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Neustrelitz Electron Density Model- NEDM2020
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Resolution (spatial/temporal) and latency of 
model runs, standard 'outputs'
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Diurnal, semi-diurnal, 

ter-diurnal variation

Annual, semi-annual 

variation

Geomagnetic latitude

variation

Equatorial anomaly

Solar cycle variation

𝐹1 = 𝑐𝑜𝑠𝜒∗∗∗ +
𝑐𝑜𝑠𝜒∗∗ 𝑘1𝑐𝑜𝑠𝑉𝐷 + 𝑘2𝑐𝑜𝑠𝑉𝑆𝐷 + 𝑘3𝑠𝑖𝑛𝑉𝑆𝐷 + 𝑘4𝑐𝑜𝑠𝑉𝑇𝐷 + 𝑘5𝑠𝑖𝑛𝑉𝑇𝐷

𝐹2 = 1 + 𝑘6𝑐𝑜𝑠 𝑉𝐴 + +𝑘7𝑐𝑜𝑠 𝑉𝑆𝐴

𝐹3 = 1 + 𝑘8𝑐𝑜𝑠 𝜑𝑚

𝐹4 = 1 + 𝑘9𝑒𝑥𝑝 𝐸𝐶1 + 𝑘10𝑒𝑥𝑝 𝐸𝐶2

𝐹5 = 𝑘11 + 𝑘12F10.7

TEC / NmF2 / hmF2 = 𝐹1 ∙ 𝐹2∙ 𝐹3 ∙ 𝐹4∙ 𝐹5

Driving parameter: F10.7

Input: user latitude, longitude, 
height, day of year, universal 
time

Spatial/temporal resolution:  
no interpolation, no limit

Output:  electron density Ne

Forecast only in terms of

F10.7

Each key parameter model has about 12/13 model coefficients, plasmasphere model has 40 
model coefficents and few fixed parameters



Ionosphere key parameters models
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Neustrelitz Total Electron Content 

Model (NTCM) [Jakowski et al. 2011, JoG]

Neustrelitz Peak Height Model (NPDM) 
[Hoque & Jakowski 2012, Ann. Geophy.]

Neustrelitz Peak Density Model 

(NPDM)
[Hoque and Jakowski 2011, Radio Sci.]

Neustrelitz 

plasmasphere model

(NPSM) [Jakowski & 

Hoque 2018, swsc]

Plasmasphere

density

Neustrelitz slab thickness model 

(NSTM) [Jakowski & Hoque 2021, swsc]



Neustrelitz Plasmasphere Model (NPSM)
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GNSS navigation data abroad CHAMP topside ionosphere /plasmasphere NPSM approach 

A high altitude part (blue curve) where
plasmaspheric processes related to
plasmapause and magnetosphere dominate
and a lower part (black curve) where
ionospheric coupling is taken into account.
The resultant plasmaspheric electron density
is represented by the red curve.

• GNSS navigation data from LEO satellites enable
the reconstruction of the 3D electron density
distribution of the topside ionosphere
/plasmasphere in the vicinity of the satellite orbit

Jakowski N. and M.M. Hoque (2018) A new electron density model of the plasmasphere
for operational applications and services, J. Space Weather Space Clim., 8, A16 



Neustrelitz Plasmasphere Model (NPSM)
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The NPSM approach consists of two parts, a high altitude part where plasmaspheric processes 

related to plasmapause and magnetosphere dominate and a lower part where ionospheric 

coupling is taken into account. 

lptp NeNeNe +=

High altitude part:
ms
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where parameters  Np0tp and Np0lp are the basic electron density for the high and lower altitude part, respectively, and

Hptp and Hplp are corresponding scale heights. The quantity RE is the earth’s radius, L is the McIllwain parameter, FPP

defines plasma pause location and its slope and Nms defines the electron density outside the plasmapause.



NEDM2020 formulations
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NeF

NeE

NeP

𝑁𝑒 ℎ = 𝑁𝑒𝐸 + 𝑁𝑒𝐹 + 𝑁𝑒𝑃

Plasmaspher

e

(> 1000 km)

F-layer

(140 – 1000 

km)

E-layer

(90 – 140 km)

𝑁𝑒𝐹 = 𝑁𝑚 ∙ 𝑒𝑥𝑝 0.5 1 − 𝑧 − 𝑒𝑥𝑝 −𝑧

𝑁𝑒𝐸 = 1.36 ∙ 𝑍𝐸 1 + 1.15𝑅∗ ∙ 𝐷𝐸 ∙ 𝑊𝐸

𝑍𝐸 = 𝑒𝑥𝑝 0.5 1 − 𝑧𝐸 − 𝑒𝑥𝑝 −𝑧𝐸

𝑁𝑒𝑃 = 𝑁𝑒𝑃𝐿 + 𝑁𝑒𝑃ℎ

𝑁𝑒𝑃𝐿 = 𝑁𝑒𝑃𝐿1 ∙ 𝑒𝑥𝑝
𝑅𝐸 1 − 𝐿

𝐻𝑃𝐿

𝑁𝑒𝑃ℎ = 𝑁𝑒𝑃ℎ0 ∙ 𝑒𝑥𝑝 −
ℎ

𝐻𝑃ℎ

Neustrelitz Electron Density Model- NEDM2020

Hoque, MM, N Jakowski, F. Prol (2022) A new climatological electron density model for supporting space weather 

services, Space Weather Space Climate, swsc200107, doi: 10.1051/swsc/2021044

Electron density,

Ching & Chiu (1973)



https://esc.pithia.eu/data-
collections/DataCollection_NEDM2020/api/
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https://esc.pithia.eu/data-
collections/DataCollection_NEDM2020/api/
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Interact with NEDM2020: ionosphere electron density model via API



