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▌ RS Data Potential and Pitfalls

• More ≠ better: 

Estimates for the same 

variable often disagree 

across products, 

introducing 

inconsistency and 

potential bias

https://www.earthdata.nasa.gov

https://www.earthdata.nasa.gov/
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▌ Inter-Product Variability

Global view

Xie, Z., et.al., 2024. Evaluation of seven satellite-based 

and two reanalysis global terrestrial evapotranspiration 

products. Journal of Hydrology, 630, p.130649.

• Patterns are 

generally 

consistent

• Substantial 

uncertainty in 

magnitude

• Extremes are 

magnitude-

sensitive
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▌ Inter-Product Variability

Catchment scale

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision
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▌ Inter-Product Variability

Catchment scale

• Substantial uncertainty in 

magnitude

• Seasonal variation

• Risk for model: Product-to-

product differences can 

propagate into models, 

affecting process 

representation and decision 

making

=> Solutions for data-scarce 

regions? 

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision
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Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision

▌ Interval-Based Robust Calibration

Solution for Diverse RS Data
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𝑚𝑜𝑑 • IPT summarizes the overall degree of 

interval violation, 

𝐼𝑅𝑂 = 𝑄0.95 𝑚𝑎𝑥 0, 𝑦𝑡
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𝑚𝑜𝑑 • Quantile-based IRO emphasizes the 

tail magnitude of rare exceedances

▌ Interval-Based Robust Calibration

Robust sets

(IRO)

Robust sets

(IPT)
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• Interval Penalty (IPT)

Average compliance

• Interval Robust 
Overshot (IRO)

Worst-case resilience
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≥80% of 
subbasins 
satisfy 
thresholds (cal. 
& val.)

• IPT and IRO are evaluated for each subbasin and period, compared with its own threshold.

• A subbasin is valid if the metric value is below the threshold.

• A parameter set is robust if it is valid in at least 80% of subbasins. 

• Robustness must be satisfied in both calibration and validation periods.

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision

Parameter sets that satisfy 

interval constraints from both 

average and extreme 

perspectives.
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▌ Interval-Based Robust Calibration

Robust sets

(ILH)

P
la
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si

b
ili

ty • Interval Likelihood 
(ILH)

Probabilistic  
plausibility
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Top 1% sets 
with the 
highest 
likelihood (cal. 
& val.)

• ILH identifies the most plausible 

parameter sets under interval 

uncertainty.

• The top 1% of parameter sets are 

retained based on normalized 

weight.

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision

𝑃𝑠,𝑡 θ = Φ
ys,t
max − ys,t

mod θ

α ys,t
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mod θ
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mod θ

• Probability falls inside the observed lower–

upper bound, for each subbasin and time 

step

log L θ =෍

s∈S

෍

t=1

T

log 𝑃𝑠,𝑡 θ
• Accumulate probability across all subbasins

and time steps to obtain a likelihood score

wi =

exp
log Li −maxi log Lj

T

Σj=1
N exp

log Lj −maxk log Lk
T

• Convert them into normalized weights
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▌ Case-study Evaluation

IROC consensus sets

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision
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▌ Case-study Evaluation

Spatial–Temporal Performance

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision

• The baseline solutions are strongly tied to 

the MOD16 reference and exhibit greater 

variation

• IROC solutions are more compact and 

constrained by the min–max envelope

• 90% mean IPT ≤ 4 mm; 80% IRO values 

are ≤ 12 mm

• IPT demonstrates robust mean behavior 

under bound constraints, while IRO 

complements it by curbing worst-case 

deviations.

Robust ET behavior

Temporal evaluation of ET simulations

Spatial patterns across subbasins
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▌ Case-study Evaluation

Parameter and Discharge Analysis

Tuo, Y., Duan, Z., Scaria, H., Giacomo, B., & Mariapina, C. (2025). From Single Reference

to Interval-Based Calibration: A Paradigm Shift in Hydrological Modelling with Diverse

Remote Sensing Data. EGU General Assembly Conference 2025, Vienna, Austria.

Journal contribution: Under Review after revision

• IROC generally yields a more compact 

and clustered parameter space 

• IROC median remained consistently 

closer to the discharge observations

Parameter analysis

Independent discharge validation



ye.tuo@tum.de
School of Engineering and Design

Chair of Hydrology and River Basin Management
12

▌ Modular Python Toolbox

The notebook controls the workflow; reusable Python modules perform model 

setup, metric calculation, selection, and visualization

User-defined inputs

Observation bounds · calibration / validation 

split · parameter ranges

Automated outputs

Robust parameter sets · parameter analysis · 

ET/discharge figures · baseline comparison
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▌ Modular Python Toolbox

Module Role

IROC.ipynb User-facing notebook workflow

project.py Project paths, settings, and configuration

modelkit.py Model file management and simulation support

paramsampler.py Parameter sampling and parameter-set generation

metrics.py Metrics functions

estimator.py Calculation and evaluation of IPT, IRO, and ILH metrics

intv_alys.py Interval-based analysis and visualization

dis_alys.py Independent discharge analysis and visualization

baseline.py Baseline method for comparison

• Independent SWAT+ module in modelkit.py: under testing phrase

• Supports .cal-based and manual parameter updates 



ye.tuo@tum.de
School of Engineering and Design

Chair of Hydrology and River Basin Management
14

▌ Modular Python Toolbox
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▌ Modular Python Toolbox



ye.tuo@tum.de
School of Engineering and Design

Chair of Hydrology and River Basin Management
16

▌ Modular Python Toolbox



ye.tuo@tum.de
School of Engineering and Design

Chair of Hydrology and River Basin Management
17

▌ Modular Python Toolbox



ye.tuo@tum.de
School of Engineering and Design

Chair of Hydrology and River Basin Management
18

An explorative and interdisciplinary study that 

bridges the knowledge gap between the use 

of AI and EO data for our planet’s 

sustainability.

TUM Innovation Networks EarthCare Project

https://web.tum.de/en/inw/our-innovation-networks/earthcare/

A-DROP: Alpine DROught Prediction:

Enhancing the Alps’ readiness to cope with 

droughts and promote sustainable water 

management

EU-Interreg Alpine Space (2023)

Key topic: AI and EO for Drought prediction and 

monitoring in Apline region

https://www.alpine-space.eu/project/a-drop/

https://web.tum.de/en/inw/our-innovation-networks/earthcare/
https://www.alpine-space.eu/project/a-drop/
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Thank you!

Open to collaboration!

Questions?


