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AqualNFRA & the Galaxy Virtual Research Environment.

System architecture — how Galaxy and SWAT+ communicate.

The Mediterranean Use Case: La Tordera — SWAT+ and Marine Model.

Limitations / Potential applications

Tool documentation & code sharing
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AqualNFRA

A web-based integrated Hydrosphere modelling system for
scientist and decision makers.

A virtual environment equipped with FAIR multi-disciplinary data and services to
support marine and freshwater scientists and stakeholders in restoring healthy

oceans, seas, coastal and inland waters.

Promote interoperability for a

ﬁ H ;H
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i
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DN N seamless Source-to-Sea
—abq, 2 modelling framework. &
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Bridge the gap between freshwater and marine domains.




6CM 555 40 CREAF
NEe0SC AqualNFRA

AquaGalaxy Virtual Research Environment

Requirements:
ACCESS
v Free and open online platform,
v Access to AqualNFRA data, tools, and services.

v Integration with European Open Science Cloud EOSC.

T
EXECUTION / REPRODUCIBILITY S a a

v Reproducible tools for processing and analysis. E U R O I:) E

v" Visual canvas to build, modify and share workflows.

OUTPUT REUSE
v" Publish tools/ services in a reproductible format

v RGUSG blllty Of tOOIS- Konkol M. 2024. The AqualNFRA Virtual Research Environment : Design rationale for using the Galaxy
platform. 52north Blog. Available at : https://blog.52north.org/2024/07/25/the-aquainfra-virtual-
research-environment-design-rationale-for-using-the-galaxy-platform 3/22
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AquadlNFRA -Use Cases

North Sea region
uoiSal eas onjeq

Mediterranean region
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Mediterranean Use Case: la Tordera

Tordera catchment (865 km2) and its
neighbouring coastal zone

are located on the central
Catalancoast in the NW
Mediterranean.
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Mediterranean Use Case la Tordera

High variability of river flow: drought and The land sea interactions at the Tordera
wet periods river mouth
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Mediterranean Use Case la Tordera

Physical models interlaced for a Source-to-sea modelling framework
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SWAT implementation to VRE

SWAT » System architecture

Soil & Water S
Assessment Tool  Tools description input and output.

= Galaxy

EUROPE
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System architecture

GitHUDb, Zenodo, Google

TxtinOut.zip URL

\_

Galaxy server

SWA

executable

[&] —

R script based on

SWATrunR
|

theards_1.sqlite

inputs.sqlite RESULTS
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System architecture

1. User initiate the
communication on
Galaxy by using SWAT
tool.

GitHUDb, Zenodo, Google

SWAT tool

\_

TxtinOut.zip URL
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R script based on

SWATrunR

SWA

executable
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System architecture

SWAT tool

GitHUDb, Zenodo, Google

TxtinOut.zip URL

\_

2. Galaxy sends

:lnesg'i:grt\cies ﬂ CREAF
del Mar

request for
processing (via

HTTP) -

R script based on

SWATrunR

SWA

executable
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System architecture

GitHUDb, Zenodo, Google

Galaxy server

SWAT tool

\ TxtinOut.zip URL

et 4 CREAF

3. Pygeoapi
downloads TxtInOut
specified by user

R script based on

SWATrunR

SWA

executable

4. Retrieval of the
correct executable




CNEe0SC | AqualNFRA

System architecture

GitHUDb, Zenodo, Google

TxtinOut.zip URL

\_
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Galaxy server

[l e

7. User
receive link
to results

6. Galaxy receive

link to results
N /

R script based on

SWATrunR

theards_1.sqlite

inputs.sqglite

SWAT

executable

4. Retrieval of the
correct executable

5. Pygeoapi performs the
analysis and store the results

RESULTS
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System architecture

GitHUDb, Zenodo, Google

TxtinOut.zip URL

\_

SWAT

executable

[e] - —

R script based on 4. Retrieval of the

SWATrunR correct executable
l

\ / 5. Pygeoapi performs the
analysis and store the results

theards_1.sqlite

i ts.sqlit
8. User downloads results UWEEEEIE S RESULTS
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System architecture

Galaxy server
1. User initiate the

communication on
Galaxy by using SWAT

tool.
- 7. User
.
receive link

to results \
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GitHUDb, Zenodo, Google
Drive,...

