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characterisation of IoNospheric TurbulENce level by Swarm constellation




To study the scaling features of the magnetic field fluctuations and its 
dependence on the IMF orientation at scales between 10 km and 300 km in the 
polar regions in order to get information about the role of turbulence in the 
ionosphere and in the ionosphere-magnetosphere coupling.  

The study is based on ESA Swarm constellation measurements in the F region 
of the ionosphere and the results are presented in terms of climatological 
(statistical) maps.
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Turbulence is ubiquitous in astrophysical and space plasma media, as well as in 
magnetospheric and ionospheric ones. 

Turbulence plays a crucial role in fluids, plasmas and transport processes, and 
is responsible for the generation of multiscale coherent structures. 

In ionospheric plasmas the study of turbulence 
might play a special role to understand several 
processes, such as the ionospheric heating 
and the formation of plasma structures 
affecting the medium homogeneity and having 
a relevant impact on telecommunication, 
Global Positioning System (GPS), Geographic 
Information System (GIS), and Global 
Navigation Satellite System (GNSS) to list just 
a few examples of technologies.
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From Kintner and Seyler, SSR, 41, 91, 1985

from Tam et al., GRL, 2005
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This study is based on 1Hz in-situ measurements of magnetic field by ESA-
Swarm constellation, Swarm A and C, over a period of 4 years from 04/2014 to 
03/2018. 

We consider in our analysis only the magnetic field of external origin by 
removing the geomagnetic field using CHAOS 6 model (Finlay et al, 2016) up to 
110° order of the spherical harmonics expansion.
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One of the peculiar features of turbulence is to display scale invariance, i.e., an 
intrinsic (statistical) self-similarity (and self-affinity of signals), which manifests in 
the time series of associated physical quantities (velocity, magnetic field, plasma 
parameters, etc.).  

This property implies that several quantities, such as for instance the structure 
functions, scale according to a power law:

Sq(�) = h| x(~r + � · n̂)� x(~r) |qi ⇠ ��(q)
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Here, we investigate both the first-order scaling exponent ( ) and the 
second-order one ( ), which provide information on the 
persistence of fluctuations (increments) and its spectral features. 

We used the DSFA (Detrended Structure Function Analysis) [De Michelis et al., 
GRL 2015] which is a suitable method for evaluating local scaling exponents.

γ(1) ≡ H
γ(2) → β = γ(2) + 1
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Summarizing our results we can observe  

1) The fluctuations are strongly anisotropic (2D) and the scaling features are 
consistently anisotropic too. 

2) Magnetic field component parallel to the main field shows persistent 
fluctuations, whose persistency character increases in the FAC regions 
under negative Bz conditions. The spectral features are characterized by a 
spectral exponent . 

3) The fluctuations perpendicular to the main field, although mainly persistent, 
, are characterized by spectral exponents , i.e., less 

steeper than the parallel one. Furthermore, on the dayside noon sector an 
anti-persistent character and spectral features more similar to those 
expected for a 2D HD/MHD turbulence are observed.

β ∼ 3

γ(1) > 0.5 β ∼ 2.0 − 2.4
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The observed features could be due to the occurrence of electrostatic 
turbulence in a low-  plasma (Kintner and Seyler, 1985)β

v =
E⇥B

B2
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or due to multiscale coherent turbulent structures in the form of flux tubes in the 
region of FACs, which are expected to be filamentary structures. (Chang et al., 
2005)

B = ez ⇥r +B0ez ! B = (�Bx, �By, B0)
<latexit sha1_base64="0mjCTAE0NyMkbSj5bf0HzJvaCFA="></latexit><latexit sha1_base64="0mjCTAE0NyMkbSj5bf0HzJvaCFA="></latexit><latexit sha1_base64="0mjCTAE0NyMkbSj5bf0HzJvaCFA="></latexit><latexit sha1_base64="0mjCTAE0NyMkbSj5bf0HzJvaCFA="></latexit>

B0
@Jz
@z

= �
✓
�Bx

@

@x
+ �By

@

@y

◆
Jz + ....

