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Abstract 

 
 In this paper we report observations of MSTIDs in the low latitudes Brazilian sector using ionograms 
obtained by a digisonde DGS256 and all-sky images of OI 630 nm airglow emission. Both instruments are installed 
at Cachoeira Paulista (22.7ºS, 45º W, 13ºS MLAT). Ionograms show occurrence of spread-F and a sharp rise of the 
ionospheric F-layer at the same time as dark band structures propagating northwestward are seen on all-sky images. 
Here, we show a study based on ionogram analysis in order to investigate occurrences of MSTIDs during solar 
maximum, since they are not observed on all-sky images during such period. 
 

1. Introduction 
 

MSTIDs have been observed in the low latitudes Brazilian sector using ionograms and all-sky images of OI 
630 nm nightglow emission. On all-sky images they are seen as dark band structures which propagates from 
southeast to northwest with an average speed of 50-200 m/s at an altitude range of 220-300 km [1-2]. In a statistical 
analysis of all-sky images covering all phases of the solar cycle, [3] observed maximum occurrence of MSTIDs 
during solar minimum, but no occurrence during solar maximum. It was also observed maximum occurrence of 
MSTIDs during local winter and all cases detected occurred during geomagnetically calm nights.  

 
Simultaneous airglow and ionosonde data show sharp risings of F-layer at the same time that dark band 

structures are recorded in the all-sky images over the zenith. The dark band pattern refers to depletions in the OI 630 
nm emission due to vertical movements of the F-layer. Since the OI 630 nm emission intensity is strongly dependent 
on the electronic concentration, its tendency is to decrease or increase as the F-layer plasma moves upward or 
downward. Ionograms also show the occurrence of spread-F during MSTIDs events.  

 
In this work we present a statistical study based on the analysis of ionograms for the period of solar 

maximum, which was made in order to investigate the possible occurrence of MSTIDs during this phase of the solar 
cycle. Our hypothesis of risings not so sharp of the F-layer could justify the non-observance of dark band structures 
in the all-sky images during solar maximum since it would not disturb the airglow layer. 

 
2. Data analysis 

 
Our research work is based on three types of analysis with data obtained by an all-sky imager and a 

digisonde DGS 256, both installed at Cachoeira Paulista (22.7ºS, 45º W, 13ºS MLAT). In the first one we analyze 
only all-sky images. The results obtained show some features common to all events. These features are the 
preferential alignment (southwest-northeast) and propagation (northwestward) directions of the dark bands and the 
occurrence during geomagnetically quiet nights (Kp<3). 

 
The second analysis was done by comparing simultaneous data from both all-sky images and ionograms. 

The results show sharp rises of the F-layer and the occurrence of spread-F during MSTIDs events. 
 
The third analysis was made using only ionograms in order to verify if the risings of the F-layer were not so 

sharp so that it could not disturb the emission. Such fact could justify the non-observance of dark bands during solar 
maximum. The last two analyses are treated in this work. 
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2.1 Comparisons between both airglow images and ionograms 
 

Figure 1a shows a plot of the temporal variation of ionospheric parameters h’F and hmF2, and Figure 1b 
shows a sequence of raw all-sky images in the OI 630 nm emission, both obtained on 23-24 August, 2006, for a 
geomagnetically quiet night (Kp<3). The digisonde observations registered abrupt increases in both the F-layer peak 
height (hmF2) and F-layer bottomside virtual height (h’F) on 23-24 August 2006, when the low intensity band 
passed over Cachoeira Paulista. From simultaneous analysis we can see that the dark band structure observed in the 
all-sky images corresponds to zones of depleted airglow due to the uplift of ionospheric F-layer.  

 

200

220

240

260

280

300

320

340

360

21       22       23        00       01       02        03       04

Sharp rising 
of F-layer

Cachoeira Paulista - August 23-24, 2006

Al
tit

ud
e 

(k
m

)

Local Time

 h'F
 hmF2

 
 
Figure 1 – (a) Temporal variation of the ionospheric parameters h’F and hmF2 for the night of August 23-24, 2006. 
The dashed rectangle emphasizes the abrupt rise of the F-layer around 01:00 LT. (b) All-sky images of the OI 630 
nm airglow emission for the same night. The dark band structure, indicated by the white arrow, entered from 
southeast and moved across the field of view towards northwest at an altitude range of 220-300 km. 

