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The objective of this work is to study the feasibility of developing a stochastic specification model of the radiation environment near Earth, taking into account both the short-term dynamics (a few weeks) and the long-term dynamics (solar cycle). Extending from a previous work, we have developed a generic model for the average particle fluxes at the different timescales, and with confidence levels accounting for the natural variability of the radiation belts. We show that this new model can account for the dynamics of the fluxes of both protons and electrons, and for various orbit, such as LEO (Low Earth Orbit) and GEO (Geostationary Earth Orbit).

I. INTRODUCTION

HE well-known NASA (National Aeronautics and Space Administration) AP8 and AE8 models [START_REF] Sawyer | AP-8 trapped proton environment for solar maximum and solar minimum[END_REF] [START_REF] Vette | The AE-8 Trapped Electron Model Environment[END_REF] have been the standards for a long time and have rendered huge service in satellite design. However, these models are old and need revisiting. To this end, the AE9/AP9 (IRENE: (International Radiation Environment Near Earth) project has been developed for some time and v1.50 of this model has been available and stable since 2017 [START_REF] Ginet | AE9, AP9 and SPM: New models for Specifying the Trapped Energetic Particles and Space Plasma Environment[END_REF] [START_REF] O'brien | Changes in AE9/AP9-IRENE Version 1.5[END_REF]. The AE9 model covers electrons from 40 keV to several MeV and the AP9 model covers protons from 100 keV to several hundreds of MeV. At low energy, the IRENE model corresponds to the SPM (Space Plasma Model) model for electrons from 1 keV to 40 keV and for protons from 1 keV to 100 keV. In parallel, ONERA (Office National d'Etudes et de Recherches Aerospatiales) has developed another global model: GREEN (Global Radiation Earth Environment) [START_REF] Sicard | New Model for the Plasma Electrons Fluxes (Part of GREEN Model)[END_REF] [5] [START_REF] Sicard | GREEN Upper Envelop model for energetic electrons[END_REF]. This model covers a large region of space, from Low Earth Orbit (LEO) altitudes to Geostationary Earth Orbit (GEO) and above, for a wide range of energies from plasma (0.1 keV) to relativistic particles (several MeV for electrons and several hundred of MeV for protons). Other models exist and are mostly orbitspecific such as the IGE-2006 model (International Geostationary Electron) [START_REF] Sicard-Piet | A new international geostationary electron model: IGE-2006, from 1 keV to 5.2 MeV[END_REF], the low altitude proton model OPAL (Onera Proton Altitude Low) [START_REF] Boscher | A New Proton Model for Low Altitude High Energy Specification[END_REF] or the electron model in the Slot Region [START_REF] Sicard-Piet | A new ONERA-CNES slot electron model[END_REF] all developed by ONERA. ESA has also funded the development of a series of models such as the Slot Region Radiation Environment Model [START_REF] Sandberg | Development and validation of the electron slot region radiation environment model[END_REF] for electrons in the slot region as well as internal charging models with the Flux Model for Internal Charging [START_REF] Rodgers | The FLUMIC electron environment model[END_REF] and the Model of Outer Belt Electrons for Dielectric Internal Charging (MOBE-DIC) [START_REF] Hands | A new model of outer belt electrons for dielectric internal charging (MOBE-DIC)[END_REF].

However, all of these models do not take into account both the short-term dynamics (a few weeks or months) and the longterm dynamics (solar cycle) of the radiation belts. On the other hand, in recent years, a new generation of models based on machine learning has emerged, such as MERLIN model (Medium Energy electRon fLux In Earth's outer radiatioN belt) [START_REF] Smirnov | Medium energy electron flux in earths outer radiation belt (MERLIN): A machine learning model[END_REF] or the radiation belt model including semi-annual variation and Solar Driving (Sentinel) [START_REF] Katsavrias | Radiation belt model including semiannual variation and solar driving (Sentinel)[END_REF], to better model the variability of the radiation belts at short timescale. However, while these models can reproduce the dynamics and variability of the radiation belts, they cannot be directly used as an environment specification for most end users who require either missionaveraged or worst-case fluxes specifications.

