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ESCAPE-2 will develop extreme -scale 
computing capabilities for European 

operational numerical weather and climate 
prediction (NWCP), and provide the key 

components for NWCP benchmarks to be 
deployed on extreme -scale demonstrators 

and beyond.
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Verification, Validation and Uncertainty 
Quantification work package

ÅDemonstrate the VVUQ package (URANIE) 
for both dwarf and full forecasting system 
workloads.

ÅDevelop a generic European VVUQ package 
for weather and climate simulations that is 
deployable on supercomputers preparing 
workloads of pre-exascalecomputations

ÅTogether with Rudy Chocat [CEA], Kim 
Serradell, Mario Acosta [BSC], Peter Dueben
[ECMWF] and Kristian Pagh Nielsen [DMI]
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Common VVUQ vocabulary

URANIE + SW model

URANIE + ESCAPE 
dwarf

URANIE + EPS

Generic 
VVUQ 
platform

EPS = HarmonEPS
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The URANIE platform

ÅDeveloped at CEA to help with sensitivity 
(meta)-modelling and optimization problems
(mostly for radiative transfer codes)

ÅBased on the ROOT platform (developed at 
CERN)

ÅC++ with Python/Ruby interfaces

ÅAllows for analysis with parallel computing

ÅOpen-Source [code, description paper] 
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https://sourceforge.net/projects/uranie
https://arxiv.org/abs/1803.10656
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The URANIE platform

Main purpose:

ÅUncertainty propagation

ÅSurrogate model generation

ÅSensitivity analysis

ÅOptimization problems

ÅReliability analysis

Ą Non-intrusive 
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Combining URANIE and HarmonEPS

ÅEPS workflow too 
complex

Å cycling

Å perturbations

to use as a black box

Ą Integrate the 
different URANIE steps 
in the HARMONIE 
scripting system*

* Many thanks to
Inger-Lise for all the
help
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Proof of concept experiment

Perturbed members display dry BIAS in RH2m (cy40h1.1.1)
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Culprit was 
found to be:
Åsurface 

pertrubations 
of soil 
moisture
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Can we retrieve this result using URANIE?

Ą Use of Morris screening method:

Å Extension of the One-Factor-at-a-Time variation 
method

Å ὉὉ
ȟȣȟ ȣȟ ȟȣȟ ȟ

Å ‘ᶻ В ȿὉὉȿ

Å „ В ὉὉ ‘ᶻ

Å Parameters under investigation: 

standard deviation of perturbations for 9 fields:

VEG, LAI, CV, Z0, ALB, SST, ST, WG, SNOW

Proof of concept experiment
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Å cy40h1.1.1 

Å 2.5 km resolution

Å 65 vertical levels

Å 3-hourly Surface & UA DA (14 days 
spinup) 

ÅOnly surface perturbations

Å 10+1 members (Harmonie-AROME)

ÅOnly 2 days under inverstigation:

Å 1 & 2 juli 2020 (36h forecast started at 00 
UTC)

Å Number of trajectories (r) = 4

HarmonEPS setup*
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* Many thanks to Inger -Lise
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Proof of concept - results

ÅRH2m bias most 
sensitive to soil moisture 
(standard deviation)

ÅNo sensitivity to 
VEG,CV,ALB,Z0,LAI?

Ą ALB and Z0 fields only 
updated every 10 days (no 
perturbations?)

Ą Bug in code: no 
perturbations in VEG,CV 
and LAI!

12



Author

Function

Institute

ÅOptimize/tune perturbation horizontal correlation length scale

ÅStart simple: 1 length scale and 1 output variable

ÅWhich length scale (SPPT or SPP)?

ÅWhich variable (G500, T2m, RH2m, S10m)?

Ą Sensitivity study with Morris screening method

Å Same setup but only SPP and SPPT perturbations active

Å Inputs: SPPT and SPP length scales range between 100 ð300km (default 200km)

Å Outputs: Ensemble spread of G500, T2m, RH2m, S10m

Optimization/tuning experiment
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Optimization/tuning experiment
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