3. Pygeoapi
downloads TxtInOut
specified by user

TxtinOut.zip URL

\_

2. Galaxy sends

request for
processing (via
HTTP)

ﬁ

R script based on

SWATrunR
|

6. Galaxy receive
link to results

theards_1.sqlite

8. User downloads results

inputs.sqlite

SWAT

executable

4. Retrieval of the
correct executable

5. Pygeoapi performs the
analysis and store the results

RESULTS
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Galaxy canvas - WORKFLOW

X T Galaxy x SR — m] X

® O |= Galsxy
< C

] https://aqua.usegalaxy.eu/workflows/edit?id=8990b2a8178fce7b AN 7

= Galaxy Aqua

P Atributos Workflow constructed from history 'Amanda's Tordera’ € > @
Attributes
Name o
= Workflow constructed from history "Ama M q rl n e
o Bt Modelli
ersion —
T o K Extract thread_1 file O e I ng
P 1: May 11th 2825, 5 steps s D tprojectxt O x > A 3Toderia @O % F 5 D x >
Tools : (4] output (input) Gloria: SWAT+, Soil and Water AquaINFRA OGC API Syste m
Annotation — Assessment Tool Processes
" 'k'ﬂ' URL to project folder £ SWAT+ Variable Outputs
- ) f—/ ) O @ out_filel (input) Database
Th tes will be visible when this 02 18] Perameter ineuts
ese no — :
= i — O @ output_data (txt)
Report workflow is viewed. o param_cali.txt O @ output_data (txt)
7 License output (input)
’ Apache License 2.8 -
Best
Practices Apache License 2.0 [
;3 Creator E]
Add a new creator - either a person or an
Changes
organization.
. Tags
Run AquaINFRA X
SWAT :
! Apply tags to make it easy to search for -
Notifications and find items with the same tag. Co nve rs I o n SWA +
Inland Model to Marine
Modelling Syst
a g oy
Save + Exit = YLsed
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Galaxy implementation - Tool 1. SWAT

SWAT version:
swatplus or swat2012

TextinOut URL
URL to TxtinOut.zip

AqualNFRA _CaseUse_MedInlandModel / example_ inputs / par_caljson (3

Parameter input MarkusKonk add example input data
URL to JSON file with calibration parameters.
. . Code Blame
Output Spatial Unit
Watershed element ID to extract results. 1 {
2 "cn2.hru | change=absval": -15.238,
- 3 "esco.hru | change=absval": ©.805,
SWAT OUtpUt flle . 4 "canmx.hru | change=absval™: 81.537,
OUtpUt Category’ and tlmeStep' 5 "perco.hru | change=absval": 0.892,
SWAT + :ChanneI—Sd—day 6 "en3_swf.hru | change=absval": @.819,
SWAT 2012 : I'Ch_d 7 "awc.sol | change=absval": -2.853,
8 "k.sol | change=absval"™: -©.342
9 }

v 11/22
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Galaxy implementation - Tool 1. SWAT

- 3: Toderia Gloria: SWAT+, Soil and Water Assessment Tool 2> % x
SWAT variable e &l

Variable of interest. s SwaT varianie
(eX . fl O_O u t , Wate r_te m p ) flo_outwater_temp

Variable to simulate, Example: flo_out. For more details and extended capabilities, refer to the SWAT+ OUTPUT FILES section in the SWAT+ decumentation (https:/swatplus.gitbook.io/io-docs).

