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Disclaimer

RAMONES is a European Innovation Council (EIC) FET Proactive project in the Environmental
Intelligence Scope B, related to radically novel approaches to resilient, reliable and
environmentally responsible in-situ monitoring. It is funded by the European Union under the
Horizon 2020 FET proactive programme, via grant agreement No. 101017808.

RAMONES project's main objective is to close the current marine radioactivity gap in sampling
and foster new interdisciplinary research in ocean ecosystems. RAMONES will invest a
significant effort to provide tools to enable long-term data acquisition missions, rapid
deployments, low cost per information byte, and propose new Al and Robotics-driven and
supported methodologies, being ambitious to eventually offer scaled-up solutions to
researchers, policy makers and communities. These goals will be achieved by combining state-
of-the-art (SoA) methodologies and equipment from various disciplines in a well-balanced
synergy. It will also design new and effective methodologies targeting the marine
environment, which will provide efficient response to existing natural and man-made hazards,
and shape future policies for the global population. RAMONES will additionally contribute to
shaping a blueprint on Environmental Intelligence in the EU and worldwide.

This document has been produced through funding from the
* X % European Commission. The content of this document is a
product of the RAMONES project Consortium and it does not
necessarily reflect the opinion of the European Commission.
The editor, author, contributors and reviewers of this
document have taken any available measure in order for its
content to be accurate and lawful. However, neither the
project consortium as a whole, nor the individual partners
that have implicitly or explicitly participated in the creation and publication of this document
may be held responsible for any damage, financial or other loss or any other issue that may
arise as a result of using the content of this document or any of the project outputs that this
document may refer to.

The European Union (EU) was established in accordance with the Treaty on the European
Union (Maastricht). There are currently 27 member states of the European Union. It is based
on the European Communities and the member states’ cooperation in the fields of Common
Foreign and Security Policy and Justice and Home Affairs. The five main institutions of the
European Union are the European Parliament, the Council of Ministers, the European
Commission, the Court of Justice, and the Court of Auditors (http://europa.eu.int/).
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Abstract

RAMONES is an ambitious, high-risk FET H2020 project which aims to achieve high-resolution
temporal and spatial underwater Al-driven radioactivity measurements, in situ and in near-
real-time, forming a game changer in deep-water environmental monitoring. RAMONES
proposes a new generation of submarine radiation-sensing instruments, assisted by State of
the Art robotic and artificial intelligence solutions towards understanding radiation related
risks near and far from coastal areas, while providing data for the international community
towards shaping new policies and governance guidelines for environmental sustainability,
economic growth, and human health.

One of the main goals also of RAMONES is to inform key socio-political and socio-economic
stakeholders at regular intervals at medium frequencies (daily, weekly) of evolving risks in sea-
areas of interest. To that end, the deliverable 5.6. of Work Package 5, second of four
deliverables focusing on building and communicating Risk Indices via the RMIS (Risk
Management Information System), a subsystem of the POIS20N (presented in D5.1,D5.2,
D5.3. with more to follow in D5.4/[month 37] & D5.8/[month 48]), a subsystem focusing on
Risk Assessment for awareness and policy support (with input from POIS20N). We provide in
this second deliverable for RMIS the first implementation of a Risk Index on 12 simulated
timeseries, series informed from real data collected in situ in 2023.

As per T5.2 intent to Raising Awareness and Supporting policymaking we describe in D5.6 how
we implement a data-driven risk monitor at high frequency (every 10ms) informing on the
probability and likelihood of reaching instantaneously maximum annual dosages of
radioactivity in areas of interest (the cumulative scenario will be studies in D7.7); we aim via
providing this information at raising awareness to interested stakeholders and support
enhanced resilience for environmental sustainability, and communities’ social, financial and
health safety.

Keywords

RAMONES; POIS20N; Radioactivity; Risk Information System; Forecasting; Risk; Probability
distributions.
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1. Introduction

1.1 Context

This document belongs to Work Package 5 (WP5, Citizen Awareness, Communication and
Dissemination Activities), and in particular to Task T5.2 Raising Awareness / Supporting
policymaking [M25-M48] - Lead: UDUR with Participants: NKUA, UCA, ENS within which
RAMONES [Me22] creates a data-driven risk monitor at high frequency (every 10 ms)
informing on eminent reach of annual limits (within much shorter periods of time than a
year), and aiming at raising awareness to interested stakeholders and eventually support
enhanced resilience for environmental sustainability, and communities’ social, financial and
health safety

In this deliverable we illustrate the capabilities of the RMIS (Risk Management Information
System), a subsystem of POIS20N (Prototype RAMONES Information System for
SocioecONomic stakeholders) via implementing the first Risk Index. RMIS aims to inform key
socio-political and socio-economic stakeholders at regular intervals at medium frequencies
(daily, weekly) of evolving risks in sea-areas of interest. We aim also during the next 12 months
to get in discussion with IAEA and ENS, for the later phases of T5.2 as part of the linked
deliverables D5.7, D5.8 due in months 42, & 48 respectively.