Moreover, stochastic models for specifying the spatial environment are a good way to account for measurement uncertainties and the variability of the environment. ONERA, in particular, has recently developed the OMEP-EOR (Onera Medium Energy Proton -Electric Orbit Raising) statistical model [START_REF] Hands | A new model of outer belt electrons for dielectric internal charging (MOBE-DIC)[END_REF] for evaluating the degradation of solar generators during an EOR commissioning, allowing the rapid dynamics of radiation belts to be taken into account. To extend these methods to the global specification of the spatial radiation environment, it is necessary to model the dynamics of the system at different time scales. For this, we propose to focus on the study of 1-10 MeV protons in low orbit, where quality measurements are available over very long periods. This will allow us to estimate the effects of long-term dynamics on the specification model compared to the existing model based on data from the last solar cycle. We will then validate the methodology on the dynamics of electrons at the level of the [START_REF] Sicard-Piet | A new international geostationary electron model: IGE-2006, from 1 keV to 5.2 MeV[END_REF] GEO orbit, which will also allow us to compare the results with the IGE-2006 [START_REF] Sicard-Piet | A new international geostationary electron model: IGE-2006, from 1 keV to 5.2 MeV[END_REF] model integrated in the GREEN model [START_REF] Sicard | GREEN: the new Global Radiation Earth ENvironment model (beta version)[END_REF] [6] [START_REF] Sicard | GREEN Upper Envelop model for energetic electrons[END_REF].

II. DATA USED IN LEO

A. Description of the data

First, it is essential to have a database over a very long period to be able to study the effects of the solar cycle on the radiation belts dynamics. The study being in a first step The proton fluxes from this energy range are unidirectional fluxes. There are, in fact, two measurements, one made approximately parallel to the magnetic field (0° detector) and the other approximately perpendicular to the magnetic field (90° detector). In this study, we have only considered the measurements made at 90°, since only these measurements make it possible to observe the trapped particles of the radiation belts. Measurements at 0° make it possible to observe the particles which precipitate in the atmosphere.

B. Data cleaning

NOAA-POES data are of good quality, but it is necessary to analyze them in detail to eliminate few bad data. Fig. 2 shows unidirectional flux measured by the 0.8-2.5 MeV proton range on SEM2 from July 1998 to December 2020 for, from bottom to top, NOAA-POES-15, NOAA-POES-16, NOAA-POES-17, NOAA-POES-18, and NOAA-POES-19. We first observe that this energy range is contaminated by high energy protons (several hundreds of MeV) in the inner belt, for L* < 1.9 (L* is a parameter from Roederer [START_REF] Roederer | Trapped Particle Distributions and Flux Mapping[END_REF] that defined the magnetic field line and the drift shell of the particles trapped in the magnetic field). This contamination is well known as very high energy protons (several hundreds of MeV) in the inner belt can penetrate easily the monitor in any direction. Thus, it is very difficult to measure electrons or low energy protons in the inner belt. We therefore filtered all data below L*=1.9 and the data in the SAA will not be usable. On the other hand, we also observe in Fig. 2, in particular at the end of the middle panel representing NOAA-POES-17, sporadic high flux, with no physical meaning. This kind of data, existing on each spacecraft, have also been filtered from the dataset. Table I shows the threshold value [cm -2.s -1.sr -1.MeV -1] above which the measurements are considered bad for the 0.8-2.5 MeV on each NOAA-POES spacecraft with SEM2. Those thresholds are defined manually for each satellite after a detailed analysis of the flux in order not to filter out too much data. In the case of SEM data, filters are the same as for SEM2 data such as contamination by very high-energy protons for L*<1.9 and sporadic very high flux. Fig. 3 represents the measurements of the 0.8-2.5 MeV 90° range for all the satellites having SEM on board. The bad data points have been filtered and removed from the dataset. Table II shows the threshold value [cm -2 .s -1 .sr -1 .MeV -1 ] above which the measurements are considered bad for the 0.8-2.5 MeV on each NOAA-POES spacecraft with SEM. We also notice in Fig. 3 that the 0.8-2.5 MeV range of NOAA-POES-14 does not seem to see protons from radiation belts unlike the other satellites. We will therefore not use this spacecraft for the rest of the study since it is not essential to have a full period of time between 1979 and today. and at a given pitch-angle, chosen to be the pitch angle that statistically gives the strongest flux at the given L*. We first observe the modulation of the proton flux according to the solar cycle with a maximum flux in solar minimum. We can also notice that the measurements of the different NOAA-POES satellites are consistent with each other at this L* value. This is why we focus on this L* value to assess the feasibility of developing a stochastic specification model for radiation belt protons. 