Start date

Start date of the simulation in the format yyyymmdd. Defaults to: 28168181. Earliest possible date for the default input project: 20088181,
Model start date (ex. 20000101) B start e for prnting
28160115

Start date for printing in the format yyyymmdd. Defaults to: 28198601, Earliest possible date for the default input project: 20028181, It is recommended to allow for at least two warm-up years

E n d d q te between the model simulation start and the model output printing to ensure relevant results.

[<] ++ End Date - oeticnzl

Model end date (ex: 20201231) zoreos

End date of the simulation in the format yyyymmdd. Defaults to: 28281231. Latest possible date for the default input project: 28221231,

S ki p yeq r Additional Options

Email notification
® ) No

Num. of years to skip printing. (ex: 2) Aot i e ks ot

Output cleanup

@ ) No
Upon completion of this step, delete unchecked outputs from completed workflow steps if they are no longer required as inputs.

Configure Output: "output_data’ w
Help

12/22
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Galaxy implementation - Tool 1. SWAT
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% CREAF

Inputs.sqlite File format: Database

Content: Model

X

execution metadata

»

g SQLiteStudio (3.4.4) - [parameter_definition (inputs)] — O
7| Database Structure View Tools Help
8 BE EBE UBARHEORE £ BEDSS
Databases E ¥ | Structure Data Constraints Indexes Triggers DDL
Filter by name Grid view  Form view
v 5 imputs catie B O-B86C0:00 & XXa
v 7l Tables (5)
> || output_definition par_name parameter file_name change full_name
> parameter_definition 1 ¢cn2 cn2 hru absval cn2.hru | change=absval
> [ parameter values 2 esco esco hru absval esco.hru | change=absval
> [ simulation_log 3 canmx canmx hru absval canmx.hru | change=absval
E?EQ B simulation_period 4 perco perco hru absval perco.hru | change=absval
oF Views
5 cn3_swf  cn3_swf hru absval cn3_swf.hru | change=absval
6 awc awc sol absval awc.sol | change=absval
7 k k sol absval k.sol | change=absval
Status
O [202747) \Users\a.batlle\OneDrive -
77 CREAF\Documentos\local_AqualNFRA\SWATrunR_model\Tordera._...
has been temporarily added to the list under name: inputs

|| parameter_definition (inputs)

| parameter_values (inputs)

|/ simulation_log (inputs)

| simulation_period (inputs)

SWAT user can replicate model locally

thread_1.sqlite

File format: Database

Content: Model output results

22 SQLiteStudio (3.4.4) - [run_1_1.1 (thread_1)]

| Database Structure View Tools
OB E BEE U
Databases E x

Filter by name
thread_1 (SQLite 3)
|} Tables (1)

7]

v

3
v

[EE Views

— [m] X
Help
= bl @ R B L BDEF

Structure Data Constraints Indexes Triggers DDL

Grid view Form view

B O6-E0E B 868 & X K »

date flo_out water_temp

1 18262  0.00002017 9.95

2 18263  0.00000876 9.913

3 18264 0.000003662 9.95

4 18265 0.000001556 11.04

5 18266 0.0000007081 11.07

6 18267 0.0000003667 9.95

7 18268 0.0000002694 11.11

8 18269 0.0000001896 11.6

9 18270 0.0000001551 104

10 18271 0.6783 9.913

11 18272 0.4248 10.25

12 18273 0.1814 9.837
Status E X

\Users\a‘b.atlle\OneDrive -
o [20:30:59] CREAR\Documentos\local_AqualNFRA\SWATrunR_model\... |
has been temporarily added to the list under name:

thvand 1

|""|run_1_1.1 (thread_1)

Modelling

System

Tool 2. Conversion SWAT+ to Marine
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AquaGalaxy implementation - Tool 2. Conversion SWAT+ to MiTgem

Input: sqlite file

# sQliteStudio (3.4.4) - [run_1_1.1 (thread_1)] = O X

| Database Structure

M R E

View Tools

B O

Help

Il @M L EDE S

Databases

F X

Filter by name

v & thread_1 (SQlite3)
v [k Tables (1)

