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Session 1: Agenda

• Part A — Context & Motivation 

• The configuration problem 

• The uncertainty quantification problem

• Connection to NextGen / NGIAB

• Part B — Hands-On: Logan River jHBV Workflow

• Step 1: Configuration

• Step 2: Domain definition & watershed delineation

• Step 3: Forcing & observation data acquisition

• Step 4: jHBV model execution

• Step 5: Evaluation & calibration (DDS)

• Part C — Recap and Wrap-Up 



Session 1: The Configuration Problem - Composability 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

V. Analysis and Evaluation

IV. Model-Specific Instantiation

III. Agnostic Preprocessing

II. Domain definition

3. Create pour point

4. Acquire attributes

5. Define Domain

6. Discretize domain

7. Process observed data

8. Acquire forcings

9. Model agnostic processing

10. Model specific processing

11. Run models

12. Postprocess results

13. Calibration

14. Benchmarking

15. Decision Analysis

16. Sensitivity analysis

I. Initialization  
2. Setup project filing structure 

1. Install computational resources 



Session 1: The Configuration Problem - Technical breadth 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026a “Out-standing in Every Field: The Vision for Shared Architecture in Computational Hydrology”, in prep



Session 1: The Configuration Problem – Cohesion 

V. Analysis and Evaluation

IV. Model-Specific Instantiation

III. Agnostic Preprocessing

II. Domain definition

3. Create pour point

4. Acquire attributes

5. Define Domain

6. Discretize domain

7. Process observed data

8. Acquire forcings

9. Model agnostic processing

10. Model specific processing

11. Run models

12. Postprocess results

13. Calibration

14. Benchmarking

15. Decision Analysis

16. Sensitivity analysis

I. Initialization  

Config.yaml

External interfaces

Logging_and diagnostic 
visualization 

2. Setup project filing structure 

1. Install computational resources 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 
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Configuration expresses scientific intent; the 
framework handles implementation

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns 
for Community Hydrological Modeling”, in prep

Session 1: The Configuration Problem - Settings

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 
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Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep

Session 1: The Configuration Problem - Software Architecture

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 



Session 1: The Configuration Problem - Resolution 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, 
Multi-Basin Experiments with SYMFLUENCE”, in prep



Session 1: The Configuration Problem - Processing 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments with SYMFLUENCE”, in prep



Session 1: The Configuration Problem - Forcing 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments with SYMFLUENCE”, in prep



Session 1: The Configuration Problem - Orchestration 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments with SYMFLUENCE”, in prep



Session 1: The Configuration Problem - Calibration 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments with SYMFLUENCE”, in prep



Session 1: The Configuration Problem - Evaluation 

Layers of composable components

Decision points 

 Project initialization 

 Domain spatial discretization

 Input data 

 Model specific configuration 

 Optimisation strategy

 Evaluation 

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments with SYMFLUENCE”, in prep



A systematic uncertainty budget requires:

• Multiple models -- structural uncertainty

• Multiple forcings -- input uncertainty

• Multiple algorithms -- calibration uncertainty

• Multiple evaluation targets -- diagnostic depth

Current practice:

• Each group wires its own pipeline

The binding constraint on uncertainty quantification in hydrology is not methods, 
data, or compute -- it is integration infrastructure.

Combinatorial integration cost

M × N
bespoke adapters for M forcings × N models

16 forcings × 27 models × 17 algorithms × 14 metrics

> 100,000 pairwise adapters

Session 1: The uncertainty-quantification problem



runners

preprocessors

postprocessors

config_adapters

optimizers

metrics

data_handlers

eval_targets

Registries

facade (R)

30 domain registries share the same API

The pattern

•  One Registry[T] class — models, data handlers, optimizers, metrics, 

evaluation targets, etc.

