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- A bird's eye view of the OPTAIN
O harmonisation and scripted
workflows

A few snapshots of the results of
applying the developed modelling
workflow in European catchments

Outline
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Harmonisation — OPTAIN’s holy grail

Context: 14 small (~50-200 km?) agricultural
catchments in 12 European countries,
project focusing on NSWRM

Why?
Transparency & reproducibility
Facilitating cross-catchment comparisons

Serving as a benchmark for future SWAT+
applications

& OPTAIN

In OPTAIN harmonisation refers to:

(1) Input data: Using either locally best
available data sources or state-of-the-art
European data

(2) Methods/approaches: guidelines
provided in the ,,modeling protocol”

(3) Tools: SWAT R ecosystem



Modelling protocol for the assessment of NSWRMs in small agricultural

catchments

Protocol: state-of-the-art methodological guidance
on best modelling practice

New tools supporting the modelling process

Introducing the COntiguous object COnnectivity
Approach (COCOA)

Covering: baseline model setup preparation,
model parametrisation (incl. agricultural
management), model evaluation, scenario setup
(climate & NSWRM)

Designed as a guide to 14 OPTAIN case studies, but
beneficial to the wider modelling community

Available at OPTAIN Zenodo repository
bit.ly/optain_zenodo (approaching 1000
downloads ©)

& OPTAIN

SWAT+

S0OIL & WATER ASSESSMENT TOOL

& OPTAIN

SWAT+ modeling protocol for the assessment of water and
nutrient retention measures in small agricultural catchments
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Workflow - overview

INPUT DATA PREPARATION

MODEL SETUP

Prepare all required .csv, .shp, and .tif files. D Setup a ready-to-run model with initial parameter values

HARD CALIBRATION

SOFT CALIBRATION

~

MODEL SETUP VERIFICATION

Based on numerous model
simulations (parameter
variations) fit simulated time
series for streamflow,
sediments, and nutrients to
observed time series.

Based on a few model
simulations (parameter
variations) adjust plant growth
and the overall water balance to
realistic magnitudes.

{

Verify that most important
model inputs (climate,
agricultural management) are
read-in correctly. Check model
behavior and correct the setup
if necessary.

. 4
CLIMATE SCENARIOS

NSWRM SCENARIOS

COMBINED SCENARIOS

Run climate scenarios for 3
RCPs and 6 RCMs assuming
status quo land use.

Run maximum implementation
scenarios for all relevant
NSWRMs under observed
climate.

Run maximum implementation
scenarios for all relevant
NSWRMs under different climate
scenarios.

& OPTAIN



Workflow + tools - overview

SWATprepR

SWAT+ input data preparation

SWATtunR

Tuning SWAT+ model parameters

SWATrunR

Running SWAT simulations in R

INPUT DATA PREPARATION

SWAT R

An object connectivity

SWATfarmR

Simple rule based management
based SWAT+ model builder operation scheduling

MODEL SETUP

Prepare all required .csv, .shp, and .tif files. D

HARD CALIBRATION

Setup a ready-to-run model with initial parameter values

SOFT CALIBRATION

MODEL SETUP VERIFICATION

~7

Based on numerous model
simulations (parameter
variations) fit simulated time
series for streamflow,
sediments, and nutrients to
observed time series.

Based on a few model
simulations (parameter
variations) adjust plant growth
and the overall water balance to
realistic magnitudes.

{

Verify that most important
model inputs (climate,
agricultural management) are
read-in correctly. Check model
behavior and correct the setup
if necessary.

T
CLIMATE SCENARIOS

NSWRM SCENARIOS

COMBINED SCENARIOS

Run climate scenarios for 3
RCPs and 6 RCMs assuming
status quo land use.

Run maximum implementation
scenarios for all relevant
NSWRMs under observed
climate.

Run maximum implementation
scenarios for all relevant

NSWRMs under different climate
scenarios.

R script

SWATmeasR

Implementation of NSWRMs in
SWATbuildR model setups

& OPTAIN

SWATdoctR

Model diagnostics tool
for SWAT+ model setups



Key requirements for SWAT+ model setups in OPTAIN

1. Individual fields as HRUs with their crop rotations and associated management

hru: 6532

lcom com ISt _ [com wwht| _ lcom |
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I Mészaros, J., & Szabd, B. (2022). Script to derive and apply crop
classification based on Sentinel 1 satellite radar images in Google Earth
Engine platform (cropmap). Zenodo. https://doi.org/10.5281/zenodo.6700122

20000 1

_\"‘-ﬂ—nﬂ_\q’_\
e,
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SWATfarmR
Simple rule based management
operation scheduling
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https://doi.org/10.5281/zenodo.6700122