III. MODEL AT LEO

A. Model development

This new model is based on the developments made for the OMEP-EOR model [START_REF] Hands | A new model of outer belt electrons for dielectric internal charging (MOBE-DIC)[END_REF], improving it to take into account long time scales.

Similar to the OMEP-EOR model, we build our model from the average daily fluxes observed. The distribution of these fluxes is presented in Fig. 5. We model this distribution by a log-normal law, presented in orange in the same figure. We note that this model is particularly good in the distribution tail. Formally, we model the proton flux as a stochastic process F=exp(X), where X is a Gaussian process with mean μ and time-invariant kernel K(X(t 1 ),X(t 2 ))=Cov(t 2 -t 1 ). To choose this covariance kernel, we present in blue in Fig. 6 the temporal covariance observed in the measurements, as a function of the time interval ΔT=|t 2 -t 1 |. The time covariance model used in the OMEP model was a square exponential:

𝐶𝐶𝐶𝐶𝑣𝑣 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 (𝛥𝛥𝛥𝛥) = 𝜎𝜎 2 𝑒𝑒𝑒𝑒𝑒𝑒 �- 𝛥𝛥𝑇𝑇 2 𝜏𝜏 2 � (1)
By fitting the (σ 2 ,τ) parameters on the observations, we obtain the green curve in Fig. 6. There are two main problems:

• The OMEP covariance model is too steep to approximate observations at short time scales. • The model, strictly positive and monotonous, does not make it possible to represent the oscillations caused by the effect of the solar cycle, and, in particular, the negative covariances during the opposing phases of the cycle. To overcome these two problems, we propose, on the one hand, to modify the short-term model by a simple exponential model (of the Ornstein-Uhlenbeck type, less steep than the square exponential), and, on the other hand, to add a periodic term to represent the dynamics at the time scale of the solar cycle. We get the following model:

𝐶𝐶𝐶𝐶𝑣𝑣(𝛥𝛥𝛥𝛥) = 𝜎𝜎 2 �𝛼𝛼 𝑒𝑒𝑒𝑒𝑒𝑒 �- |𝛥𝛥𝑇𝑇| 𝜏𝜏 � + (1 -𝛼𝛼) 𝑐𝑐𝐶𝐶𝑐𝑐 �2𝜋𝜋 𝛥𝛥𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇 �� (2)
With the following parameters:

• σ 2 : the variance of the natural logarithm of the instantaneous flux (here, 1.27) • α: a mixing coefficient between the short-and longterm components (here, 0.66) • τ: the characteristic duration of short-term temporal correlation (here, 316 days) • T sc : the duration of the solar cycle (here, 3887 days)

The values indicated in parentheses correspond to the fit performed on the data. The model obtained is plotted in orange in Fig. 6. It can be seen that the new model makes it possible to resolve the two problems of the OMEP-EOR model mentioned above. We note the following results on the instantaneous distribution:

