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The Riverplume Workflow - A tool to investigate the impact of riverine
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The Idea Behind the Riverplume Workflow

, such as floods and droughts, have an impact beyond the river bed. The change in
river discharge and concentration of nutrients and pollutants in freshwater also , esp.
their biogeochemistry. Examining these impacts has been traditionally difficult, as one needs to first

. The River Plume Workflow was
developed to support researchers with these tasks and enable them to identify regions of interest, as well as
provide tools to conduct a preliminary analysis of the riverine extreme events’ impacts on the coastal waters.

Data from a FerryBox, an autonomous measuring device installed
on a commercial ferry, provide regular coverage of the German Bight, the region for which we developed this
toolbox. Combined with , it is possible to detect anomalies in the observational data
and to comprehend their propagation and origin.

An instance of the Riverplume Workflow is hosted by Helmholtz-Zentrum Hereon and will soon be publicly
available. It is also possible to install the tool locally. The workflow was designed to be easily modified to
investigate other regions and types of anomalies, so other applications are possible.
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The Scientific Workflow

A prototype of the Riverplume Workflow was

developed in the Digital Earth project as part of the

Flood Event Explorer.

DIGITAL

Learn more about

The flowchart on the right explains the steps and data
necessary to find a river plume and follow it on its way

through the sea.
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River Plume Workflow

Ferrybox - Trajectories

= sensors: Salinity, Temperature,
CDOM, Chlorophyll, DO, DOSat

= ds: Point measurements along the
Biisum-Helgoland trajectory

= dt: daily, April-October
= source: Cosyna Portal via OpenDAP

Synopsis — Model data

= parameters: 1D, traveltime,

position

= ds: n.a. (not gridded),

= dt: hourly

= source: Cosyna Portal via
OpenDAP

Detect
the Elbe river plume in the
German Bight

Verify

the anomaly’s origin via model
trajectories and statistical
analysis
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Statistical characterization
of the river plume
-= compare flood events

Map the flood event’s
temporal and spatial
extent

Properties

How do floo

the marine

Satellite - Data

= parameters: Chlorophyll

= ds: 1km x 1km grid

= dt: daily averages,Level-4
product

= source: E.U. Copernicus
Marine Service Information

\

the anomaly across the North
Sea and match its trajectory wy/
additional datasets

Investigate
the flood's impacts through
additional data

v

Consequences of
increased nutrient
influx

Enable monitoring of
flood-event’s impacts
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Features of the Riverplume Workflow
Overview

Automatic Data Processing

Interactive Map

Anomaly Detection

Composition Analysis

Timeseries Generation
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Features of the Riverplume Workflow
Automatic Data Processing

» FerryBox data:
automatically downloaded,

pre-processed & product
uploaded (crontab &
4 python scripts)
PELETS/2D: PELETS/2D:

Simulate —> generate | » Daily updates
trajectories synopsis plots
; obs & model « Plan: automatize model
data data production as well
(Server)

* Upload it to a Hereon
( \ server to be accessed by
proser;ing obs_[year].ncj the Riverplume Workflow
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Features of the Riverplume Workflow
Interactive Map
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The interactive map offers various visualization options, as well as options to add user-defined layers.
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Features of the Riverplume Workflow

Anomaly Detection

MANUALLY identify anomalies through the interactive
map or identify candidates with the AUTOMATIC
anomaly detection feature.

Automatic Anomaly Detection
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Daily chlorophyll measurements for in-situ FerryBox (left) and satellite
data (right). The continuous line represents the GAUSSIAN
REGRESSION generated distribution from a whole year of data, while
the shaded grey band is the confidence region. The red circles indicate
detected anomalies.

The results of the automatic anomaly detection are presented in the
Riverplume Workflow as shown on the left.

The graphic shows the year, parameter, measurement device (FerryBox
or Satellite measurements), and the dates of the month with anomalies.
The brighter the date is marked, the more anomalous is the measurement
of that day compared to the data of that year.

HOME | mp

Back to

FEATURES



Features of the Riverplume Workflow
Composition Analysis

Compare water composition inside and
ANOMALY DETECTION outside a region of interest (ROIl). The ROI

: can be selected inside the Workflow's
interactive map from the available FerryBox
data.

Parameter Ratio in % [2013-06-23] EXPORT

See results as bar chart and table (left).
The bar chart shows the deviation of values
inside the ROI from the outside in percent,
separately for each parameter. The table
gives more details on minimum, maximum,
average and standard deviation in the two
groups.

The results can be exported in csv
format, including the definition of the ROI
that was used for the analysis .

Salinity
avg. std. dev.

