
Deployment of NICAM-COCO Atmosphere-Ocean coupling model 
(NICOCO) on Miyabi with Autosubmit 

Autosubmit (Manubens-Gil et al., 2016; Uruchi et al., 2021) is an open source 
Python experiment and workflow manager used to manage complex workflows 
on Cloud and HPC platforms.
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WP4 has three projects: 
Earth-system-model performance assessment 
Earth-system-model benchmark suite (HPCW) 
Large-eddy cloud simulation model (UWLCM)

Purpose of this research

Generic Workflow for Replicability Tests Experiments

Figure 1. Schematic of the replicability test structure: we port a given ESM to two different computing environments; by executing the

model with a fixed forcing and introducing small, climate-invariant perturbations to the initial conditions, we generate one ensemble of

simulations for each environment; we apply a metric to the resulting ensembles, generating one score per each ensemble member; this results

in two distributions of scores that we compare employing statistical tests that determine whether there is enough evidence to reject the null

hypothesis H0 at a certain significance level ω.

hence, compatible in their value range. This allows us to link the scores into a combined score by s̃ = 1
S

∑
S

i
si. We apply all

the tests to all the available scores, and reject the null hypothesis, if the minimum p̃-value = min
→s,t↑S,T

p-value(s, t) is smaller

than the significance level ω. Here, S and T denote the sets of the scores and tests respectively.

3.1 Scores

In the following, we will introduce the four scores that our replicability methodology is based on. We try to keep the meaning200

of the score intuitive, such that values close to 0 correspond to a bad representation of the model compared to observations

and values close to 1 a good representation. This is motivated by the International Land Model Benchmarking (ILAMB)

System (Collier et al., 2018), introducing scores specific to assess land model scientific performance. Two scores from ILAMB

are of particular interest for our work: the bias-score and the root-mean-square (RMS) error (RMSE) score. We will introduce

both of the scores in this section. We further employ an adaptation of the extensively used Reichler-Kim index (Reichler and205

Kim, 2008), and the RMS Z-score (RMSZ).

3.1.1 Root-mean-square Z-score

The first metric that we use is based on the standard score, or Z-score, motivated by Baker et al. (2014, 2016). Applied to our

case, the Z-score measures the deviation of the climatology, X̄m, of member m to the ensemble mean in units of the ensemble

standard deviation. Therefore, the Z-score of variable X at grid point i for ensemble member m is given by:210
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, (1)
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Figure 7. Bootstrap distributions for the effect sizes of the control period 1960-1989, where the BMB emission forcing is the same (in red),

and for the reference period 1990-2014, where the forcing is different (in blue), for the variables hus300, ta200, tos, and psl. The boxes in

the plots list the variable name, the effect sizes between the distributions of the respective scores for the control and reference periods, and

the respective quartiles.

Figure 8. Monte Carlo power analysis of the dependency of the power on the effect size. The plots show the power of the four tests, T-test,

U-test, KS-test, and B-test, for different ensemble sizes, and for two different models, the Lorenz-96 toy model and the data from the LENS2

ensemble.

results per bin. We perform this for the Lorenz-96 toy model and for the LENS2 ensemble. Performing this with Lorenz-96 has

the advantage that it is computationally not expensive, and we can draw from a large pool of ensemble members. The data for

Lorenz-96 is generated using 100,000 random two-sample draws, for each sample size n, from a 21,000-member ensemble.495

The 21,000 member ensemble is just the joint ensemble containing the 1000-member ensembles that we generated for the 21

different values for F (see Section 4.1.2). For the LENS2 ensemble, we generate the data with 7500 random draws from the

full 100-member ensemble. It is likely that the results for the LENS2 ensemble are biased, as we probably undersample the

distribution function with merely 100 members, and use fewer repetitions than for Lorenz-96. Both Lorenz-96 and LENS2

show fluctuations in the graphs, with fewer fluctuations for Lorenz-96. Yet, the results for both models seem compatible with500

each other to a large extent.
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Statistical test results using the Large Ensemble Earth System Model Simulation Dataset (LENS2). Distributions 
were created using the bootstrap method, and show the control period (1960-1989) (red) and the reference 
period (1990-2014) (blue), respectively. The tiles from top to bottom show the results for specific humidity at 300 
hPa (hus300), air temperature at 200 hPa (ta200), sea surface temperature (tos), and sea level pressure (psl). 
[From Keller et al. (2025) Figure 7]

This study systematically evaluates the replicability of Earth System Model results across multiple supercomputers.

Statistical Tests with Ensemble Simulations 
We typically perform an ensemble of climate simulations to capture the natural 
internal variability of the climate represented by an Earth System Model (ESM). Our 
replicability test is based on the methodology presented by Massonnet et al. (2020), 
where the distribution among the ensemble members of the Reichler-Kim (2008) 
index, a scalar climate model performance score, is used to study statistical 
indistinguishability between two ensembles. 

We aim to create ensembles generated using variations in the forcing (boundary 
conditions imposed throughout the simulations), the perturbations (introduced in 
the initial conditions), and the settings for the model parameterizations. Comparing 
ensembles with different modifications and studying the corresponding power will 
allow us to evaluate the test’s sensitivity, as it will provide us with insights into the 
threshold effect sizes of climates to be detectable by our test.

NICOCO Ensemble simulations 
We plan on running sets of experiments with the following characteristics: 

150-years spin-up simulation with constant radiative forcing 
5 (members) x 150 (years) x 15 (configurations)  

30-year historical simulation ensembles 
50 (members) x 30 (years) x 15 (configurations)  

We will perform simulations at 1-degree resolution (~100 Km grid spacing) in varying 
model configurations. We will evaluate the simulations using the replicability test to 
assess the sensitivity of the differences in the model configuration and study the test's 
capability and limitations. The assessment involves estimating the False Positive Rate 
(FPR) by comparing sub-ensembles drawn from ensembles with the same 
configuration and the test's power and sensitivity by comparing sub-ensembles 
drawn from ensembles generated with different configurations.

Miyakawa et al. (2017)

Workflow Manager

Common Manual Workflow


