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RS Data Potential and Pitfalls
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Inter-Product Variability
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Inter-Product Variability
Catchment scale
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Interval-Based Robust Calibration
Solution for Diverse RS Data

LHS Parameter sets
e 10 parameters

Trento

¢ 10,000 sets

Observations
e Multi-ET data

* Discharge gauges

Model simulations
e Monthly step
e ET and discharge

2.1 IROC calibration
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ILH: Probabilistic fit
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IROC consensus sets

2.2 Baseline calibration

e MOD16
* MAE (Q90) ranking
e Top 1% sets

3. Evaluation

e ET performance

e Discharge validation
e Parameter analysis
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Interval-Based Robust Calibration

* Interval Penalty (IPT) >80% of Parameter sets that satisfy
Average compliance subbasins [~ interval constraints from both

* Interval Robust satisfy average and extreme
Overshot (IRO) thresholds (cal. perspectives.
Worst-case resilience = &val | —=
1 i . . i

IpT = = z [max(0, y7° — 7@ + max (0, yrin — ymod)] _IPT summarizes the overall degree of

N Lt=1 interval violation,

IRO = Qg5 (max(0, yfrod — yrer

, yun ygnod)) * Quantile-based IRO emphasizes the
tail magnitude of rare exceedances

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.
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Interval-Based Robust Calibration
 ILH identifies the most plausible

parameter sets under interval

Top 1% sets

* Interval Likelihood _ _
with the Robust sets uncertainty.

(ILH)
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fz brobabilistic highest (ILH) « The top 1% of parameter sets are
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T
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| Case-study Evaluation

IROC consensus sets
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| Case-study Evaluation

Spatial-Temporal Performance

« 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

e 90% mean IPT £4 mm; 80% IRO values
are <12 mm

 |PT demonstrates robust mean behavior

Robust ET behavior
Temporal evaluation of ET simulations
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| Case-study Evaluation

Parameter and Discharge Analysis

Parameter analysis

* IROC generally yields a more compact

 Roc and clustered parameter space
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| Modular Python Toolbox

fo\/e\fe\(°\r°\/°\

Project Parameter SWAT IPT/IRO/ILH Robust set Visualization
setup sampling simulation calculation selection and comparison
> /\ > | K — o oo > o
aes
I I I " ® l '@‘
S e
B O A N 57 & g & _J
bounds + periods ranges + iterations ET + discharge metric evaluation ~ robust + consensus sets  figures + baseline
comparison
User-defined inputs Automated outputs
Observation bounds - calibration / validation Robust parameter sets - parameter analysis -
split - parameter ranges ET/discharge figures - baseline comparison

The notebook controls the workflow; reusable Python modules perform model
setup, metric calculation, selection, and visualization
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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

School of Engineering and Design 13
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| Modular Python Toolbox

Notebook-based application

F— Setup
| F Project setup

| F— Parameter setup
| L Model initialization
- Simulation and metrics

F— SWAT simulation

|
| | Metric preparation
| L IPT / IRO / ILH analysis
- IROC outputs
| | Robust/consensus set
| | ET and spatial analysis
| | Parameter analysis
| L Discharge analysis
L Baseline comparison
- Baseline outputs
L- IROC vs. baseline

#1 Create a new project
from project import Project

project.load_bounds(min_file="min_ob.csv", max_file="max_ob.csv",row_slice=(7,77))

1
2
3 project = Project(run_name="swat_demo_1")
4
5

project.cali_vali_configure(split_idx=35)

['step 1: Set up project. Complete!!!