𝐸𝐸[𝐹𝐹] = 𝑒𝑒𝑒𝑒𝑒𝑒 �𝜇𝜇 + 1 2 𝜎𝜎 2 � (3) 𝑉𝑉𝑉𝑉𝑉𝑉[𝐹𝐹] = 𝐸𝐸[𝐹𝐹] 2 (𝑒𝑒𝑒𝑒𝑒𝑒(𝜎𝜎 2 ) -1) (4)
From this model, similar to what was done for OMEP, it is possible to analytically construct the distribution of the time average 𝐹𝐹 𝑇𝑇 of the flux over a period T. We define:

𝐹𝐹 𝑇𝑇 = 1 𝑇𝑇 ∫ 𝐹𝐹 𝑑𝑑𝑑𝑑 𝑇𝑇 0 (5)
We then have 𝐸𝐸[𝐹𝐹 𝑇𝑇 ] = 𝐸𝐸[𝐹𝐹], and we can calculate the variance:

𝑉𝑉𝑉𝑉𝑉𝑉[𝐹𝐹 𝑇𝑇 ] = 1 𝑇𝑇 2 ∫ ∫ 𝐸𝐸[𝐹𝐹] 2 �e 𝐶𝐶𝐶𝐶𝐶𝐶(𝑡𝑡 2 -𝑡𝑡 1 ) -1�𝑑𝑑𝑑𝑑 2 𝑑𝑑𝑑𝑑 1 𝑇𝑇 0 𝑇𝑇 0 (6)
As there is no analytical solution to this integral for complex forms of the chosen covariance function, and since the time covariance is always small, we choose to linearize the exponential under the integral:

𝑉𝑉𝑉𝑉𝑉𝑉[𝐹𝐹 𝑇𝑇 ] ≈ 1 𝑇𝑇 2 ∫ ∫ 𝐸𝐸[𝐹𝐹] 2 (Cov(t 2 -t 1 ))𝑑𝑑𝑑𝑑 2 𝑑𝑑𝑑𝑑 1 𝑇𝑇 0 𝑇𝑇 0 (7)
and we get after development:

𝑉𝑉𝑉𝑉𝑉𝑉[𝐹𝐹 𝑇𝑇 ] = 𝐸𝐸[𝐹𝐹] 2 𝜎𝜎 2 [𝛼𝛼 𝑉𝑉 𝑇𝑇𝑡𝑡 + (1 -𝛼𝛼)𝑉𝑉 𝑇𝑇𝑇𝑇 ] (8) 𝑉𝑉 𝑇𝑇𝑡𝑡 = 2𝜏𝜏 𝑇𝑇 2 �𝛥𝛥 -𝜏𝜏 �1 -exp �- 𝑇𝑇 𝜏𝜏 ��� (9) 
𝑉𝑉 𝑇𝑇𝑇𝑇 = 2 � 𝑇𝑇 𝑠𝑠𝑠𝑠 2𝜋𝜋𝑇𝑇 � 2 �1 -cos �2𝜋𝜋 𝑇𝑇 𝑇𝑇 𝑠𝑠𝑠𝑠 �� (10) 
We note that, in [START_REF] Hands | A new model of outer belt electrons for dielectric internal charging (MOBE-DIC)[END_REF], a different formula for the 𝐹𝐹 𝑇𝑇 variance was obtained, because the logarithm of the flux was averaged instead of the flux itself, yielding a somewhat incorrect formula. While it does not majorly change the model results, the OMEP-EOR results presented in this paper were computed following [START_REF] Sicard | GREEN Upper Envelop model for energetic electrons[END_REF].

From these two first moments of the 𝐹𝐹 𝑇𝑇 distribution, we fit a lognormal distribution for the average flux, using the so-called Fenton-Wilkinson approximation [START_REF] Fenton | The sum of log-normal probability distributions in scatter transmission systems[END_REF]. We note that, since only the first two moments of the distribution are used, this approximation is expected to be less precise in the tails of the distribution, and, in particular, for high percentiles. Other approximations using higher order moments could be investigated in the future to better fit the tail of this distribution.

Thus, we have built, from the four parameters defined previously, a complete temporal model allowing us to estimate the statistical distribution of the temporal average of the flux over an arbitrary period. Fig. 7 presents the distribution obtained, according to the period T and compares it to the distributions observed in the data as well as to the OMEP-EOR type model.

