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Section 2.7 Space Physics and Space Weather at GFZ in APOGIEA

We can contribute to work packages 7 and 9. The following text details the introduction, including motivation and connection, tasks, and deliverables, budget and some references. Following we request a postdoc for each package. In WP 7, we add task 7.4 ( see below). In WP9, we add task 9.5 (see below).


Contribution to WP7: Effect of Astroparticles on Atmosphere and Climate 
Requested personnel for WP7 : 1 postdoctoral scholar for 3 year. 

Introduction
Energetic particles from space are known sources of nitric oxide in the auroral region of the upper mesosphere and lower thermosphere (80-140 km). During polar winter, auroral nitric oxide is transported down to the mid-stratosphere (30-45 km), with values varying with geomagnetic activity and the dynamical state of the atmosphere. Here, nitric oxide destroys ozone very efficiently; as ozone is one of the key species of radiative heating and cooling in the stratosphere, downward transport of auroral NOx into the stratosphere leads to changes in temperatures and wind fields that can propagate throughout the atmosphere and even affect tropospheric weather systems. Geomagnetic activity that controls the precipitation of magnetospheric particles is now recommended as part of the solar forcing of the climate system for model experiments. However, it is to date not clear which particles and at which energies can play the largest role. The most investigated so far is the effect of energetic electrons on the upper atmosphere (Randall et al., 2007; 2009; Sinnhueber et al., 2012; 2012; 2014: 2016; 2017). The complication of estimating the effect of the precipitating particles usually arises from the fact that measurements are sparse and the global models of the precipitating particle environment are not available. In this project we will utilize a range of ground and space measurements and models to develop maps of the precipitating particle environment and survey the observations of the upper atmospheric chemistry and study how atmospheric parameters may be correlated with our predictive maps of precipitation. 

Task 7.4 Effect of electron precipitation on the atmosphere. 
In this task we will quantify the precipitation of electrons into the atmosphere from the magnetosphere, using satellite data, state-of-the-art global models, and data-assimilation approaches. These precipitating populations affect the atmosphere, altering atmospheric chemistry, producing nitrous oxide, and potentially impacting the climate in the troposphere region. We will produce global maps of the precipitating electron content, under different geomagnetic conditions, and look for correlations between the precipitation and surveys of related measurements of atmospheric chemistry. Ultimately, we will investigate the feasibility of using precipitating electron populations as a proxy for changes in related atmospheric measurements.

Deliverable 7.4 Global maps of electron precipitation and correlations with surveys of different measurements of atmospheric chemistry

References WP7:

Randall C.E. et al. (2007) Energetic particle precipitation effects on the Southern Hemisphere stratosphere in 1992–2005. JGeophys Res 112. doi: 10.1029/2006JD007696

Randall C.E. et al. (2009) NOx descent in the Arctic middle atmosphere in early 2009. Geophys Res Lett 36.doi:10.1029/2009GL039706

Sinnhuber M. et al. (2011) Interannual variation of NOx from the lower thermosphere to the upper stratosphere in the years 1991-2005. J Geophys Res 116. doi: 10.1029/2010JA015825

Sinnhuber, M. et al. (2012) Energetic particle precipitation and the chemistry of the mesosphere / lower thermosphere, In: Crucial Processes Acting in the Mesosphere / Lower Thermosphere, editors E. Becker / M. Rycroft, SurveysinGeophysics 33, doi:10.1007/s10712-012-9201-3

Sinnhuber, M. et al. (2014) Variability of NOx in the polar middle atmosphere from October 2003 to March 2004: verticaltransport versus local production by energetic particles, Atmos. Chem. Phys., 14, 7681-7692.
Sinnhuber, M. et al. (2016) The response of mesospheric NO to geomagnetic forcing in 2002—2010 as seen by SCIAMACHY, Journal of geophysical research / Space physics, 121 (4), 3603-3620.

Sinnhuber, M. et al. (2018) NOy production, ozone loss and changes in net radiative heating due to energetic particle precipitation in 2002–2010, Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2017-514.























Contribution to WP 9: Heliophysical Particles and Machine Learning
Requested personnel : 1 postdoctoral scholar for 3 year. 