1.2 Structure of the document

From this point, the current document is organized according to the following structure and
contents:

Section 2. First Usage Scenario of RMIS
Section 3. First Risk Index implementation

Section 4. Conclusion and the Future

1.3 Objectives and approach

The objectives of the RAMONES D5.6 deliverable is to implement the first Risk Index to be
implemented with RMIS.

WPS5 - Citizen Awareness, Dissemination and Communication
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2. First Basic usage Scenario

In the first basic usage scenario the assumption is that a living organisation (human or not) is

receiving instantaneously a large dosage of radiation and we examine the chance of receiving
(or emitting) in one go the entire annual dosage or more. That will happen by randomly passing
from an affected area and it could happen in as fast a 10ms. The cumulative scenario where
the living organisation lays for a large amount of time in a (less) affected area, e.g. 30 min and
gradually received withing that time frame the annual dosage, will be examined in deliverable
D5.7.

3. First Risk Index implementation of RMIS

The RMIS subsystem is depicted in figure 1 as the RED-circled subsystems within POIS20N as
described and designed in D5.5.

WP5 - Citizen Awareness, Dissemination and Communication Page 10 of 20
Activities




www.ramones-project.eu

Forecasting and Risk Assessment for awareness policy support no2

E

DSS, FSS, GIS, & RMIS integration to

RAMONES Integrated Information Systems (RI2S) I

T 5
¢ ibss Decisions - P
i H Operational (daily, weekly) i
y ' #.g. Emargancy responsa, Closa Basch i
il Policy & Legislation Tactical (monthly, quarterly) HE
1 i (proactive, reactive #.9. Ban fishing, deploy targeted platiorms P
. . #1c) Strategic (annwal+) : g
E ¥ &.0. Mew legislation, Incentives, Decommissioning i i
| iFss |
I Revised Forecasts :
i Context, = infarmation -
Geo-Political Risk

Intclllpeme Indices

: System Fe . = infarmation

i = meta-data

e NG g

stimation

Geohazards boundaries

. -
-Radunumw Thematic magping /
« Anthropogens: | Limk hazard locabions
radionuclides | +
sGases i
=etc

ejegs

visualization & representation

RIZS: RAMONES Integrated Information

D55: Decision Support System

F55: Forecasting Support System

GIS: Geographic Information System

RMIS: Risk Management Information System

134+

Figure 1 RMIS Subsystem within POIS20N Prototype RAMONES Information System
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The first Risk index implementation estimates the probability of hitting the annual dosage in
one go, with a single pass over 10ms through the affected radioactive area. The process
involves forecasting constantly over the real time measurements at high frequency (10ms) and
in real time calculating the forecasting errors that then are fitted to a series of distribution so
as to find the best distribution for these errors. Once identified, the probability of reaching at
any given time of the maximum dosage is estimated (and respectively communicated)

We simulated the produced code in 15 datasets of the following four elements:

e (Cs-137
e Ra-226
e Pb-214
e Pu-240

And the full spectrum (figures 2-4) and for three different sub-scenarios: only background

noise (figure 2), presence of medium spikes (figure 3), presence of significant spike of
radioactive behavior (figure 4).

WPS5 - Citizen Awareness, Dissemination and Communication
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Figure 2 Scenario 1: Background Noise only
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Figure 3 Scenario 2: Background Noise and medium spikes
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Figure 4 Scenario 3: Background Noise and significant spikes

The produced source code for the respective implementation hereafter and the data used in
simulation attached with this deliverable:

o RAMONES Simulated data.xlsx
e Ramones_TestData_for_POIS20N.csv

WP5 - Citizen Awareness, Dissemination and Communication Page 14 of 20
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Source Code implementation in Python [PYT 2024]

# Load packages

import matplotlib.pyplot as plt

import numpy as np

import pandas as pd

import scipy as sp

import statsmodels.api as sm

from statsmodels.tsa.forecasting.theta import ThetaModel

from statsmodels.tsa.stattools import acf

# Load test data

data = pd.read_csv('‘Ramones_TestData_for_POIS20N.csv', header=0, index_col=0)

# Select the series to analyze
name_y = 'Full_Spectrum' # or 'Full_Spectrum’
y = data[name_y]

nobs = y.shape[0]

# Make the index consecutive

y.index = np.arange(0, nobs, 1)

# Set the rolling window to xx% of all observations
set_percent_roll =0.2

roll = int(set_percent_roll*nobs)