It is observed that the new model, compared to the OMEP-EOR type model, manages to reproduce the distributions observed in the measurements much better. Taking into account the dynamics at the scale of the solar cycle makes it possible to accelerate the convergence of the different percentiles towards the mean for values of T between 100 and 3000 days. 

B. Comparison with existing model

Before comparing the results of the dynamic model with existing models, it is important to remember several important things:

• This study is a feasibility study and the model is therefore reduced to an energy range 0.8-2.5 MeV and an L*: L*~3.5 (3.45<L*<3.55) at the LEO. • The data used to develop this model are the unidirectional fluxes measured by the various NPOES satellites between 1979 and 2020 while the existing models produce omnidirectional fluxes. • The most important thing in the comparison with existing models is not really the value of the flux in absolute terms but rather the variance of the flux.

Knowing that the existing models, such as, AP8 [START_REF] Sawyer | AP-8 trapped proton environment for solar maximum and solar minimum[END_REF], AP9 [START_REF] O'brien | Changes in AE9/AP9-IRENE Version 1.5[END_REF], and GREEN [START_REF] Sicard | GREEN: the new Global Radiation Earth ENvironment model (beta version)[END_REF] are omnidirectional flux models, it is imperative at first to reduce the unidirectional flux of the new model to omnidirectional fluxes in order to be able to compare a little better. Recall that the NOAA-POES fluxes used to make the model are fluxes at a given pitch-angle, chosen to be the pitch angle that statistically gives the strongest flux at L*=3.5. Fig. 9 represents the unidirectional 0.8-2.5 MeV proton fluxes at L*=3.5 from the NOAA-POES data selected to make the model, as a function of time. The mean unidirectional flux is also represented and is equal to 5.25 10 2 cm -2 .s -1 .sr -1 .MeV -1 . On the other hand, it is possible to plot the average NOAA-POES proton flux at L*=3.5 as a function of the local pitch angle (Fig. 10). The pitch angle distribution is quite unexplained with a maximum flux near cos(α local )=0.05 and a second maximum near 0.35. This pitch angle distribution may be due to the small number of points used to obtain the curve or the combination of data from several spacecraft. However, this pitch angle distribution does not question the model but is just used to estimate the flux anisotropy in order to compare with existing models.

From this curve, we can deduce a first approximation of the omnidirectional flux resulting from this data. Indeed, the omnidirectional flux represents the integral of the curve of Fig. 10, that is to say, 1.72 10 2 cm -2 .s -1 .sr -1 .MeV -1 . The fluxes selected to make the model are the fluxes corresponding to the maximum of this curve (Fig. 10). It is, therefore, quickly understood that the unidirectional flux resulting from the new model is much stronger than the omnidirectional flux, the anisotropy being very important at the LEO orbit. According to this quick calculation, there is a ratio of 5.25 10 2 / 1.72 10 2 = 3.06 between the unidirectional flux that we used to make the model and an omnidirectional flux. Therefore, in the following figures on the comparison of the new dynamic model with the existing models, the results of the dynamic model will be divided by this factor. Fig. 11 represents the distribution of the 0.8-2.5 MeV proton flux (omnidirectional) resulting from the new dynamic model for mission duration of 6 months, 1 year, and 11 years, in blue, according to the percentiles. Fluxes from existing models are also plotted, in black for AP8 Min, in green for AP9 Mean V1.5 and AP9 V1.5 with percentiles (dotted line) and in red for GREEN V4.2. We first notice that the results of the new dynamic model are highly variable depending on the duration of the mission, in particular, between the 6 months and 1 year cases and 11 years case. Over a mission duration of 11 years, we approach an average flux, comparable to the fluxes resulting from existing models. We, therefore, observe the advantage of a dynamic model that takes into account the distribution of flux over a given mission duration. The more the mission duration increases, the more the flux dynamics is weak and approaches an average flux. In the case of the existing models, the flux is the same regardless of the duration of the mission because the models do not depend on the year of the solar cycle. It can be noted that for a mission of 6 months or 1 year, the new model with a 75% percentile corresponds approximately to the fluxes from the AP8, the AP9 Mean, and the GREEN models. We can also observe that fluxes from the new model for mission duration of 11 years are very close to fluxes provided by the AP9 percentile model.