13.2456 17.4916 15.052 1.1912
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Features of the Riverplume Workflow

Timeseries Generation

X

Trajectory Timeseries of 6310

CHL

thetao [] so
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Generate Timeseries by
matching satellite data with
model trajectories of water
bodies.

Available parameters: Chl-a,
oxygen and salinity.

Select a FerryBox
measurement/ matching
model trajectory for time
series generation in the
interactive map.

Investigate processes in the
river plume along its way
through the German Bight.




Overview of Data Sources

The Riverplume Workflow uses three types of data:

© DKRZ/Hereon S reon/ ESA/SentineI-3 .

FerryBox Measurements Model Trajectories Satellite Data

The data processing and uploading is in part automatized: Automatic Data Processing
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Data Sources:
FerryBox Measurements

Observational data originating from an autonomous measuring device
called FerryBox on the Buisum-Helgoland ferry “Funny Girl”

Season: daily from April to October since 2008
(Data from 2013 to today is available through the Riverplume Workflow)

Automatic preprocessing. automatic download through the Helmholtz
Coastal Datacenter Datasearch API, daily updates, implemented in

python

Parameters:
Chl-a, Salinity, DO, pH, SST, (CDOM)
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Data Sources:
Model Trajectories

Model trajectories resp. synopsis plots are used to
iInvestigate the origin of an anomaly and to estimate the
spatio-temporal extent of the river plume.

They are simulated trajectories of particles starting on the
FerryBox transect at the time of the original observation and
modelled backwards and forwards in time for up to 10 days
that are generated with the PELETS/2D program.
Automatic preprocessing is under development; currently © DKRZJHereon A
model trajectories are only available for the Elbe flood event

form 2013.
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Data Sources:
Satellite Data

We use satellite data from the Copernicus Monitoring Environment
Marine Service (CMEMS) in our functions to detect anomalies and
to generate time series along the model trajectories.

Datasets:
« CMEMS North Atlantic Chlorophyll (Copernicus-GlobColour)

from Satellite Observations: Daily Interpolated (Reprocessed
from 1997)

« CMEMS Atlantic-European North West Shelf-Ocean Physics
Reanalysis.

Satellite datasets have to be downloaded manually from the
CMEMS website; currently satellite data is only available for the
Elbe flood of 2013 through the Riverplume Workflow.
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Open Science & Collaboration

Developed in the Digital Earth project, the Riverplume
Workflow adheres to the Open Source and FAIR
principles.

We put emphasis on:

Learn more about

Modular code structure for reusability

Open Source licensing

All code is (or will be soon) publicly available
Documentation and other related publications are
also Open Source

Use of DOlIs for improved findability

The Riverplume Workflow | EGU General Assembly 2023 «

The Riverplume Workflow uses the Distributed Analysis
Software Framework (DASF), another outcome of the Digital
Earth project. It allows to combine analyses on distributed
data sets to workflows, so that computationally expensive
computations can happen close to where the data is hosted.

This way, DASF supports collaborations among scientists and
enables a more holistic view of floods (or other subject
matters).

Learn more about DASF
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oiciTaL = The Digital Earth Flood Event Explorer

EADTLE

Explore riverine extreme events from generation to impact

, 1 he objective of Digital Earth is to
improve the working environment for
integrated data-driven science that allows
comprehensive exploration and analysis
of existing data across disciplines. In
Digital Earth, we test and demonstrate
how integrated data-driven science has to
be implemented in the future, what
innovative results it can produce and how
multidisciplinary collaboration can be
successfully implemented. ©

More on the Flood Event Explorer: From the Digital Earth Website:
https://digitalearth-hqgf.de/results/workflows/flood-event-explorer/  digitalearth-hqgf.de/
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Distributed Analysis Software Framework

Distributed Deployment of the River Plume Workflow Modules and Components

Web Frontend

Web-based frontend, providing
access to the workflows user

interface and data
visualization components

Message Broker

Central Message Broker
Instance based on

Apache Pulsar Q

COSYNA Data Portal

i FerryBox Transects

Synopsis Model Data é

River Plume Backend Module

Raster Processing Module

Backend Module providing

general purpose raster
processing methods |
P

Backend Module providing

workflow specific

computational @

methods ‘e,
Hereon

EU Copernicus
Marine Service

Satellite Data

=

External
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“The Data Analytics Software Framework DASF supports
scientists to conduct data analysis in distributed IT
infrastructures by sharing data analysis tools and data. For this
purpose, DASF defines a remote procedure call (RPC)
messaging protocol that uses a central message broker
instance. Scientists can augment their tools and data with this
protocol to share them with others or re-use them in different
contexts.”