Introduction
Astrophysical particles may get trapped in the Earth’s Magnetosphere. Charged particles may also originate from ionsohere. There are a number of measurements of protons, electrons, heavy ions, Solar Energetic Protons, Galactic Cosmic Rays, as well as positrons. Astrophysical particles can also cause chains of particle generation and can be detected on the ground or on atmospheric balloons. These are mostly particles trapped by the Earth’s magnetic field. In collaboration with other groups of the consortium we will study which types of particles can be trapped in the Earth’s radiation belts, we will perform theoretical studies analysing the lifetimes of particles and which future instruments can detect such particles on Earth-orbiting satellites, atmospheric balloons or on the ground. We will explore measurements of heliophysical particles in space using data from different satellite missions and develop machine learning based models to monitor and now-cast the high energy particle environment.

Task 9.5 Heliophysical particles and machine learning
This task will explore measurements of heliophysical particles from multiple spacecraft, considering their temporal changes, and develop machine learning infrastructure to monitor and nowcast their evolution in the near-Earth space environment. We have access to particle measurements from GOES, POES, GPS, Van Allen Probes, HEO, CRRES, Polar and other satellites. These are mostly particles trapped by the Earth’s magnetic field. In collaboration with other groups of the consortium we will study which types of particles can be trapped in the Earth’s radiation belts. These high-energy particles can be dangerous to satellites and astronauts in the region. This task is related to cosmic rays, as cosmic rays pass through the heliosphere and where these particle measurements are taken.

Deliverable 9.5 A machine-learning model monitoring and now-casting the heliophysical particle environment 

Deliverable 9.6 Review of potential astrophysical particles that can be trapped by the Earth’s magnetosphere and those can damage satellites. Using this review to create a database of various measurements of particles in the magnetosphere. 

Connection with other tasks and work packages (WP):
This project has a clear synergy with the other tasks in WP7 as muons are produced by cosmic rays that can be detected in space and on the ground. Moreover, cosmic ray fluxes are modulated by solar activity. We also have a synergy with WP2 (Coordination of Large Astroparticle and Geoscience Infrastructures) in coordinating observation strategies as space observations can augment the ground and geophysical observations. We will also work with WP2 in achieving interoperability of data and data exchange and sharing. There is also a synergy on muon tomography. Collaboration with WP3 (Towards a roadmap of Astroparticle and Geoscience infrastructures) will be on augmenting the existing measurement infrastructure with space measurements and determining complementary investigations. Our investigation and discussions with WP5 (Multidisciplinary and global access to observational and data infrastructures) may result in developing new observational strategies based on the heritage of space physics observations and development of the next generation of observatories (Task 5.2 Multidisciplinary and global access to infrastructures). Furthermore, this task is highly relevant for WP9 (Data analytics and Machine Learning) as we use Machine Learning for our data analysis and consider using surogat models. We can also contribute to “stimulate the production of new standards for data analysis”. 

References WP9: 

Shprits Y. Y., R. Vasile, I. S. Zhelavskaya, (2019), Nowcasting and Predicting the Kp Index Using Historical Values and Real-Time Observations, Space Weather, 17, 1219-1229, doi:10.1029/2018SW002141

Zhelavskaya I. S., Y. Y. Shprits, M. Spasojević, (2017), Empirical Modeling of the Plasmasphere Dynamics Using Neural Networks, J. of Geophys. Res. [Space Physics], 122, 11,227-11,244, doi:10.1002/2017JA024406


Budget (Note that this is not GFZ budget, but a portion of GFZ budget for the  Section 2.7  Space Physics and Space Weather)
Funding for Staff
As we stated, we ask funding for two postdocs (PD) for three years each, one PD at EG13, and the other one at EG14 in case we want scope for a senior researcher, with two person months (PMs) of administrative support.
Travel, conference, publication
We request 4000 Euros for travel each year for the two PDs and two publications per year. 
Computer and Software
We request 15,000 Euros for infrastructure (computers, software, etc).

We request a grand total of 743,193.83 Euros. Details are shown in the following figure:

file_0.png

file_1.wmf