We cannot go much further with these results, which as mentioned before, are only valid for the LEO orbit at L*=3.5 and for protons of 0.8-2.5 MeV. However, the technique used to develop this model can be applied to other orbits and other energies. This is what we will check in the next part of this paper. 

IV. MODEL AT GEO

In this part, we verify that the technique used to develop the dynamic model at the LEO orbit is also applicable at a different point of the radiation belts. We have chosen to apply it to the case of electrons in a GEO orbit, for which we have extensive available measurements. For this orbit, we decided to use the data from the LANL (Los Alamos National Laboratory) satellites and, more precisely, the measurements of omnidirectional fluxes of 100 keV electrons from the SOPA (Synchronous Orbit Particle Analyzer) instrument [START_REF] Belian | High-Z energetic particles at geosynchronous orbit during the great solar proton event of October 1989[END_REF]. These data are available from 1990 to 2008 with several spacecraft: 1989-046, 1990-095, 1991-080, 1994-084, LANL-97A, LANL-01A, and LANL-02A. It is important to keep in mind that the spacecraft are not at the same longitude and that electron flux can be slightly different from one spacecraft to another but in this study, the dynamics of electron flux with longitude is not taken into account at all. Electron fluxes from all LANL spacecraft are linearly averaged. Fig. 12 presents the daily averages of omnidirectional 100 keV electron fluxes [cm -2 .s -1 .sr -1 .MeV -1 ] from LANL spacecraft at GEO between 1990 and 2008. Obviously, the data have been cleaned in terms of contamination, particularly during solar proton events, according to the data analysis procedure of PRBEM (Panel for Radiation Belt Environment Modeling) [22]. To illustrate the behavior of our new model on different dynamics, we tried to apply the multi-scale model presented previously to the case of electrons in GEO for 100 keV electrons. Fig. 13 presents the distributions of the average daily flux used to make the model. We note that we are close to a log-normal law, particularly for high flux values. We present the temporal covariances for this dataset in Fig. 14. We observe, as expected, a much lower importance of the solar cycle for electrons at this energy. In addition, we observe covariance peaks at 27 days (and the corresponding harmonics) due to the strong correlation of the GEO fluxes with the activity of the solar wind, which has a significant periodicity at 27 days because of the rotation of the sun. (in particular via the effect of CIR (Corotating Interaction Region)). These peaks are not modeled in our temporal model. It would be possible to integrate an additional component to model this effect (or to modify the short-term component to make it semi-periodic), but we consider these effects to be second order in the context of this study. 16 the log-variances predicted by the models and compared to the data. Overall, we note that our new model makes it possible to produce much better estimates of the distribution of average fluxes over periods beyond a hundred days. Thus, the methodology proposed to model the fluxes of protons in LEO seems to be generic enough to significantly improve the modeling of the fluxes of other species and at other orbits, which confirms us in the use of this method to develop a global model. and GREEN V4.2 Upper Envelop in red dotted lines. In the case of AE8 and AE9 Mean, there is no dependence on the solar cycle so no variation according to the percentiles. model are unsurprisingly higher than the dynamic model because the upper envelope is calculated from the maximum ratio between the maximum flux and the average flux whatever the year of the solar cycle, which tends to take a margin compared to the flux actually observed [START_REF] Sicard | GREEN Upper Envelop model for energetic electrons[END_REF] . • The dynamics of electron fluxes provided by the AE9 percentiles model is much higher than the dynamics of electron fluxes provided by our new model, which we cannot explain at the moment.