(from the DASF documentation)

Eggert, Daniel; Dransch, Doris (2021): DASF: A data analytics
software framework for distributed environments. GFZ Data
Services. https://doi.org/10.5880/GFZ.1.4.2021.004

Due to the end of the Digital Earth project, Helmholtz-Zentrum
Hereon took over hosting the complete Riverplume Workflow,
but the potential to incorporate distributed analyses is still

there.
@ hereon
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Overview of Resources

E-Book

Tutorial Video
SOWE PROBLEMS +  CREATE PROBLENMS
—e .- *— *—
- TooLS THAT ~ TOOLS THAT  TOOLS THAT NEED  TOOLS WHOSE MANUAL
Code Repositories DOoNTNEED  NEED A A MANVAL BUT STARTS WITH "HOW T
AMANUAL  MANUAL  DONT HAVE ONE READ THIS MANVAL

https://xkcd.com/1343
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Tutorial Video

DIGITANL 224
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Anomaly D ction Workflow

River Plume

January 2021
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https://www.youtube.com/watch?v=yl8ngubBxYY
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Documentation (in preparation)

<« (&7

n welcome to the Dacumen -

O Ffile:///home/wichert/Code/deployment_fee_hcdc/Fee-river-plume-workflow/docs/_build/html/index.html < &)

D File:///home/wichert/Code/deployment_fee_hcdc/Fee-river-plume-workFlow/docs/_build/html/index.html

# fee-river-plume-workflow

# fee-river-plume-workflow
#  Welcome to the Documention of the Riverplume Workflow!

View page source

Contents

= Installation

Welcome to the Documention of the Riverplume
Workflow!

building the frontend
Deployment (locally)
User Manual Configuration
Python API Reference al s

n API Refe

* User Manual

Introduction

Getting started

How-to
Implementation
Methods
Contributions
References

= Python API Reference

fee_riverplume_workflow package

License

Fig. 1 Screenshot of the Riverplume Workflow

Lic nder the Apache License 2 "License");
you may not us ese Tiles exce| the License
Yo obtair py of the Lice
This documentation is work in progress! http://www.apache.org/licenses
applicable law or agr ware
the License is distributec BASIS,
OR CONDITIONS OF ANY KI or implied.
About r the specific language ing missions and
the License
fee-river-plume-workflow is part of the Flood Event Explorer (FEE), developed at the GFZ German
Research Centre for Geosciences in close collaboration with Helmholtz-Zentrum Hereon. It is
funded by the Initiative and Networking Fund of the Helmholtz Association through the Digital Contacts
Earth project.

Dr. Viktoria Wichert

" " " . . eMail: viktoria.wichert@hereon.de
The focus of the River Plume Workflow is the impact of riverine flood events on the marine -

environment. At the end of a flood event chain, an unusual amount of nutrients and pollutants is
washed into the North Sea, which can have consequences, such as increased algae blooms. The

workflow aims to enable users to detect a river plume in the North Sea and to determine its spatio-
temporal extent.

Helmholtz-Zentrum Hereon
Institut fiir Kohlenstoff-Kreislaufe
Max-Planck-StraZe 1

21502 Geesthacht

Germany

Documentation is generated with Sphinx & Markdown and will be publicly available soon.
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DOls & Code Repositories

Module Repository DOI

The River Plume Workflow fee-river-plume-workflow  https://doi.org/10.5880/GFZ.

(Frontend) 1.4.2022.006
Synopsis Backend Module  de-synopsis-backend- (in preparation)
module
DASF: Distributed Analysis  digital-earth/dasf/ https://doi.org/10.5880/GFZ.
Software Framework 1.4.2021.004
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https://git.geomar.de/digital-earth/flood-event-explorer/fee-river-plume-workflow
https://doi.org/10.5880/GFZ.1.4.2022.006
https://git.geomar.de/digital-earth/de-synopsis-backend-module
https://git.geomar.de/digital-earth/dasf/
https://doi.org/10.5880/GFZ.1.4.2021.004

E-Book

SpringerBriefs in Earth System Sciences
Laurens M. Bouwer - Doris Dransch - Roland Ruhnke -

Diana Rechid - Stephan Frickenhaus - Jens Greinert

Editors

Integrating Data Science
and Earth Science
Challenges and Solutions

HELMHOLTZ
&) Springer

The Riverplume Workflow | EGU General Assembly 2023
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Link to Springer homepage:

Learn more about the Riverplume Workflow, the Digital Earth project
and the concept of Scientific Workflows.

Bouwer, L. M., Dransch, D., Ruhnke, R., Rechid, D., Frickenhaus, S., &
Greinert, J. (2022).

Integrating data science and earth science: Challenges and solutions
(L. M. Bouwer, D. Dransch, R. Ruhnke, D. Rechid, S. Frickenhaus, & J.
Greinert, Eds.). Springer Nature.

https://doi.org/10.1007/978-3-030-99546-1
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