

i... nr0001

6 - Data Viewer

Q » " KMo e 2008 '2020-04-29114919“81
S.map  KBPios | o @ F nelp viewer | [I] Sentinet O X
2 5 Logs 2:Forecaster Noles
WCP Project W2002059 Cutrent system time:2020-05-06 04:00 MST 2020-05-12 08:00:35 GMT 2020-05-12 10.00:35 CEST Stand alone 56778 ,-111.461 A oomes  g7MB

NANBO 108 ° ¥
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Further applications

 Implement ice detection algorithms
« Water detection (flood mapping, monitoring reservoirs)
*  Monitoring water quality
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Questions?

Martijn Kwant (martijn.kwant@deltares.nl)
Stefan Emmer (Stefan.Emmer@gov.ab.ca)
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