(�Bx, �By) =

✓
@ 

@y
,�@ 

@x

◆

r ·B = 0

r · J ⇠ 0
<latexit sha1_base64="hH887ueIK93oA90xOTMLVgpS1pU=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSB4CrsimGPAi3iKYB6QDaF30olDZmeXmV4hhJz8BL/Cq568iVe/wIP/4m7cgybWqajqpqsriJW05LqfztLyyuraemGjuLm1vbNb2ttv2igxAhsiUpFpB2BRSY0NkqSwHRuEMFDYCkaXmd+6R2NlpG9pHGM3hKGWAymAUqlXOvI1BAq4L/oRcT8EugsG/Jr7Vobc7ZXKbsWdgS8SLydllqPeK335/UgkIWoSCqzteG5M3QkYkkLhtOgnFmMQIxhiJ6UaQrTdyeyNKT9JLFDEYzRcKj4T8ffGBEJrx2GQTmY57byXif95nYQG1e5E6jgh1CI7RFLh7JAVRqb9IO9Lg0SQJUcuNRdggAiN5CBEKiZpYcW0D2/++0XSPKt4bsW7OS/XqnkzBXbIjtkp89gFq7ErVmcNJtgDe2LP7MV5dF6dN+f9Z3TJyXcO2B84H99b8Zw1</latexit><latexit sha1_base64="hH887ueIK93oA90xOTMLVgpS1pU=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSB4CrsimGPAi3iKYB6QDaF30olDZmeXmV4hhJz8BL/Cq568iVe/wIP/4m7cgybWqajqpqsriJW05LqfztLyyuraemGjuLm1vbNb2ttv2igxAhsiUpFpB2BRSY0NkqSwHRuEMFDYCkaXmd+6R2NlpG9pHGM3hKGWAymAUqlXOvI1BAq4L/oRcT8EugsG/Jr7Vobc7ZXKbsWdgS8SLydllqPeK335/UgkIWoSCqzteG5M3QkYkkLhtOgnFmMQIxhiJ6UaQrTdyeyNKT9JLFDEYzRcKj4T8ffGBEJrx2GQTmY57byXif95nYQG1e5E6jgh1CI7RFLh7JAVRqb9IO9Lg0SQJUcuNRdggAiN5CBEKiZpYcW0D2/++0XSPKt4bsW7OS/XqnkzBXbIjtkp89gFq7ErVmcNJtgDe2LP7MV5dF6dN+f9Z3TJyXcO2B84H99b8Zw1</latexit><latexit sha1_base64="hH887ueIK93oA90xOTMLVgpS1pU=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSB4CrsimGPAi3iKYB6QDaF30olDZmeXmV4hhJz8BL/Cq568iVe/wIP/4m7cgybWqajqpqsriJW05LqfztLyyuraemGjuLm1vbNb2ttv2igxAhsiUpFpB2BRSY0NkqSwHRuEMFDYCkaXmd+6R2NlpG9pHGM3hKGWAymAUqlXOvI1BAq4L/oRcT8EugsG/Jr7Vobc7ZXKbsWdgS8SLydllqPeK335/UgkIWoSCqzteG5M3QkYkkLhtOgnFmMQIxhiJ6UaQrTdyeyNKT9JLFDEYzRcKj4T8ffGBEJrx2GQTmY57byXif95nYQG1e5E6jgh1CI7RFLh7JAVRqb9IO9Lg0SQJUcuNRdggAiN5CBEKiZpYcW0D2/++0XSPKt4bsW7OS/XqnkzBXbIjtkp89gFq7ErVmcNJtgDe2LP7MV5dF6dN+f9Z3TJyXcO2B84H99b8Zw1</latexit><latexit sha1_base64="hH887ueIK93oA90xOTMLVgpS1pU=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSB4CrsimGPAi3iKYB6QDaF30olDZmeXmV4hhJz8BL/Cq568iVe/wIP/4m7cgybWqajqpqsriJW05LqfztLyyuraemGjuLm1vbNb2ttv2igxAhsiUpFpB2BRSY0NkqSwHRuEMFDYCkaXmd+6R2NlpG9pHGM3hKGWAymAUqlXOvI1BAq4L/oRcT8EugsG/Jr7Vobc7ZXKbsWdgS8SLydllqPeK335/UgkIWoSCqzteG5M3QkYkkLhtOgnFmMQIxhiJ6UaQrTdyeyNKT9JLFDEYzRcKj4T8ffGBEJrx2GQTmY57byXif95nYQG1e5E6jgh1CI7RFLh7JAVRqb9IO9Lg0SQJUcuNRdggAiN5CBEKiZpYcW0D2/++0XSPKt4bsW7OS/XqnkzBXbIjtkp89gFq7ErVmcNJtgDe2LP7MV5dF6dN+f9Z3TJyXcO2B84H99b8Zw1</latexit>