•  Dict-like API:   R.runners["SUMMA"]

•  Lazy imports: components resolved on first use

One generic container for every pluggable component type

The procedure

• Independently extendible through python setuptools

1. Create PyPI package 

2. Inherit base classes

3. Register component classes

4. Declare entry point in pyproject.toml

• SYMFLUENCE discovers registered components at runtime

• No source code modification required

• Default components PR to pyproject.toml

Session 1: The Registry as social contract



Thirty typed registries. Current inventory:

• 27 models across 6 languages (Fortran, C, C++, R, Julia, Python)

• 60+ data handlers (ERA5, AORC, RDRS, CARRA, GRACE, …)

• 17 calibration algorithms (DDS, DE, NSGA-II, DREAM, ADAM, …)

• 14 metrics, 12 benchmarks, routing / optimization plug-ins

The M+N reduction:

• Each forcing converts once to a CF-Intermediate Format

• Each model reads from that format once

• Adding model #28: write one adapter

16

Without the registry

M × N
pairwise adapters per workflow stage

↓

With typed registries

M + N
one adapter per component

e.g. 27 models + 60 data handlers = 87 adapters
not 27 × 60 = 1,620

One interface per component

Session 1: The Registry:  M × N become M + N



Session 1: Connection to NextGen / NGIAB – Orchestration 

Community instrument ecosystem

Models Datasets

Geospatial Evaluation

Optimization Benchmarks

Parallelization
Orchestration

(SYMFLUENCE)

Configurations
+

Processed Inputs

NGIAB platform

Research

Operations

two-way
pipeline

feedback — findings inform new configurations



Part B

Hands-On: Logan River with jHBV



Workshop exercise: Logan River

• What we will build:

• Lumped watershed model for USGS 10109000 (Logan River, UT)

• jHBV hydrological model

• RDRS forcing data

• DDS calibration optimizing KGE (200 iterations)

• Notebook: examples/04_workshop_notebooks/04a_logan_river_workshop.ipynb

• Workflow stages: Config -> Domain -> Data -> Model -> Evaluate -> Calibrate



Session 1: Test setup

• https://workshop.ciroh.awi.2i2c.cloud

Download, upload and open Jupyter notebook:

https://github.com/symfluence-org/SYMFLUENCE/tree/main/examples/04_workshop_notebooks 

• 04a_logan_river_workshop.ipynb

https://workshop.ciroh.awi.2i2c.cloud/
https://workshop.ciroh.awi.2i2c.cloud/
https://github.com/symfluence-org/SYMFLUENCE/tree/main/examples/04_workshop_notebooks
https://github.com/symfluence-org/SYMFLUENCE/tree/main/examples/04_workshop_notebooks
https://github.com/symfluence-org/SYMFLUENCE/tree/main/examples/04_workshop_notebooks


Step 1 — Configuration

One YAML config captures the full scientific experiment:

Minimal config in Python API:

• SymfluenceConfig.from_minimal() 

• Start from defaults, override what you need

Notebook Step1

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep



Step 2 — Domain definition

Three sub-steps, one line each:

• Geospatial attribute acquisition

• Elevation (Copernicus DEM 90m), land cover, soil type

• Watershed delineation

• TauDEM: DEM -> flow direction -> contributing area -> basin boundary

• Domain discretization

• Lumped: single GRU (Grouped Response Unit)

Notebook steps 2a-2c

• symfluence.managers['data'].acquire_attributes()

• symfluence.managers['domain'].define_domain()

• symfluence.managers['domain'].discretize_domain()



Step 2 — Domain definition

Three sub-steps, one line each:

• Geospatial attribute acquisition

• Elevation (Copernicus DEM 90m), land cover, soil type

• Watershed delineation

• TauDEM: DEM -> flow direction -> contributing area -> basin boundary

• Domain discretization

• Lumped: single GRU (Grouped Response Unit)

Notebook steps 2a-2c

• symfluence.managers['data'].acquire_attributes()

• symfluence.managers['domain'].define_domain()

• symfluence.managers['domain'].discretize_domain()

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, 
Multi-Basin Experiments with SYMFLUENCE”, in prep



Step 3 — Data acquisition & preprocessing

• Streamflow observations

• USGS NWIS API -> station 10109000 -> discharge (m3/s)

• Meteorological forcing — RDRS

• 12.5 km spatial resolution, hourly temporal resolution

• Precipitation, temperature, humidity, wind, radiation, pressure

• Model-agnostic preprocessing

• Standardize variable names (CF conventions)