V. CONCLUSION

This study consisted of investigating the possibility of developing a statistical dynamic model of radiation belts, accounting for the dynamics at the various time scales from a few weeks to a full solar cycle. The case of protons in LEO was initially chosen since a very long database is available thanks to measurements from the NOAA-POES satellites.

These data were studied in detail and a long time period (1979-2020) of 0.8-2.5 MeV proton measurements was cleaned and used to develop a statistical dynamical model of protons at L*=3.5. Then, in a second step, the method used for protons in LEO was applied to electrons in GEO. The results are quite satisfactory and encouraging as to the possibility of using these mathematical methods to develop a dynamic statistical model of electrons and protons in radiation belts. However, it is important to remember that good quality data over a long period of time is essential to develop this kind of model. This is particularly difficult in the case of a global model covering the whole radiation belts, which would require long term datasets with extensive spatial coverage, either from measurements, simulation, or probably using both. Moreover, while it would be interesting to study the effect of the 28-day peaks mentioned above, we do not particularly note any gaps in the model at a few tens of days. It would perhaps be more interesting to seek to extend the methodology for distributions other than the log-normal law, which is not necessarily adapted to the different energies and positions in the radiation belts. 

Fig. 1

 1 Fig. 1 Temporal coverage of NOAA-POES data in LEO. The solid line satellites have the SEM instrument while the dotted line satellites have the SEM2 instrument on board.

Fig. 2

 2 Fig. 2 Unidirectional flux measured by the energy range 0.8-2.5 MeV 90° on SEM2 from July 1998 to December 2020 versus L*, for bottom to top : NOAA-POES-15, NOAA-POES-16, NOAA-POES-17, NOAA-POES-18 and NOAA-POES-19.

Fig. 3

 3 Fig. 3 Unidirectional flux measured by the energy range 0.8-2.5 MeV 90° on SEM from January 1979 to December 2004 versus L*, for bottom to top : NOAA-POES-06, NOAA-POES-07, NOAA-POES-08, NOAA-POES-10, NOAA-POES-12, and NOAA-POES-14.

Fig. 4

 4 Fig. 4 Monthly averages of proton fluxes in the 0.8-2.5 MeV (90°) range from the NOAA-POES-06, NOAA-POES-07, NOAA-POES-08, NOAA-POES-10, NOAA-POES-12 and NOAA-POES-15 satellites as a function of time for L*=3.5.

Fig. 5

 5 Fig. 5 Distribution of observed proton fluxes (blue), and log-normal model used (orange).
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Fig. 6

 6 Fig. 6 Temporal covariance of proton flux. In blue, the observations. In green the OMEP-EOR model, and in orange the new model.

Fig. 7

 7 Fig. 7 Distributions of the temporal average of the proton flux as a function of the period considered. In blue the observations, in green the OMEP-EOR model, in orange our new model. For each curve family, the 5th percentile and 95 th percentiles are presented in dashed lines, and the median values are presented in solid lines.

Fig. 8

 8 Fig.8presents the evolution of the variance of the logarithm of the mean flux as a function of the integration period, T. In this figure, the OMEP-EOR model and the new model do not stick at T=1 to the observations because of the fact that the measurements do not perfectly follow a lognormal distribution. Again, we observe that the new model manages to reproduce the variance observed in the measurements much better, in particular, from values of T greater than the year.

Fig. 8

 8 Fig. 8 Logarithm of variance of the natural logarithm of the mean flux over a period T as a function of the integration time T. In blue the observations, in green the OMEP-EOR model, in orange new model.

Fig. 9 1 .

 91 Fig. 9 Daily averages of unidirectional 0.8-2.5 MeV proton flux [cm -2.s -1.sr - 1 .MeV -1] from NOAA-POES at L*=3.5 for pitch-angle that statistically gives the strongest flux between 1979 and 2020.

Fig. 10

 10 Fig. 10 Average 0.8-2.5 MeV proton flux [cm -2 .s -1 .sr -1 .MeV -1 ] at L*=3.5 from NOAA-POES data between 1979 and 2020 as a function of local pitch angle.