J⇥B ⇠ 0
<latexit sha1_base64="N3zesj8YDLOiVcMwZT5o7e43Cww=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsimDJoI1YRzAOyS5id3MQhsw9m7gohpPUT/ApbrezE1t7Cf3F2XUQTT3U4517OvSdIpNDoOB9WaWl5ZXWtvF7Z2Nza3rF399o6ThWHFo9lrLoB0yBFBC0UKKGbKGBhIKETjC8yv3MHSos4usFJAn7IRpEYCs7QSH2beiHD22BIr6iHIgT9I5x7WoTU6dtVp+bkoIvELUiVFGj27U9vEPM0hAi5ZFr3XCdBf8oUCi5hVvFSDQnjYzaCnqERM6H+NP9kRo9SzTCmCSgqJM1F+L0xZaHWkzAwk9mZet7LxP+8XorDuj8VUZIiRDwLQiEhD9JcCVMR0IFQgMiyy4GKiHKmGCIoQRnnRkxNZxXThzv//SJpn9Rcp+Zen1Yb9aKZMjkgh+SYuOSMNMglaZIW4eSePJIn8mw9WC/Wq/X2PVqyip198gfW+xfCQ52B</latexit><latexit sha1_base64="N3zesj8YDLOiVcMwZT5o7e43Cww=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsimDJoI1YRzAOyS5id3MQhsw9m7gohpPUT/ApbrezE1t7Cf3F2XUQTT3U4517OvSdIpNDoOB9WaWl5ZXWtvF7Z2Nza3rF399o6ThWHFo9lrLoB0yBFBC0UKKGbKGBhIKETjC8yv3MHSos4usFJAn7IRpEYCs7QSH2beiHD22BIr6iHIgT9I5x7WoTU6dtVp+bkoIvELUiVFGj27U9vEPM0hAi5ZFr3XCdBf8oUCi5hVvFSDQnjYzaCnqERM6H+NP9kRo9SzTCmCSgqJM1F+L0xZaHWkzAwk9mZet7LxP+8XorDuj8VUZIiRDwLQiEhD9JcCVMR0IFQgMiyy4GKiHKmGCIoQRnnRkxNZxXThzv//SJpn9Rcp+Zen1Yb9aKZMjkgh+SYuOSMNMglaZIW4eSePJIn8mw9WC/Wq/X2PVqyip198gfW+xfCQ52B</latexit><latexit sha1_base64="N3zesj8YDLOiVcMwZT5o7e43Cww=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsimDJoI1YRzAOyS5id3MQhsw9m7gohpPUT/ApbrezE1t7Cf3F2XUQTT3U4517OvSdIpNDoOB9WaWl5ZXWtvF7Z2Nza3rF399o6ThWHFo9lrLoB0yBFBC0UKKGbKGBhIKETjC8yv3MHSos4usFJAn7IRpEYCs7QSH2beiHD22BIr6iHIgT9I5x7WoTU6dtVp+bkoIvELUiVFGj27U9vEPM0hAi5ZFr3XCdBf8oUCi5hVvFSDQnjYzaCnqERM6H+NP9kRo9SzTCmCSgqJM1F+L0xZaHWkzAwk9mZet7LxP+8XorDuj8VUZIiRDwLQiEhD9JcCVMR0IFQgMiyy4GKiHKmGCIoQRnnRkxNZxXThzv//SJpn9Rcp+Zen1Yb9aKZMjkgh+SYuOSMNMglaZIW4eSePJIn8mw9WC/Wq/X2PVqyip198gfW+xfCQ52B</latexit><latexit sha1_base64="N3zesj8YDLOiVcMwZT5o7e43Cww=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsimDJoI1YRzAOyS5id3MQhsw9m7gohpPUT/ApbrezE1t7Cf3F2XUQTT3U4517OvSdIpNDoOB9WaWl5ZXWtvF7Z2Nza3rF399o6ThWHFo9lrLoB0yBFBC0UKKGbKGBhIKETjC8yv3MHSos4usFJAn7IRpEYCs7QSH2beiHD22BIr6iHIgT9I5x7WoTU6dtVp+bkoIvELUiVFGj27U9vEPM0hAi5ZFr3XCdBf8oUCi5hVvFSDQnjYzaCnqERM6H+NP9kRo9SzTCmCSgqJM1F+L0xZaHWkzAwk9mZet7LxP+8XorDuj8VUZIiRDwLQiEhD9JcCVMR0IFQgMiyy4GKiHKmGCIoQRnnRkxNZxXThzv//SJpn9Rcp+Zen1Yb9aKZMjkgh+SYuOSMNMglaZIW4eSePJIn8mw9WC/Wq/X2PVqyip198gfW+xfCQ52B</latexit>