• Unit conversion, spatial averaging over watershed

• Output: Model ready datastore

• The same input data feeds jHBV, SUMMA, FUSE, or NextGen

Notebook steps 3a – 3c

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments 
with SYMFLUENCE”, in prep



Step 3 — Data acquisition & preprocessing

One format, every model

Forcings

ERA5

ERA5-Land

RDRS

AORC

CONUS404

MERRA-2

Daymet

CHIRPS

CARRA

EM-Earth

HRRR

GPM IMERG

MSWEP

GLDAS

GDDP-CMIP6

NLDAS-2

converts once

CF-Intermediate Format

7 canonical variables · CF-1.8 standard names · SI units

air_temperature K

precipitation_flux kg m⁻² s⁻¹

surface_downwelling_longwave_flux W m⁻²

surface_downwelling_shortwave_flux W m⁻²

specific_humidity kg kg⁻¹

wind_speed m s⁻¹

surface_air_pressure Pa

read once

Models

SUMMA

FUSE

HYPE

MESH

mHM

SWAT

WRF-Hydro

CRHM

VIC

NGEN

jHBV

jSAC-SMA

jXAJ

jTOPMODEL

jHEC-HMS

GR4J

LSTM

+ 9 more

Without a shared format:  16 × 27 = 432 adapters With CFIF:  16 + 27 = 43

27



Step 3 — Data acquisition & preprocessing

One format, every model

Eythorsson et al., 2026c “From Configuration to Prediction: Multi-Model, Multi-Basin Experiments with 
SYMFLUENCE”, in prep

3 classes of data

- Forcing (dynamic)

- Re-analysis

- Forecast

- GCM

- Geospatial attributes (“static”)

- Configuration (elevation, soil class, land cover, etc.,)

- Optimization (signatures, stratification, climate, etc.,)

- Observations

- Point scale (streamflow, snow, soil moisture, etc.,)

- Distributed (GRACE, MODIS, SMAP, etc.,)



Step 3 — Data acquisition & preprocessing

One store, every input

Forcing

16 datasets

ERA5  ·  RDRS  ·  AORC
CONUS404  ·  CARRA
MERRA-2  ·  Daymet  ·  …

Observations

6 families · 30+ sources

USGS  ·  WSC  ·  GRDC
SNOTEL  ·  CanSWE  ·  MODIS
SMAP  ·  GRACE  ·  FLUXNET

Attributes

15 datasets

Copernicus DEM  ·  MERIT
SoilGrids  ·  POLARIS
MODIS LC  ·  HydroLAKES  ·  RGI

Model-Ready Data Store

NetCDF-4  ·  CF-1.8 metadata  ·  per-HRU indexed

Forcing variables

air_temperature(time, hru)
precipitation_flux(time, hru)
surface_downwelling_longwave_flux

Observation series

discharge_cms(time)  ·  swe(time, station)
et(time, hru)  ·  soil_moisture(time, hru)
sca(time, hru)  ·  tws_anomaly(time)

Static attributes

hru_area(hru)  ·  elev_mean(hru)
soil_fraction(hru, soil_class)  ·  
land_fraction(hru, land_class)

Simulation

any of 27 models
reads forcing + attrs
produces fluxes & states

Calibration & evaluation

any of 17 algorithms
any of 14 metrics
multivariate-ready

Configuration & regionalization

transfer functions
parameter regionalization
geofabric coupling

Any model.   Any metric.   Any optimizer.   One store.

28



Step 3 — Data acquisition & preprocessing

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep



Step 3 — Data acquisition & preprocessing

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep



Step 4 — Model execution: jHBV

• jHBV: JAX-AD enabled HBV conceptual model

• Classic HBV structure:

• Snow routine (degree-day)

• Soil moisture accounting

• Response function (upper + lower reservoir)

• Routing (triangular weighting / gamma)

Notebook steps 4a-4b

• symfluence.managers['model'].preprocess_models()

• symfluence.managers['model'].run_models()

CUAHSI, Hydroinformatics: Chapter 17 Intro to Modelling

https://vt-hydroinformatics.github.io/modelingintro.html


Step 4 — Model execution: jHBV

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep



Step 5a — Streamflow evaluation (uncalibrated)

• Simulated vs. observed discharge:

• Metrics (post-spinup):

• NSE, KGE, PBIAS

• Diagnostic plots:

• Default parameters

• How much can calibration improve?

