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The present study reports the effect of geomagnetic storm on 200 mb altitude temperature and wind at a low latitude 

(8.7°N, 77.8°N) Indian region. The severe and strong geomagnetic storm (Dst < – 100 nT) between 2000 and 2005 has been 

studied. The impact of the geomagnetic activity on temperature and wind variation is affected by the QBO (Quasi-Biennial 

Oscillation) phase. The tropopause temperature increases by ~ 2.5 K during W-phase of QBO and decreases by ~ 1.5 K 

during E-phase of QBO. The time lag between the onset of the event and the maximum change in temperature becomes a 

minimum during the transition phase of QBO. The horizontal wind velocity shows a pronounced effect over the east coast of 

India. The effect has not been observed during the onset of the south-west monsoon. The vertical wind velocity at 200 mb 

shows increase (or decrease) during W- (or E-) phase of the event. 
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1 Introduction 
One of the earliest works on geomagnetic forcing of 

the lower atmosphere is by Macdonald and 

Woodbridge
1
. The time delay between a geomagnetic 

event and changes in atmospheric circulation at different 

locations was studied by various workers
2-5

. Lastovicka 

et al.
6
 and Lastovicka

7
 formulated meteorologically 

induced changes of the tropospheric response to 

geomagnetic storm. Occurrence probability of solar-

geomagnetic-weather relations has been studied by 

several workers
8-17

. Xiong et al.
18

 studied the planetary 

wave type oscillations in the ionosphere and found the 

relationship with the geomagnetic activity. 

In order to further ascertain the solar-geomagnetic-

weather relation over the Indian continent and the 

time delay between geomagnetic event and changes in 

tropopause temperature (or wind), the 5 years 

NCEP
19

-NCAR reanalysis data are analyzed in this 

paper. The southern part of India is located near the 

ocean coast, which provided further advantage to 

study the influence of mountain-land-ocean on the 

upper tropospheric variations. 
 

2 Data sets 
2.1 The NCEP-NCAR reanalysis 

The National Center for Environmental Prediction 

(NCEP) and the National Center for Atmospheric 

Research (NCAR) have completed a reanalysis 

project with a current version of the Medium Range 

Forecast (MRF) model
20

. This data set is a reanalysis 

of the global observational network of meteorological 

variables (wind, temperature, geopotential height, 

humidity on pressure levels, surface variables, and 

flux variables like precipitation rate) with a “frozen” 

state-of-the-art analysis and forecast system at a 

triangular spectral function of T62 to perform data 

assimilation throughout the period. 
 

2.2 Geomagnetic index 

In the present study, the geomagnetic storm that 

occurred during solar cycle 23 has been analyzed in 

detail. As many as 73 severe and strong (Dst < – 100 

nT) geomagnetic storms were observed from January 

2000 to December 2005. The data of geomagnetic 

activity index is obtained from the web site : 

http://swdcwww.kugi.kyoto-u.ac.jp/index.html. The 

minimum value of the Dst index (in nT) has been 

chosen as a zero day, and the corresponding 

tropopause temperature and wind variation for ± 10 

days has been presented. 
 

3 Results 
Figure 1(a) shows the temperature variation at  

200 mb, before and after the onset of the geomagnetic 
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event on 07 Apr. 2000. The equatorial magnetic 

activity index (Dst) was – 288 nT. This was a case of 

severe geomagnetic storm. An increase in tropopause 

temperature by about 2
 
K after 6 days of the onset of 

the event was found. The stratospheric (50 hPa) zonal 

wind velocity over the equatorial region was 12.7 m/s 

in April 2000. This was a case of W-phase of QBO 

(Quasi-Biennial Oscillation), high solar activity (F10.7 

= 185), and pre-monsoon period. 

Figure 1(b) shows the temperature variability at 200 

mb level during geomagnetic event of 31 Mar. 2001. 

The W-phase of QBO was present during January-

April, 2001 and E-phase of QBO was present during 

the rest of the year. The magnetic activity index (Dst) 

was < – 387 nT. The tropopause temperature increased 

by ~ 2 K after 5 days of the onset of the event. 

