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The equivalent slab thickness τ is defined by 

 
Thus, τ can easily be estimated by combining ionosonde 
and ground based TEC data over the VS station.  
 

According to the Chapman theory the thermospheric 
scale height, given by 

                                  

is related to τ by 

 
that means 
 
 

with 
under diffusive equilibrium conditions.  
There is a potential to estimate the thermospheric 
temperature from  slab thickness  measurements. 

 Equivalent slab thickness – physical meaning 

2FNVTEC m⋅τ=
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Location of ionosonde stations used for estimating 
the equivalent slab thickness τ of the ionosphere 

[* Jakowski, Modern Ionospheric Sciences (Eds. Kohl, Rüster, Schlegel),1996] 

St. Petersbg. 

Moscow 

To compute the equivalent slab thickness 
over the vertical sounding stations the 
associated TEC values are extracted 
from European TEC maps that have 
been generated in DLR since 1995*. 
 

TEC is estimated by using dual 
frequency GNSS measurements. 
Due to the contribution of the 
plasmasphere VTEC is bigger than the 
integral of the Chapman layer density 
leading to  
 

Subtraction of plasmaspheric contribution 
would be helpful to estimate the 
thermospheric  temperature 

ChapGNSS τ≥τ



Typical behaviour of the equivalent slab thickness 
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Equivalent slab thickness τt and τi  derived from NmF2 data of the ionosonde Athens and 
VTECGNSS(dotted) and ITEC* (solid line), respectively.**   
 [*Reinisch, B.W. and X. Huang, ASR, 27, 23-30, 2001; ** Belehaki, A., N. Jakowski and B. W. Reinisch, ASR, 33, 833–837, 2004] 
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≈ -4 km/year 

Juliusruh (54.5N, 13.4E), 12 - 14 LT 
Ionosphere over Juliusruh during solar cycle 23 

 Ionosonde + TEC data show a strong dependence 
from solar activity. 

 

 The equivalent slab thickness is much  less 
sensitive to solar activity. 

 

 The data show a negative trend of several km/year 
      (Tromsoe, Juliusruh, Chilton, Rome San Vito)   



Slab thickness variation at Tromsoe (69.7N;19.0E) 
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Manually scaled monthly medians of foF2 
values at 12 LT (Chris Hall)  

Different data bases create opposite results concerning the slab thickness behaviour. 
 

Physical behaviour of the ionosphere and thermosphere doesn‘t depend on measurement 
techniques used, i.e. clarification is required. 
 

Careful check of ionosonde and TEC data, coordinated measurements e.g. with EISCAT 
EISCAT data indicate plasma cooling over 3 decades (Ogawa et al., GRL, 2014). 
 

 

Δτ ≈ 1 km/year 

Δτ ≈ - 3 km/year 

Ionosonde data from SPIDR  



Summary and conclusions 
 The equivalent slab thickness of the ionosphere measures the width of 

the vertical electron density profile of the ionosphere.  
 
 
 

 Nevertheless, the GNSS derived slab thickness seems to have a high 
potential for estimating long-term thermospheric changes. 
 

 To mitigate natural forces such as solar activity the analysis of the 
equivalent slab thickness τ is a promising option.  

 
 

 Clear negative trends of the equivalent slab thickness around noon in 
the range of 11-62 km/decade observed between 40 oN and 60 oN over 
Europe indicate a thermospheric cooling since 1995 when the 
observations started. 
 

 Controversial results obtained at Tromsoe require a careful check of 
data and coordinated independent measurements.  

 

 The interpretation of equivalent slab thickness trends in terms of neutral 
gas temperature requires the consideration of neutral gas composition 
changes ( e.g. [O]/[N2] ratio) 
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