# Set initial gamma for learning

gamma=0.3

WP5 - Citizen Awareness, Dissemination and Communication Page 15 of 20
Activities




www.ramones-project.eu

Forecasting and Risk Assessment for awareness policy support no2

# Initialize storage of forecast errors
frc_errors = pd.DataFrame(data=None, index=y.index, columns=['eTheta’, 'eADL'])
r_adl = pd.DataFrame(data=None, index=y.index, columns=['rho(1)'])

weight = pd.DataFrame(data=None, index=y.index, columns=['weight'])

# Loop over the data to produce forecasts and forecast errors
foriin np.arange(0, nobs-roll, 1):
# section the data
yi = y.iloc[i:(roll+i)]
# Get the actual value for the forecast
ya = y.iloc[roll+i]
# Compute the forecast
ytf = ThetaModel(yi, deseasonalize=False).fit().forecast()
# Compute the forecast error
etf =ya - ytf
# Learn
ifi>0:
yaf = ytf + gamma*frc_errors['eADL'].iloc[roll+i-1]
eaf =ya - yaf
else:
yaf = ytf

eaf = etf

WP5 - Citizen Awareness, Dissemination and Communication Page 16 of 20
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# and learn gamma too, if needed
ifi>9:
r_adl.iloc[roll+i-1] = acf(frc_errors['eADL'].dropna())[1]
if r_adl.iloc[roll+i-1][0] > O:
ifi>=12:

weight.iloc[roll+i-1] = np.exp(-r_adliloc[roll+i-1].to_numpy()[0])/np.sum(np.exp(-
r_adlLiloc[:(roll+i)].dropna().to_numpy().astype('float')))

max_weight = (weight.iloc[:(roll+i)]).max()
else:
max_weight = r_adl.iloc[roll+i-1]

gamma_new = (1 - np.sqrt(1 -
4*(max_weight.values[0]**2)))/(2*max_weight.values[0])

if gamma_new > 0:
gamma = gamma_new
print('y =', gamma_new)
# Print progress
print('Now doing', roll+i, 'of', nobs)
# Store and repeat

frc_errors.iloc[roll+i] = np.hstack([etf, eaf])

# Post process the results
mse = (frc_errors ** 2).dropna().mean().apply(np.sqrt)

mae = frc_errors.apply(np.abs).dropna().mean()

# and now for the error distribution, normal and Tukey's lambda

e = frc_errors['eTheta'].dropna().to_numpy().astype('float’)

WP5 - Citizen Awareness, Dissemination and Communication Page 17 of 20
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# Fit normal first
params_norm = sp.stats.norm.fit(e)
cdf_norm = sp.stats.norm(loc=params_norm[0], scale=params_norm[1]).cdf

out_norm = sp.stats.ks_1samp(e, cdf_norm)

# Then Tukey's lambda
params_tukl = sp.stats.tukeylambda.fit(e)

cdf_tukl = sp.stats.tukeylambda(lam=params_tukl[0], loc=params_tukl[1],
scale=params_tukl[2]).cdf

out_tukl = sp.stats.ks_1samp(e, cdf_tukl)

# Select value to compute a probability (from the estimated cdf), set in multiples of the std
mult=1.0

set_x_norm = params_norm[1]*mult

set_x_tukl = params_tukI[2]*mult

# Compute the cdf

x_cdf_norm = cdf_norm(set_x_norm)

x_cdf_tukl = cdf_tukl(set_x_tukl)
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# Print everything
print(")
print(' )

print('++ Forecast evaluation and error fit ++')

print(' )

print("')

print('"MSE of forecasts: ', mse[0], mse[1])

print('"MSE of forecasts: ', mae[0], mae[1])

print(")

print('KS-test (p-value) of Normal distribution  :', out_norm[1])

print('KS-test (p-value) of Tukey-Lambda distribution: ', out_tuklI[1])

print("')

print('"Normal distribution probability of error less than: ', set_x_norm, 'is:', x_cdf_norm)

print('Tukey Lambda distribution probability of error less than:', set_x_tukl, 'is:', x_cdf_tukl)

WP5 - Citizen Awareness, Dissemination and Communication Page 19 of 20
Activities




www.ramones-project.eu

Forecasting and Risk Assessment for awareness policy support no2

4. Conclusion and the Future

RAMONES aspires to introduce novel monitoring and response channels to inform key socio-
political and socio-economics stakeholders at regular intervals at medium (daily, weekly)
frequencies. To that end, the deliverable D5.6 of Work Package 5 provides the first
implementation of a Risk Index in this context. In parallel in months 42, we expect to deliver
the next iteration of the RMIS, and in month 48 the full version of POIS20N. For the
immediate next deliverable D5.7 we aim to:

e Analyze the cumulative scenario (as in section 2)

e Introduce a second risk index (as per deliverable D5.5)

e Scanning for more forecasting error distributions (aiming for 10)
e Integrating the Python code for D5.6 in POIS20N (in R)
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