Model validation against in-situ data from ICON  missions
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NEDM2020, NeQuick2
and IRI-2016 electron 
density mean variations 
with geographic latitude in 
comparison with ICON’s  
plasma density from the 
ion velocity meter (IVM) 
instrument [Hoque et al. 
2022, SWSC]. 

Comparison at ~575 km height

ICON has a low inclination of about 27°

Dec 2019

Jan 2020

May 2020



Model validation against in-situ data from DMSP missions
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NEDM2020, NeQuick2
and IRI-2016 electron 
density mean variations 
with geographic latitude 
in comparison with 
DMSP satellite in situ
data from the scintillation 
cup instrument [Hoque et 
al. 2022, SWSC]

Comparison at ~800 km 
height

Jan 2008

DMSP has sun-
synchronous near-polar 
orbit.

Jul 2008

Jan 2014

Jul 2014



Model validation against in-situ data from Van Allen 
probes
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Figures compare the 
performance of the 
NEDM2020 with the 
NeQuick2, IRI-Plas with 
respect to the reference in-situ 
data from RBSP-A (Radiation 
Belt Storm Probes) instrument 
of Van Allen Probes [Hoque 
et al. 2022]. 

IRI-Plas source: http://www.ionolab.org/

Due to flying at a very low inclination orbit of about 10° the Van 
Allen data only covers low latitude regions on both side of the 
equator. The data covers a large altitude range approximately 600 –
30,500 km for electron density.

Dec 2012

Jan 2014

Jul 2014

http://www.ionolab.org/


Model comparison against Swarm-A in-situ data

14

NEDM2020, NeQuick2
and IRI-2016 electron 
density mean variations 
with geographic latitude 
in comparison with 
Swarm-A  Langmuir 
Probe (LP) in situ data 
[Hoque et al. 2022, 
SWSC]

Comparison at ~460 
km height

Jan 2014

Jul 2014

Jan 2019

Jul 2019



Model comparison against COSMIC-1 NmF2 data
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NEDM2020, NeQuick2
and IRI-2016 electron 
density mean variations 
with geographic latitude 
in comparison with 
COSMIC-1 RO derived 
NmF2 data [Hoque et al. 
2022, SWSC]

2009

2010

2011

2012



Neustrelitz/ESOC PlasmaPause Model (NEPPM)
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ESA-ESOC: 

European Space 

Operations

Centre



Neustrelitz/ESOC PlasmaPause Model 
(NEPPM)
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

𝑀𝐿𝑇



𝑀𝐿𝑇 = 0h

Perigee,

 = 0°

Bulge/apogee,

 = 180°

𝑀𝐿𝑇 = 12h

Earth

𝑎 … semi-major axis,

𝑒 … eccentricity,

𝑥 … magnetic local time expressed in radians, i.e. 𝑥 =
𝜋

12 h
∙ 𝑀𝐿𝑇,

 … orientation angle to align the ellipse line of apsides

 = 0°, 180° to the bulge direction in the 𝑀𝐿𝑇 system,

𝐿𝑝𝑝 =
𝑎 ∙ 1 − 𝑒2

1 + 𝑒 ∙ cos 𝑥 + 

GCPM: 

Global 

Core 

Plasma 

Model



Summary
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▪ Neustrelitz Electron Density Model (NEDM2020) is developed aiming for supporting space weather services 
and mitigation of propagation errors for trans-ionospheric signals. 

▪ The model can provide electron concentration at any given location and time in the ionosphere for trans-
ionospheric applications (altitude range 80 – 20,000 km).

▪ NEDM2020 performs better than the NeQuick2, IRI when compared with the in-situ data from Van Allen 
Probes and ICON satellites. When compared with Swarm-A data NEDM2020, NeQuick2 and IRI perform very 
similarly.

o Any current users (academic/industry/government)? 
− IMPC (Ionosphere Monitoring and Prediction Center, https://impc.dlr.de), 

o Is the model available for others to use? 
− NEDM2020 is currently available via ESA project PITHIA-NFR

o Currently we are using NEDM2020 as a background model in data assimilation employing a 3D variational
approach

Comparison with IRI shows that there is a scope of improving IRI topside
ionosphere and plasmasphere by applying NEDM or corresponding

plasmasphere model to IRI topside!  

https://impc.dlr.de/
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Thank you!

Dr. M Mainul Hoque
email: Mainul.Hoque@dlr.de
Institute for Solar-Terrestrial Physics
German Aerospace Center (DLR)
http://www.DLR.de/so
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