Notebook step 5a



Step 5b — Calibration with DDS

• DDS Dynamically Dimensioned Search (Tolson & Shoemaker, 2007)

• Global optimization for computationally expensive models

• Automatically reduces search dimensionality with iterations

• Calibration setup:

• Objective: maximize streamflow KGE 

• calibration period (2019)

• Iterations: 200

Notebook step 5b

• symfluence.managers['optimization'].calibrate_model()



Step 5b — Calibration with DDS

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep



Step 5c — Benchmarking with HydroBM

On Logan River:

Calibrated HBV  0.595

lost to monthly climatology  

Monthly climatology  0.700

KGE alone tells you fit. Benchmarks tell you whether that fit is real 

skill — or whether the basin's signal was already in the seasonal 

cycle.

Logan River — does HBV beat what we could predict without it?

##



Part C

Recap and Wrap-Up 



Key decision points in the workflow

• Each decision introduces uncertainty:

• 1. Model structure

• 2. Forcing data

• 3. Calibration algorithm

• 4. Spatial discretization

• 5. Evaluation metric

V. Analysis and Evaluation

IV. Model-Specific Instantiation

III. Agnostic Preprocessing

II. Domain definition

3. Create pour point

4. Acquire attributes

5. Define Domain

6. Discretize domain

7. Process observed data

8. Acquire forcings

9. Model agnostic processing

10. Model specific processing

11. Run models

12. Postprocess results

13. Calibration

14. Benchmarking

15. Decision Analysis

16. Sensitivity analysis

I. Initialization  

Config.yaml

External interfaces

Logging_and diagnostic 
visualization 

2. Setup project filing structure 

1. Install computational resources 



Reproducibility & provenance

• SYMFLUENCE tracks provenance at every stage:

• Configuration is the experiment specification

• Data provenance

• Model provenance

• Reproducibility = re-run from config alone

• Per domain _workLog documents every step: 

Eythorsson et al., 2026b “The Registry as Social Contract: Architectural Patterns for 
Community Hydrological Modeling”, in prep



Contributing
Open commons. Structured stewardship.

A USE IT

•  pip install symfluence

•  Docs: symfluence.readthedocs.io

•  GPL-3.0 with commercial licensing option

•  Stable on main, integration on develop

•  24 releases — semantic versioning

B EXTEND IT

•  Plugin architecture: add models, handlers, and 
algorithms without forking the core

•  PRs welcome to develop 

•  99+ test files — CI green required before merge

•  Branching: feature/* → develop → main

C SHAPE IT

•  Issues: bug reports and feature requests

•  Discussions: questions, use cases, design

•  CONTRIBUTING.md, GOVERNANCE.md, Code of 
Conduct

github.com/symfluence-org/SYMFLUENCE   ·   symfluence.org
##



Preview: Session 2 — Parallel Scaling

• In Session 2, we will:

• Take the setup from Session 1 and scale it

• Parallel calibration

• Distributed modelling 

num_processes > 1



Thank you.

Every step — acquisition, preprocessing, simulation across models, calibration, evaluation, benchmarking

— designed for portability from laptop to HPC

TRY IT

pip install symfluence

Run on your own basin.

Define a pour point.

Build your ensemble

TELL US

Issues: bugs, edges, surprises.

Discussions: design questions, use cases.

PRs: new defaults, new handlers, new algos.

STAY IN TOUCH

Session 2 (afternoon): regionalization and the 
model-ready data store.

darri.eythorsson@ucalgary.ca

github.com/symfluence-org/SYMFLUENCE   ·   symfluence.org ·   symfluence.readthedocs.io   ·   darri@symfluence.org

##



Appendix I

Registry extendability
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Registration mechanisms

Three equivalent ways to hand a class to the registry

1.  Direct call

from symfluence.core.registries import R

R.runners.add(
"SUMMA", SummaRunner,

runner_method="run",
)

2.  Decorator

@R.runners.add(

"SUMMA",
runner_method="run",

)

class SummaRunner:
...