B ·rJz ' 0
<latexit sha1_base64="UtikFX2CqsZPe8y8Q0F7xQa+kFk=">AAACF3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUEDaIKEnlIcRStL5twyvls7tZIIcoH8Al8BS1UdIiWkoJ/wQ4pIGGq0cysdneCWElLrvvpLCwuLa+s5tby6xubW9uFnd26jRIjsCYiFZlmABaV1FgjSQqbsUEIA4WNYHCe+Y07NFZG+pqGMbZD6GvZkwIolTqFoh8C3QQ9fsZ90Y2I+xoCBfyyc899K0O85W6ackvuBHyeeFNSZFNUO4UvvxuJJERNQoG1Lc+NqT0CQ1IoHOf9xGIMYgB9bKVUQ4i2PZo8M+aHiQWKeIyGS8UnIv6eGEFo7TAM0mR2up31MvE/r5VQr9weSR0nhFpki0gqnCyywsi0JeRdaZAIssuRS80FGCBCIzkIkYpJWls+7cOb/X6e1I9Lnlvyrk6KlfK0mRzbZwfsiHnslFXYBauyGhPsgT2xZ/biPDqvzpvz/hNdcKYze+wPnI9vsl2egg==</latexit><latexit sha1_base64="UtikFX2CqsZPe8y8Q0F7xQa+kFk=">AAACF3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUEDaIKEnlIcRStL5twyvls7tZIIcoH8Al8BS1UdIiWkoJ/wQ4pIGGq0cysdneCWElLrvvpLCwuLa+s5tby6xubW9uFnd26jRIjsCYiFZlmABaV1FgjSQqbsUEIA4WNYHCe+Y07NFZG+pqGMbZD6GvZkwIolTqFoh8C3QQ9fsZ90Y2I+xoCBfyyc899K0O85W6ackvuBHyeeFNSZFNUO4UvvxuJJERNQoG1Lc+NqT0CQ1IoHOf9xGIMYgB9bKVUQ4i2PZo8M+aHiQWKeIyGS8UnIv6eGEFo7TAM0mR2up31MvE/r5VQr9weSR0nhFpki0gqnCyywsi0JeRdaZAIssuRS80FGCBCIzkIkYpJWls+7cOb/X6e1I9Lnlvyrk6KlfK0mRzbZwfsiHnslFXYBauyGhPsgT2xZ/biPDqvzpvz/hNdcKYze+wPnI9vsl2egg==</latexit><latexit sha1_base64="UtikFX2CqsZPe8y8Q0F7xQa+kFk=">AAACF3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUEDaIKEnlIcRStL5twyvls7tZIIcoH8Al8BS1UdIiWkoJ/wQ4pIGGq0cysdneCWElLrvvpLCwuLa+s5tby6xubW9uFnd26jRIjsCYiFZlmABaV1FgjSQqbsUEIA4WNYHCe+Y07NFZG+pqGMbZD6GvZkwIolTqFoh8C3QQ9fsZ90Y2I+xoCBfyyc899K0O85W6ackvuBHyeeFNSZFNUO4UvvxuJJERNQoG1Lc+NqT0CQ1IoHOf9xGIMYgB9bKVUQ4i2PZo8M+aHiQWKeIyGS8UnIv6eGEFo7TAM0mR2up31MvE/r5VQr9weSR0nhFpki0gqnCyywsi0JeRdaZAIssuRS80FGCBCIzkIkYpJWls+7cOb/X6e1I9Lnlvyrk6KlfK0mRzbZwfsiHnslFXYBauyGhPsgT2xZ/biPDqvzpvz/hNdcKYze+wPnI9vsl2egg==</latexit><latexit