Key requirements for SWAT+ model setups in OPTAIN

2. Allow contiguous routing between all land and water objects

SWAT R

An object connectivity based SWAT+ model builder



Key requirements for SWAT+ model setups in OPTAIN

3. Allow for spatially-explicit representation of selected structural NSWRMs at HRU
level

Potential NSWRM locations
I Grassed waterway

[ Hedge row

[] Riparian buffer

I Retention pond

SWATmeasR

Implementation of NSWRMs in
SWATbuildR model setups
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management schedules for single crops and generic land-use classes (mgt_crops.csv, mgt_generic.csv)

field boundaries l

*parameters required to
be checked/corrected

basin, channels, drain

potential sites for NSWRM tiles, reservoirsflakes/
S Crop Classification l wetlands, and water
@ abstractions
(if availability of data is not sufficient) .
| ; SWATfarmRinput ———
multi-year field-level crop sequences
fully
. . . . parameterised
tile drainage data (if relevant and available) uncalibrated <+
| SWAT+ model
landuse.shp
basin.shp l ii farmR_input.csv 4+—
dem.tif — SWATbuildR ®
soiltif A l SWATfarmR < TitinOut
channel.shp — usersoil.csv = project.sqlite | T
) 1_ management.sch, plant.ini, hru-data. hru,
point sources —— o o o weather landuse.lum, time.sim, file.cio
; . I el el generator
soil properties —> SWATprepR files

atmo_dep.cli

. . |
weather data time series
(pcp, tmp, hmd, wnd, sIr) ¢

(atmospheric deposition)

all SWAT+ model files

. SWATp|USEditOI’°

(check and correct parameters* write files)

rout_unit.con

Check connectivities

(visualise connectivities in QGIS)

(correct manually if necessary)

landuse.lum

Parameterise landuse

soil_P.tif —¢

local soil P data 2

» Soil P Mappingo—

Parameterise soil nutrients

(define parameters)

soil_plant.ini,
nutrients.sol, hru-data.hru

manually (step5) refer to:

Plunge, S., Piniewski, M., Schiirz,
C., & Strauch, M. (2024). SWAT+
model setup preparation scripted
workflow (in R language). Zenodo.
https://doi.org/10.5281/zenodo.1
2564534



https://doi.org/10.5281/zenodo.12564534
https://doi.org/10.5281/zenodo.12564534

OPTAIN SWAT+ model setups

Model setup | Model evaluation

Scenarios

Case Study/catchment | AT |SWAT |SWAT |Soft Hard

Schwarzer

Cs1(DE) Schops

CS2 (CH) Petite Glane

KKK

Felsé-
CS3(HY) |Valicka
Upper
sS4 (PL) Zgtowiaczka

CS5 (S) Pesnica

CS6 Kebele /
(SI/HU) Kobiljski

CS7 (BE) La Wimbe

CS8 (LT) Dotnuvele
CS9 (IT) Cherio

CS10 (NO) |Krakstad
CS11 (HU) | Tetves

KKK

CS12 (CZ) | Cechticky

CS13 (LV) Dviete

CSl14 (SE) |Savjaan
Note:

Status: March 2024
e

Valida | Climate | NSWRM

buildR |farmR |doctR |calibration |calibration [tion |change
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Average simulated vs observed crop yields (CS4 — PL)
ALFA BARL CANP  CORN CRRT

Parameter changes for winter wheat across Case Studies -
c stud Days to maturity|Potential LAl|Harvest index|Biomass energy
ase study (‘d_mat) (‘lai_pot) (‘harv_idx’) ratio (‘bm_¢e") ‘. 15

Change method |Absolute change Relative change §
CS1(DE) -50 -0.03 0.22 0.1 '_g‘ 10 1
CS2(CH) -30 0 0.25 0 o ' =
CS3(HU) 45 0 -0.15 0 > 5 F—— L
CS4 (PL) =70 0.2 0.2 0.1 l '
CS7 (BE) -30 0.5 0.05 0.21 0 * *
CS9(IT) -105 0 0.4 15 ' ' ' ‘ ‘
CS10 (NO) %0 0.63 0.29 0 FESC ONIO SGBT TRIT WWHT
CS1T(IT) -50 0 -0.1 0 . $
CS12(C2) -60 0 0.3 0 20

N \

| —
10| C——1 ‘ |

i
-
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Arkusz1

		Case Study		Days to maturity (‘d_mat’)		Potential LAI (‘lai_pot’)		Harvest index (‘harv_idx’)		Biomass energy ratio (‘bm_e’)