 
As mentioned before, the OI 630 nm emission intensity is strongly dependent on the vertical movements of 

the ionospheric plasma during the night. Since the OI 630 nm airglow emission peak is situated at an altitude around 
250 km, it is possible to analyze  vertical movements of the F-layer plasma through the ionospheric parameters h’F 
(F-layer bottomside virtual height) and hmF2 (F-layer peak height), provided by ionosonde measurements.  

 
As shown in Figure 1a, the temporal variation of the ionospheric parameters reveals a sharp rising of the 

ionospheric F-layer. This sharp rising can be caused by upward E×B plasma drifts, driven by a zonal eastward 
electric field inside the dark band [4].  

 
For all the cases that we have simultaneous data from both all-sky images and ionograms, we have observed the 

occurrence of spread-F at the same time as the dark bands passes over the zenith of Cachoeira Paulista (example on 
Figure 2). However, since we do not have simultaneous data for all cases studied, it is not possible to assert the 
correlation between MSTIDs and spread-F. [5] in a simultaneous analysis of all-sky images and ionograms for two 
observation sites in the Japanese sector have found only 10% and 15% of spread-F for the intervals when the 
MSTID structures were seen in the airglow images 

 
 

(A) (B) 



 
Figure 2 - Ionograms obtained on August 23-24, 2006 with the digisonde installed at Cachoeira Paulista. This 
sequence shows the occurrence of Spread-F at the same time as the all-sky images registered MSTIDs over the 
zenith of Cachoeira Paulista, and ionospheric parameters registered abrupt uplifting of both peak height and virtual 
height of the ionospheric F-layer.  

 
2.2 investigation of the occurrence of MSTIDs during solar maximum  

 
Considering the possibility of risings not so sharp of the F-layer during the solar maximum which is not 

able to disturb the airglow layer, it would not be possible to observe the dark band patterns in the all-sky images. In 
order to check this possibility, we have made a study based only on ionosonde data, examining the ionospheric 
parameters h’F and hmF2. Events with features like the occurrence of sharp rises of the F-layer, spread-F in the 
ionograms, and Kp<3 were considered manifestation of MSTIDs and the computed occurrence rate for the period 
from March 2000 to February 2001 (solar maximum) is shown on Figure 3. 
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Figure 3 -Statistical analysis of the occurrence of mid-latitude spread-F over Cachoeira Paulista during the period of 
solar maximum (2000-2001) based on F-region ionograms. 
 
 



3. Discussion 
 

Ionospheric parameters h’F and hmF2 shows sharp rises of the F-layer during MSTIDs events. These rises 
are explained as being due to drifts EpxB, where Ep is the polarization electric field inside the MSTID structure. The 
electrodynamical coupling between the nighttime mid-latitude ionospheric Es and F-region have been invoked as an 
explanation for the large polarization electric fields observed in the F-region and the consequent uplifts of the F-
layer which causes spread-F [6]. [7] proposed a mechanism for spread-F development in the mid-latitude ionosphere 
driven by northward-upward electric fields, which are generated from a meridional polarization field inside an 
unstable Es-layer and maps to the F-region via field-lines. [8] derived a dispersion relation that describes the 
coupling behavior between Es-layer and Perkins instability. They showed that the coupled system is unstable and the 
electrodynamics interaction between instabilities acts to increase the growth rate of the global system. 

 
Our analysis regarding the one year ionosonde data set for solar maximum have showed occurrence of 

MSTIDs during this phase of the solar cycle. Such events show rises not so sharp of F-layer which are not able to 
diminish the OI 630 nm emission so that it is not possible to observe the dark band patterns in the all-sky images.  
Nevertheless, since we do not have comparative data with other instruments, it is not safe to say that all computed 
cases are manifestation of MSTIDs.  
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