sha1_base64="UtikFX2CqsZPe8y8Q0F7xQa+kFk=">AAACF3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCImUEDaIKEnlIcRStL5twyvls7tZIIcoH8Al8BS1UdIiWkoJ/wQ4pIGGq0cysdneCWElLrvvpLCwuLa+s5tby6xubW9uFnd26jRIjsCYiFZlmABaV1FgjSQqbsUEIA4WNYHCe+Y07NFZG+pqGMbZD6GvZkwIolTqFoh8C3QQ9fsZ90Y2I+xoCBfyyc899K0O85W6ackvuBHyeeFNSZFNUO4UvvxuJJERNQoG1Lc+NqT0CQ1IoHOf9xGIMYgB9bKVUQ4i2PZo8M+aHiQWKeIyGS8UnIv6eGEFo7TAM0mR2up31MvE/r5VQr9weSR0nhFpki0gqnCyywsi0JeRdaZAIssuRS80FGCBCIzkIkYpJWls+7cOb/X6e1I9Lnlvyrk6KlfK0mRzbZwfsiHnslFXYBauyGhPsgT2xZ/biPDqvzpvz/hNdcKYze+wPnI9vsl2egg==</latexit>



ESA/Contract No.4000125663/18/I-NB 
EO Science for Society Permanently Open Call For  

Proposals EOEP-5 BLOCK4- (INTENS) 
characterisation of IoNospheric TurbulENce level by Swarm constellation


INTENS Final Meeting                                                                                                                       Consolini et al.

Acknowledgements 
The results presented rely on data collected by the three satellites of the Swarm 
constellation and is a part of ESA-INTENS project 

INTENS Team:  

A. Anastasiadis, G. Balasis, A.Z. Boutsi, I. Coco, G. Consolini, I. A. Daglis, P. De 
Michelis (P.I.), F. Giannattasio, O. Giannakis, M. F. Marcucci, C. Papadimitriou, 
S. Pau, M. Pezzopane, A. Pignalberi, R. Tozzi and G. Vasalos 

We thank the European Space Agency that supports the Swarm mission.

ESA/Contract No.4000125663/18/I-NB 
EO Science for Society Permanently Open Call For  

Proposals EOEP-5 BLOCK4- (INTENS) 