> i runl 11

B Views

Structure Data Constraints Indexes Triggers DDL

Grid view Form view

B -0 C:688 & X &~

-

date flo_out water_temp
1 18262  0.00002017 9.95
2 18263  0.00000876 9.913
3 18264 0.000003662 9.95
4 18265 0.000001556 11.04
5 18266 0.0000007081 11.07
[ 18267 0.0000003667 9.95
7 18268 0.0000002694 11.11
8 18269 0.0000001896 11.6
9 18270 0.0000001551 104
10 18271 0.6783 9.913
11 18272 0.4248 10.25
12 18273 0.1814 9.837
‘ Status 5 X

\Users\ab-atlle\OneDrive -
o [20:30:59] CREAF\Documentos\local_AqualNFRA\SWATrunR_model\... I

has been temporarily added to the list under name:
dlavanad 1

run_1 1.1 (thread 1)

Date formatting.

Data frame re-
structuring

File format
conversion

Institut
de Ciéncies
del Mar

Output: txt file

! MITGCMinput_RiverWaterQuantity X +

Archivo Editar Ver

20130101-12:00:00 0 10.3636363636364
20130102-12:00:00 0 10.3896103896104
20130103-12:00:00 0 10.4155844155844
20130104-12:00:00 0 10.4415584415584
20130105-12:00:00 0 10.4675324675325
20130106-12:00:00 0 10.4935064935065
20130107-12:00:00 0 10.5194805194805
20130108-12:00:00 0 10.5454545454545
20130109-12:00:00 0 10.5714285714286
20130110-12:00:00 0.005527 10.5974025974026
20130111-12:00:00 0 10.6233766233766
20130112-12:00:00 0 10.6493506493506
20130113-12:00:00 0 10.6753246753247
20130114-12:00:00 0 10.7012987012987
20130115-12:00:00 0 10.7272727272727
20130116-12:00:00 0 10.7532467532468
[

20130117-12:00:00

.006483 10.7792207792208

Daily Water Quality data at
La Tordera river mouth:

Flow out (m?3/s)

Water temperature (°C)

7 CREAF
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DSOLMap

Copernicus
DEM
GLO-30

LA TORDERA BASIN

La Tordera
TxtinOut
SWAT+

Configuration

La Tordera
TxtInOut
SWAT+

\

SWAT+ LULCC
Tool

a Tordera
TxtinOut
UPDATED

River Flow Out

parameters
\ 4
SWAT+ Tool SWAT+ Tool
Water temperature Water temperature

River Flow Out

v

SWAT+ to Marine
Modelling System
conversion tool

v

SWAT+ to Marine
Modelling System
conversion tool

% CREAF

INLAND MODEL

logical data
AEMET &
SMC

LULC Change Scenario

HRU
LULC
CHANGE
CsV file

Configuration
parameters

Water temperature
River Flow Out

Institut
de Ciéncies
del Mar

% CREAF

Source-to-Sea Modelling Workflow

Copernicus and EMODnet downloading tool

Additional
River data
limatolog)

Bathymetry
files

Marine
data files

AqualNFRA Marine Modelling System

}

3D FILES
Temperature, Salinity, and Currents for the simulation
period

v

Plotting tool

!