3.  Lazy import

R.bmi_adapters.add_lazy(

"SUMMA",
"symfluence.coupling."
"adapters.SUMMAProcess"

"Component",
)

Shortcut for model plugins:  model_manifest()

One call registers every base component of a model family —
preprocessor, runner, postprocessor, config adapter,
result extractor, optimizer, worker, parameter manager, …

model_manifest(
"HBV",
preprocessor    = HBVPreProcessor,
runner          = HBVRunner,
runner_method = "run_hbv",
postprocessor   = HBVPostprocessor,
config_adapter = HBVConfigAdapter,
optimizer       = HBVModelOptimizer,
worker          = HBVWorker,
...

)
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How plugins are discovered

Entry points → bootstrap → register() → populated registries

1. Install plugin

pip install jhbv

standalone package
on PyPI or local

2. Entry point advertised

pyproject.toml

[project.entry-points
."symfluence.plugins"]
hbv = "jhbv:register"

3. Bootstrap discovers

_bootstrap.py

importlib.metadata
.entry_points(

group="symfluence.plugins")

4. register() populates R

model_manifest(…)

R.runners, R.preprocessors,
R.optimizers, … now
contain HBV components

Key properties

•  Zero modifications to the SYMFLUENCE core — plugins live in their own repos.
•  Plugin failures are logged, never crash the framework bootstrap.
•  Works for built-ins too:  SUMMA, FUSE, HYPE, NGEN … all register the same way.
•  Lazy imports keep startup fast — heavy deps (JAX, torch) load only when used.
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Case study  — jHBV

A JAX-based HBV-96 model as a standalone SYMFLUENCE plugin: https://github.com/symfluence-org/jhbv/ 

Package layout

jHBV/
├─ pyproject.toml ← entry point
└─ src/jhbv/

├─ __init__.py ← register()
├─ preprocessor.py
├─ runner.py
├─ postprocessor.py
├─ config.py
├─ extractor.py
└─ calibration/

├─ worker.py
├─ optimizer.py
└─ parameter_manager.py

Inherits from SYMFLUENCE base classes

HBVPreProcessor   ← BaseModelPreProcessor
HBVRunner         ← BaseModelRunner + mixins
HBVPostprocessor  ← StandardModelPostprocessor
HBVConfigAdapter  ← AutoGeneratedConfigAdapter
HBVWorker         ← InMemoryModelWorker

src/jhbv/__init__.py

def register() -> None:
from symfluence.core.registry import model_manifest
from .runner          import HBVRunner
from .preprocessor    import HBVPreProcessor
from .postprocessor   import HBVPostprocessor
from .config          import HBVConfigAdapter
from .extractor       import HBVResultExtractor
from .calibration.optimizer import HBVModelOptimizer
from .calibration.worker import HBVWorker
from .calibration.parameter_manager import HBVParameterManager

model_manifest(
"HBV",
preprocessor      = HBVPreProcessor,
runner            = HBVRunner,
runner_method = "run_hbv",
postprocessor     = HBVPostprocessor,
config_adapter = HBVConfigAdapter,
result_extractor = HBVResultExtractor,
optimizer         = HBVModelOptimizer,
worker            = HBVWorker,
parameter_manager = HBVParameterManager,

)

https://github.com/symfluence-org/jhbv/
https://github.com/symfluence-org/jhbv/
https://github.com/symfluence-org/jhbv/
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Building your own plugin

Four steps — no SYMFLUENCE fork required

1 Create the package

my_model/
├─ pyproject.toml
└─ src/my_model/

└─ __init__.py

Standard src-layout

Python package.

2 Inherit base classes

class MyRunner(
BaseModelRunner,
SpatialOrchestrator,

):
def run(self):

...

Pick the hooks you need:

runner, preprocessor,
config adapter, worker.

3 Write register()

def register():
from symfluence.core\
.registry import \
model_manifest

model_manifest(
"MYMODEL",
runner=MyRunner,
...)

Called once, by

SYMFLUENCE, at bootstrap.

4 Declare entry point

[project.entry-points
."symfluence.plugins"]
mymodel = \
"my_model:register"

pip install . — the model

is now discoverable as
"MYMODEL" everywhere.

Your model behaves like a built-in:   R.runners["MYMODEL"]   •   symfluence workflow run --model MYMODEL
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