1 #2 Parameter setup

2 from paramsampler import param_def,SWATPSampler
3

4 n_iter = lee@e0

5 param_config = [

6 ("cN2", "rel", (-©.5, 8.5), 2),
7 ("ESCO", "set", (e.1, @.99), 3),
8 ("EPCO", "set", (e.1, @.99), 3),
9 ("soL_K", "rel", (-8.8, 0.8), 2),
10 ("SOL_AWC", "abs", (@, ©.2), 2),
11 ("GW_DELAY", "abs", (@, 380), 1),
12 ("SFTMP", "set", (-5, 5), 3),
13 ("SMTMP", "set", (-5, 5), 3),
14 ("PLAPS", "set", (e, 10@0), 3),
15 ("TLAPS", "set", (-9, @), 3)
16 ]
17 param_defs = [param_def(*cfg) for cfg in param_config]

18 P_Sampler = SWATPSampler(param_defs)
19 param_groups = P_Sampler.sample(n_iter)

[Z'step 2: Parameter preparation for 1008@ sets. Complete!!!

1 #3 Initialize model and parameter table
2 from modelkit import *

3 swat = SWAT_kit(project=project,base_dir=r"..\data\model data\SWAT_model\Scenarios\Default\TxtInOui

4 swat.param_plot(param_groups)
4

[Zistep 3. set up calibration configuration for the SWAT model. Complete!!!

>

Backup folder already exists: ..\data\model_data\SWAT_model\Scenarios\Default\TxtInOut_backup — skipp

ing backup.

parameter_plot_save_to D:\Python\Code\SWAT\IROC\runs\swat_demo_1l\results\scatter_matrix_lhs.png
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| Modular Python Toolbox

Notebook-based application
F— Setup

| F Project setup

| F— Parameter setup

| L Model initialization
- Simulation and metrics

- SWAT simulation

F— Metric preparation
L IPT / IRO / ILH analysis

- Robust/consensus set

|
|
|
- IROC outputs
|
| F— ET and spatial analysis
| P— Parameter analysis
| L Discharge analysis
L Baseline comparison
- Baseline outputs

- IROC vs. baseline

1 #6 Interval metrics analysis
2 from intv_alys import Interval_Analyser
3
4 ##6.1. IPT Calibration and vailidation
5 alys = Interval_Analyser(project=project,estimator= est)
6 alys.compute_penalty thresholds_v2(fraction=0.15)
7 simP, robust_P_idx, best_P=alys.penalty_evaluator(penal_bk_cl,penal_bk_vl,sim=et_bk, pass_fraction
8
9 ##6.2. IRO Calibration and vailidation
10 alys.compute_ro_thresholds(fraction=0.35, percentile=95)
11 simR, robust_R_idx, best_R=alys.ro_evaluator(ro_bk_cl,ro_bk_vl,sim=et_bk,pass_fraction=0.80)
12 alys.plot_robust(P=simP, R=simR, P_sets=best_P, R_sets=best_R, subs=[13,19,14])
13
14 ## 6.3 find best robust sets based on ILH
15 robust_LL_idx,idx_cali, w_cali,idx_vali, w_vali,z_cali,z_vali,best_idx_cali,best_idx_vali=alys.int
<4 D >

--- Independent Interval-Penalty Evaluation ---
[Calibration] Best iteration: 4856, Mean Penalty: 2.13
[validation] Best iteration: 8994, Mean Penalty: 1.48

2.07, Max subbasins passing = 19/23
1.21, Max subbasins passing = 21/23

Buffer group (280% pass)= 18/23

Calibration solutions = 51

Validation solutions = 483
1 Total Robust IPT solutions nr= 42: [395, 483, 562, 591, 678, 779, 861, 1114, 1133, 1439, 1684, 22
93, 2374, 2921, 3077, 3097, 3155, 4199, 4508, 4856, 4865, 4924, 5062, 5588, 5837, 6008, 6259, 6336, 7
1e3, 7203, 7494, 7520, 7599, 7698, 8052, 8708, 8723, 9370, 9398, 9407, 9775, 9780]

--- Independent RO Evaluation ---
[calibration] Best iteration: 4865, Mean RO: 9.88
[validation] Best iteration: 1226, Mean RO: 6.90