Figure 2(a) shows the tropopause temperature 

during the geomagnetic event of 28 Oct. 2001. The 

maximum magnetic activity index (Dst) was < – 157 

nT. The zonal wind velocity at 50 hPa in October 2001 

was – 19.9 m/s, when tropopause temperature 

decreased by ~ 1.5
 
K and E-phase of QBO was present. 

It shows the presence of upper tropospheric jet, which 

might have increased the time lag between the onset of 

geomagnetic event and the maximum change in 

temperature. 

Figure 2(b) shows the tropopause temperature 

obtained during the geomagnetic event of  

11 Feb. 2004. The maximum magnetic activity index 

(Dst) was – 109 nT. The lower stratospheric (50 hPa) 

zonal wind velocity was – 19.2 m/s with E-phase of 

QBO. It shows the presence of lower stratospheric jet 

over equatorial latitude. The temperature is found to 

decrease by ~ 2
 
K on the day of the event. 

Figure 3 shows the tropopause temperature during 

the geomagnetic activity of 15 May 2005. The 

maximum magnetic activity index (Dst) was < – 263 

nT. The lower stratospheric zonal wind velocity in 

May 2005 was 5.0 m/s and it was the transition phase 

of QBO. The time lag between onset of geomagnetic 

event and maximum increase in temperature was zero 

and the lower stratospheric zonal wind velocity was 

low. The increase in tropopause temperature  

was ~ 2
 
K. 

Figure 4 shows the horizontal wind variation over 

200 mb height during the geomagnetic activity of 18 

June 2003. The maximum magnetic activity index 

(Dst) was < – 145 nT. The lower stratospheric zonal 

wind velocity in June 2003 was 1.4 m/s, which was 

the transition phase of QBO. The horizontal wind 

velocity at 200 mb changes to about 15 m/s after the 

onset of the event. The time lag between maximum 

 

Fig.1Tropopause temperature during geomagnetic event and 

W-phase of QBO: (a) geomagnetic event of 07 Apr. 2000 and, (b) 

geomagnetic event of 31 Mar. 2001  
 

 

Fig. 2Tropopause temperature during E-phase of QBO and 

severe geomagnetic storm of (a) 28 Oct. 2001 and (b) of 11 Feb. 

2004 

 

 

Fig. 3Tropopause temperature during geomagnetic event of 15 

May 2005 (This was the time for transition phase of QBO)  
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magnetic activity index and changes in maximum 

zonal wind velocity was one day. 

Figure 5 shows the horizontal wind velocity 

variation during 16 July 2003 at 200 mb height. The 

maximum magnetic activity index (Dst) on  

16 July 2003 was – 117 nT. The horizontal wind 

velocity at 200 mb height changes to ~ 12 m/s after 

onset of the event. The lower stratospheric zonal wind 

velocity over the equatorial region has been found to 

be about 1.0 m/s in July 2003; it was the transition 

phase of QBO, and the solar activity index  

F10.7 = 132. There was no time lag between maximum 

magnetic activity index and changes in maximum 

horizontal wind velocity. 

Figure 6 shows the horizontal wind velocity during 

geomagnetic storm on 31 Oct. 2003. The maximum 

magnetic activity index (Dst) was – 401 nT. The 

lower stratospheric zonal wind velocity over the 

equator was – 13.3 m/s in October 2003 and it was E-

phase of QBO. The horizontal wind velocity at 

tropopause height decreased to about 12 m/s after the 

onset of the event. The time lag between maximum 

magnetic activity index and changes in maximum 

horizontal wind velocity is 5 days. This increase in 

time lag compared to Fig. 5 event is due to the 

presence of lower stratospheric jet during this event. 

Also, the North-East monsoon was active during this 

period; it shows the bearing of the magnetic activity 

on the N-E monsoon. 

During the period 29-30 Oct. 2003, three 

geomagnetic storms were observed. The first 

geomagnetic storm was associated with an abrupt 

decrease of the equatorial Dst-index, with a peak of – 

180 nT at ~ 0900 hrs UT. The southward turning of 

the IMF Bz component, combined with high solar 

wind velocities, caused the next storm with a peak 

Ap-index of 300 nT and a Dst-index of – 401 nT at 

2315 hrs UT on 30 Oct. 2003. After the third storm 

main phase, the Dst value recovered
21

 to around 0 nT 

on 2 Nov. 2003. 