		Change method		Absolute change		Relative change

		CS1 (DE)		-50		-0.03		0.22		0.11

		CS2 (CH)		-30		0		0.25		0

		CS3 (HU)		-45		0		-0.15		0

		CS4 (PL)		-70		0.2		0.2		0.1

		CS7 (BE)		-30		0.5		0.05		0.21

		CS9 (IT)		-105		0		0.4		1.5

		CS10 (NO)		-40		0.63		0.29		0

		CS11 (IT)		-50		0		-0.1		0

		CS12 (CZ)		-60		0		0.3		0






Results: hard calibration (discharge / nutrients)

Model performance metrics across Case Studies

Case Discharge Water quality

Study KGE | NSE | PBIAS | Variable KGE | NSE | PBIAS
CS1 (DE) 0.79 | 0.69 -0.4 TP load 0.79 | 0.67 -55
CS2 (CH) 0.83| 0.80 -3.7

CS3 (HU) 057 | 033 -7.0

CS4 (PL) 0.81]| 0.63 -0.9 | NOs-N conc 051 0.59 -7.6
CS7 (BE) 0.81| 0.75 -4.2 | NOs-N conc -53.2
CSO (IT) 0.76 | 0.56 -3.2

CSI0(NO) | 0.78 | 0.66 53 TN conc 0.78 | 0.68 52
CS11 (HU) 0.75| 058 -1.3 | NOs-N conc 033 | -0.33 -20.1

Concentration [mg/I]

Calibration plot for N-NO; concentrations (CS4 — PL)
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Simulated outputs for the baseline period
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Climate change effects on water balance
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100 1

Climate change effects on sediment and nutrient losses

RCP26

RCP45

RCP85

Country
borders

OPTAIN
Case Studies
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DE HU PL BE IT NO HU
NSWRM Type of change CSl  CS3 CS4 €s7 cs9* csio csn Legend

Afforestation Land cover - “ BIaCk => NSWRM has been mOdGIIEd

--“ W — effectiveness in water retention

Riparian buffers Land cover

N — effectiveness in N retention
P — effectiveness in P retention

Floodplain restoration Land cover

Crassed waterways Land cover

-
Hedges Land cover --- - Note: the results strongly

covererops “ropmot depend on the scale of NSWRM
application — that was not

e harmonised ©

Drought-resistant plants Crop mgt.

Low tillage Soil mgt.

Low tillage + cover crops |Crop & soil mgt.

No tillage Soil mgt. m
Terracing Land morphology

Controlled drainage Art. impoundment -

Channel restoration Art. impoundment m

Detention ponds Art. impoundment - “-
Wetlands Art. impoundment -
Combined™** Depends on comb. KR n m
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Final remarks

Harmonisation comes at a cost => high demand for support from less experienced
modellers

Scaling up? Possible, but major effort needed for land object layer preparation
(SWATbuildR input)

In-depth spatial analysis of model results revealed possible SWAT+ issues (e.g. very high
N losses from forests)

Ongoing task: where to place which measures to maximise multiple benefits (CoMOLA)

) @OPTAIN -



If you want to find out more about OPTAIN results during the conference...

Michael Strauch Effectiveness of NSWRMs in a German CS A2 (Wed 10:50)
Péter Braun Climate change effects on hydrology and crops in a Hungarian CS A2 (Wed 11:10)
Enrico Chiaradia Effectiveness of NSWRMs in a Italian CS Poster (Wed 16:30)
Christoph Schiirz New tool for automated implementation of NSWRMs in SWAT+ F1 (Thu 13:30)
model setups: SWATmeasR
Svajunas Plunge New tool supporting SWAT+ calibration: SWATtunR F1 (Thu 13:50)
Piroska Kassai Effectiveness of NSWRMs in a Hungarian CS F1 (Thu 14:10)
Brigitta Szabd Improving soil input data for environmental modeling F1 (Thu 14:30)
& OPTAIN



Wednesday, 3 September, 15:00-
17:00 CET

Topics: overview of developed
tools, example results, Q&A

& OPTAIN
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@ OPTAlN m (short url: bit.ly/optain_zenodo)

}Assessment of NSWRM effectiveness under current and future climate at the catchment scale

> SWAT+ modelling protocol for the assessment of NSWRMs in small agricultural catchments

> Derivation of soil physical and hydraulic properties (R script)

> Map topsoil phosphorus content (R script)

biopsichas.github.io/SWATprepR U@ v GItLab

chrisschuerz.github.io/SWATfarmR (S‘% '+ git.ufz.de/schuerz/swatdoctr

chrisschuerz.github.io/SWATrunR

biopsichas.github.io/SWATtunR/
& OPTAIN
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Mikotaj Piniewski
Warsaw University of Life Sciences

mikolaj piniewski@sggw.edu.pl

Thank you!
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