4.94, Max subbasins passing = 20/23
5.56, Max subbasins passing = 21/23

+ 1+

Buffer group (280.0% pass)= 18/23

Calibration solutions = 168

Validation solutions = 425
[/ Total Robust IRO solutions nr= 85: [445, 53@, 562, 636, 678, 807, 1085, 1301, 1785, 1809, 2010, 2
293, 2374, 2378, 2545, 2708, 2714, 2906, 2921, 3021, 3026, 3068, 3065, 3077, 3182, 3239, 3386, 3481,
3640, 3664, 3784, 3923, 4121, 4373, 4508, 4624, 4733, 4856, 4865, 5047, 5080, 5192, 5449, 5492, 5643,
5667, 5834, 5837, 5865, 5982, 5927, 6027, 6217, 6259, 6394, 6418, 6714, 6814, 7059, 7183, 7165, 7279,
7314, 7469, 7480, 7528, 8008, 8107, 8156, 8289, 8497, 8674, 8712, 8723, 8866, 8926, 8949, 9138, 9228,
9282, 9398, 9446, 9513, 9780, 9961]
Robust Figure saved to:

D:\Python\Code\SWAT\IROC\runs\swat_demo_1\plots

--- Independent Interval-Likelihood Evaluation ---

[] Total ILH Robust sets saved: 44

Saved parameter indices: {2048, 2689, 133, 3077, 8712, 395, 779, 530, 8723, 6008, 3097, 3609, 9370, 5
42, 6814, 4782, 9775, 562, 1718, 5047, 3640, 7224, 1085, 445, 7103, 448, 9407, 9282, 7le8, 842, 206,
591, 3155, 9175, 7897, 752@, 483, 2921, 5865, 1133, 8946, 6259, 2293, 4856}

Figure saved to D:\Python\Code\SWAT\IROC\runs\swat_demo_1\plots\bayesian_evaluation.png
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1 # 7.2 IPT and IRO analysis MY & P B
2 rsaly = project.RSrange(

3 datarange=project.y_max_bk.set_index('Date’)-project.y_min_bk.set_index('Date'),

4 color_map=project.ColorManager(scheme="scheme6").colors,

5 dem_path=r"..\data\model data\dem\dem_clipped.tif",
6
7
8
9

! Modular Python Toolbox

Notebook-based application
|— Setup

subbasins_path=r"..\data\model_data\SWAT_model\Watershed\Shapes\subsl.shp",
river_path=r"..\data\model data\SWAT_model\Watershed\Shapes\rivi.shp",
font_size=12,

out_dir=project.plots_dir

| F Project setup 10 )
11 rsaly.load_subbasins()
| F— Parameter setup 1

13 #import pandas as pd

| |_ Model initialization 1: iﬁi_zzz:::y j alys.summar‘%ze_metr‘%c(best_P, consensus_set, ::IPT::)
B y = alys.summarize_metric(best_R, consensus_set, "IRO")
. . . 16
- Simulation and metrics 17
. . 18 # merge both into a single DataFrame
| |_ SWAT simu 1at10n 19 summary_all = pd.concat([ipt_summary, iro_summary], axis=1)#.reset index().rename(columns={'index"
20
| |— Metr\ic pr‘\epar\ation 21 summary_all.index = summary_all.index.str.replace('Subbasin_", '').astype(int)
22 sub = rsaly.sub
| |_ IPT / IRO / ILH analySiS 22 sub = sub.merge(summary_all, left_on='Subbasin', right_index=True)
25 alys.etcdf(summary_all)
|_ IROC Outputs 26 alys.map(sub)
<4 >
| | Robust/consensus set _ .
Figure saved to D:\Python\Code\SWAT\IROC\runs\swat_demo_1\plots\Metric_map.png
| |_ ET and spatial analysis b Mean IPT (Cal) ¢ Mean IPT (Val)
| | Parameter analysis 7 8 8
L Discharge analysis SE ST
& S
L Baseline comparison 49 49
- S
- Baseline outputs . .
L IROC vs. baseline e e
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| Modular Python Toolbox

Notebook-based application
base=Baseline_Module(project=project)