Fig. 11

 11 Fig. 11 Omnidirectional 0.8-2.5 MeV proton flux [cm -2 .s -1 .sr -1 .MeV -1 ] versus percentiles from the new model and the existing ones.

Fig. 12

 12 Fig.[START_REF] Rodgers | The FLUMIC electron environment model[END_REF] Daily averages of omnidirectional differential 100 keV electron flux [cm -2 .s -1 .sr -1 .MeV-1 ] from LANL spacecraft at GEO between 1990 and 2008.

Fig. 13

 13 Fig. 13 Distributions of daily mean omnidirectional differential 100 keV electron fluxes and corresponding models.

Fig. 14

 14 Fig. 14 Observed and modeled temporal covariances for GEO 100keV electrons. In blue the observations, in green the OMEP-like model, in orange our new model.

Fig. 15

 15 Fig. 15 presents the evolution of the corresponding distributions and Fig. 16 the log-variances predicted by the

Fig. 15

 15 Fig. 15 Distributions of average omnidirectional differential 100 keV electron fluxes at GEO as a function of integration time. In blue the observations, in green the OMEP-like model, in orange our new model. For each curve family, the 5th percentile and 95 th percentiles are presented in dashed lines, and the median values are presented in solid lines.

Fig. 16

 16 Fig. 16 Variance of the logarithm of the mean omnidirectional differential flux of 100 keV electrons at GEO over a period T as a function of the integration time. In blue the observations, in green the OMEP-like model, in orange our new model.

Fig. 17

 17 Fig.17represents the distribution of the 100 keV electron fluxes of the dynamic model at GEO for mission duration of 1 year, according to the percentiles. Flux from existing models are also plotted: AE8 in black, AE9 Mean V1.5 in green, AE9 V1.5 percentiles in green dotted lines, GREEN V4.2 in red,

Fig. 17

 17 Fig. 17 100 keV electron flux [cm -2 .s -1 .MeV -1 ] from the dynamic model in GEO for a 1-year mission. In the case of the GREEN model, we observe a dynamic over a mission duration of 1 year since the model depends on the year of the solar cycle. This figure shows us several things: • The flux from the dynamic model is very close to the flux from the GREEN model. This is quite normal since at GEO the GREEN model is based on IGE-2006 developed from LANL data. The slight differences may be due to the different time periods used in IGE-2006 and in the new dynamic model. Indeed, in the case of IGE-2006, the period of the data for this energy was 1978-2005 (also using CPA data (Charged Particle Analyzer)), whereas, in the present case, we only used SOPA data from 1990 to 2008. • The flux from the AE8 and the AE9 models Mean V1.5 are slightly lower than those from the GREEN model and the new dynamic model. • The electron fluxes from the GREEN Upper Envelop model are unsurprisingly higher than the dynamic model because the upper envelope is calculated from the maximum ratio between the maximum flux and the average flux whatever the year of the solar cycle, which tends to take a margin compared to the flux actually observed [7] . • The dynamics of electron fluxes provided by the AE9 percentiles model is much higher than the dynamics of electron fluxes provided by our new model, which we cannot explain at the moment.

TABLE I THRESHOLD

 I VALUE [CM -2 .S -1 .SR -1 .MEV -1 ] ABOVE WHICH THE MEASUREMENTS ARE CONSIDERED BAD FOR SEM2 DATA

POES-15 POES-16 POES-17 POES-18 POES-19 0.8-2.5 MeV

  

	6.9 10 4	3 10 4	3.2 10 4	2.8 10 4	2 10 4

TABLE II THRESHOLD

 II VALUE [CM -2 .S -1 .SR -1 .MEV -1 ] ABOVE WHICH THE MEASUREMENTS ARE CONSIDERED BAD FOR SEM DATA

		POES-06	POES-07	POES-08	POES-10	POES-12	POES-14
	0.8-2.5 MeV	1 10 5	2.3 10 4	3.8 10 4	6 10 4	1 10 5	8 10 3
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