FORMATED

MAPS
Temperature, Salinity, and Currents for depth and time

MARINE MODEL

Configuration

Configuration
parameters

Institut
de Ciéncies
del Mar
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Reusabilty and Scalability test.
Vantaanjoki river (Gulf of Finland) SWAT 2012

20‘2’0"5 25'({'0'6 30°Ci'0"E
70°00N{ 0 150 300 km N L

L | J N A
o [
\‘/\f
/

/
/
/
/
/
/
4
A

\HFINLAND ,’, Land Use
65°0'0"N=- 5 ,/ ! Urban [
2 ” Agricultural [__]
/'5 Forest
Piniewski M, Marcinkowski P, Koskiaho J, Tattari S. AT Wetlend
2019. The effect of sampling frequency and F‘é?:‘;fg’g;“' /
strategy on water quality modelling driven by high- /?/
frequency monitoring data in a boreal catchment. / Helsinki 4
Journal of Hydrology 979, 124180. 7 / re j Reisate
https://doi.org/10.1016/.jhydrol.2019.124186 —— "3-3; i R, . . ...00\1
" Gulf of Finland i T Ouimlkyls
20°00°E 25°00"E 30°00°E cla 1? z? 3? km

Fig. 2. Location of the Vantaanjoki river basin and the Pitkdkoski monitoring station. 16 /22
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Cloud computing limitations oM

Home > Explore data > Data collections > Copernicus Conlributing Missions

Copernicus DEM -
Global and European
Digital Elevation Model

Digital Surface Model (DSM) provided in 3 different resolutions
(90m, 30m, 10m) with varying geographical extent (EEA: European
and GLO: global) and varying format (INSPIRE, DGED, DTED).

o Land
Opel’ﬂlCUS ¥ Monitoring Service

TEeRR e T 0 « Complete Cloud Computing workflow
Home > CLMSportfolio » CORINE Land Cover 3 o |im itqtions.
CORINE Land Cover ’ Y L . QPI access to DEM, LULC, soil type, and Meteorological
| e ata.

«  Watershed delineation
« Sensitivity analysis
 Cadlibration

* EXxpert decision is taken in several steps of the
process.

CATENA

Wolume 231, October 2023, 107339

DSOLMap, a novel high-resolution global
digital soil property map for the
SWAT+model: Development and
hydrological evaluation

» Estimation of computing time.

Adridn Lépez-Ballesteros © & &, Anders Nielsen & | Gerardo Castellanos-Osorio &,

Dennis Trolle ® &, Javier Senent-Aparicio ° & 1 7/22
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Replicate published results No installation. No dependencies.
and share workflows in a A powerful communication and
FAIR-compliant way. learning platform.

Modellers &

decision-makers

Educational
applications

No software

a

No dependencies

| e No local setup

¥
@ Enable multi-model workflows.
R g
SWAT MITgem

Tordera
\ * } %
4 =
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Cloud computing Benfits

Cf:\) i Assemble different tools ({\:1}

7 g ~r sequentially to build your workflow
y b

- &

just like assembling a puzzle

. S .
- i

SWAT RS-

) Institute of
Soil & Water r::nn';m:y

Assessment Tool
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Process documentation

Workflow

Data

Toolbox

0CH ... B CREAF
| |

de
del Mar

(980)

\ -

D

B2SHARE E U DAT

Data 2 Knowledge
Package

All the information a user needs to
run the tools.

Complete metadata for Data
sets, Tools and Workflow required
for replicability

20/22
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Process documentation

TxtInOut URL

EUDAT

2. Pygeoapi
downloads TxtInOut

) specified by user

Docker image on GitHub 0 N

1. Communicate directly
http -CURL.

5. User downloads results

R script based on

SWATrunR

SWA

executable

3. Retrieval of the
correct executable

4. Pygeoapi performs the

analysis and store the results
theards_1.sqlite

inputs.sqlite RESULTS
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Conclusions

* Implement SWAT model execution inside VRE is possible.

* Multiple benefits:
« Communication tool between modellers and beginner users.
» Open Science and FAIR principles.

e Build multi-model frameworks.
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Thank you,
a.batlle@creaf.uab.cat

https://aquainfra.eu/

Institut EXCELENCIA
de Ciéncies SEVERO

e
del Mar » OCHOA

This study was carried out within the AqualNFRA project and received funding from the
European Commission’s Horizon Europe Research and Innovation programme under grant
agreement No 101094434.
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