1
2
F— Setup 3
4 base.load_baseline('monthly MODIS.csv',row_slice=(7,77))
| |_ Pr‘ojec't Setup 5 base.cali_vali_bs()
6
7
8
9

# 8 baseline
from baseline import Baseline_Module

#select mode='compute' to calculate the metrics; or 'load’ to continue analysis
| I— Parameter Se'tup mode = base.ask_mode()
mae_bk_cl,mae_bk_vl=base.baseline mae(et_out=et_bk,mode=mode)

| L Model initialization

1@ best_iter, basesets_idx, cal_s, val_s=base.behavioral_group_topk(cal_df=mae_bk_cl, val_df= mae_bk_

I_ Simulation and metrics < D
. . Choose baseline mode: 'load' or 'compute': load
|_ SWAT SlmU1atlon [ Loaded D:\Python\Code\SWAT\IROC\runs\swat_demo_1\analysis\mae_bk_cl.csv

[l Loaded D: \Python\Code\SWAT\IROC\runs\swat_demo_1\analysis\mae_bk_vl.csv

F— Metric preparation
L IPT / IRO / ILH analysis

1 ##8.1 baseline parameter
2 base.plot_base_param (basesets_idx,param_defs, param_groups)

I— IROC OUtpUtS Figure saved to D:\Python\Code\SWAT\IROC\runs\swat_demo_1\plots\baseline_param_distribution.png
b Baseline
| |— Robust / consensus set 050 1 100f=] 1.004—] o080+f-] 0201 300F=] s.0Ff=] s0+—] 1000f =] o004+
. . 0.40 - 0.90 - é 0.90 - 0.60 1 0.18 - 270 4.0 4.0 900 - -1.0 1
0.30 - 0.80 4 0.80 - | | 240 3.0 - 3.0 800 - 2.0-
| F— ET and spatial analysis 0301 0801 ey 0.40 4 0.15 210 ] >0 ] >0 ] oo e
- 0.10 - 0604 °| 060- 0.20 013 1 180 A 1.0 1.0 600 1 40
| I— Parameter analysis 0.00 - 0.50 | 0.50 | 0.00 0.10 { 150 0.0 - 0.0 500 - e
-0.10 4 . . -0.20 0.08 - 120 4 -1.0 - -1.0 1 400 4 .
. . ] 0.40 0.40 - ] >0 504 ] 6.0 -
| L Discharge analysis 0201L| 030 | o030{Ld| 040{E]| 005{°| 5] e 20 200 ] 0.
-0.40 - 0.20 1 0.20 A -0.60 1 0.03 1 30 A -4.0 - 4.0 1 100 - 8.0 1
L Baseline comparison 050t 010 -] 010t 080t 000t O S50t S50t O 9.0 4
CN2 ESCO EPCO SOL K  SOL AWC GW DELAY SFTMP SMTMP PLAPS TLAPS
|_ Ba se 1 i ne Out pu-t S (rel) (set) (set) (rel) (abs) (abs) (set) (set) (set) (set)
L TROC vs. baseline
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TUM Innovation Networks EarthCare Project

An explorative and interdisciplinary study that SPONSORED BY THE
bridges the knowledge gap between the use AR | Py
of Al and EO data for our planet’s SEg, T | of Education

and Research

S u S t al n ab I | I ty " Bayerisches Staatér
Wissenschaft und Kunst

Sustainability Use Case

Natural Hazards

Artificial Intelligence in .'.,
Earth Observations /

Earth System Modeling

Co-funded by

Ilﬂlé}iefi‘;ég - the European Union A-DROP
Alpine Space

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: Al and EO for Drought prediction and
monitoring in Apline region
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https://web.tum.de/en/inw/our-innovation-networks/earthcare/
https://www.alpine-space.eu/project/a-drop/

Thank you!
Open to collaboration!

Questions?

School of Engineering and Design
Chair of Hydrology and River Basin Management

ye.tuo@tum.de