Figure 7 shows the horizontal wind velocity at  

200 mb altitude during the geomagnetic event of  

14 Oct. 2000. The maximum geomagnetic activity 

index (Dst) on 14 Oct. 2000 was – 107 nT. The lower 

stratospheric equatorial zonal wind velocity in 

October 2000 was 7.0 m/s. This was the period of W-

phase of QBO and maximum solar activity. The 

horizontal wind velocity decreased by ~ 7 m/s after  

4 days of the onset of the event. The time lag between 

maximum geomagnetic activity and maximum 

changes in wind velocity as well as lower 

stratospheric zonal wind velocity is 4 days. 

 

Fig. 4The horizontal wind velocity at 200 mb during strong 

geomagnetic storm of 18 June 2003 (This was the period of W-

phase of QBO.)  

 

 

Fig. 5The tropopause horizontal wind variation during 

geomagnetic event of 16 July 2003 (This event was the transition 

phase of QBO.) 

 

Fig. 6The tropopause wind velocity during severe geomagnetic 

event of 31 Oct. 2003 and E-phase of QBO  
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Figure 8 shows the upper tropospheric horizontal 

wind velocity during the geomagnetic activity of  

4 Apr. 2004. The maximum geomagnetic activity 

index (Dst) was – 112 nT. The equatorial lower 

stratospheric zonal wind velocity in April 2004 was 

1.1 m/s. The horizontal wind velocity increases by 

about 7 m/s after 2 days of the onset of the event. The 

influence of geomagnetic activity on 200 mb 

horizontal wind velocity is found to be a maximum 

during the solar minimum  activity  period. The  upper 

troposphere during solar minimum activity is 

unstable; therefore, the influence of magnetic activity 

has been seen on the dynamical parameters more 

effectively in solar minimum than the solar maximum 

activity condition. The time lag between maximum 

geomagnetic activity and maximum changes in wind 

velocity is 2 days. This shows the influence of lower 

stratospheric zonal wind velocity on the time lag 

between geomagnetic activity and tropospheric wind 

variation. 

Figure 9 shows the vertical wind velocity at  

200 mb altitude during the geomagnetic event of  

4 Apr. 2004. The maximum geomagnetic activity  

index (Dst) was – 112 nT on 4 Apr. 2004. The 

equatorial lower stratospheric zonal wind velocity at 

50 hPa in April 2004 was 1.1 m/s. The vertical wind 

velocity at 200 mb increased to ~ 12 m/s on the day of 

the onset of the event. This event was in solar 

minimum, W-phase of QBO, minimum stratospheric 

zonal wind velocity, and not affected by the monsoon 

condition. 

Figure 10 shows the vertical wind velocity at  

200 mb altitude during the geomagnetic activity event 

of 11 Feb. 2004. The maximum geomagnetic activity 

index (Dst) was – 109 nT on 11 Feb. 2004. The 

vertical wind velocity increased to ~ 15 m/s after  

4 days of the onset of the event. The zonal wind 

velocity over the equatorial lower stratospheric region 

in February 2004 was – 19.2 m/s. The lower 

stratospheric jet stream and E-phase of QBO might 

have caused the increase in wind velocity to about  

5 m/s after 4 days of the onset of the event. 

Figure 11 shows the vertical wind velocity at  

200 mb altitude during the geomagnetic event of  

21 Nov. 2002. The maximum geomagnetic activity 

index (Dst) on 21 Nov. 2002 was – 128 nT. The zonal 

wind velocity over the equatorial lower stratospheric 

region in November 2002 was 6.8 m/s and it was the 

W-phase of QBO. The maximum increase in the wind 

velocity has been obtained after 5 days of the onset of 

the event by about 7 m/s. The north-east monsoon 

was active in November 2002. The N-E monsoon 

might have increased the time delay between the 

onset of the event and its effect on upper tropospheric 

wind velocity. 

 

Fig. 8The horizontal wind velocity during geomagnetic event of 

04 Apr. 2004 and transition phase of QBO  

 

Fig. 7The horizontal wind velocity during geomagnetic event of 

14 Oct. 2000 and W-phase of QBO  
 

 

Fig. 9The vertical wind velocity over 200 mb during 

geomagnetic event of 04 Apr. 2004 and transition phase of QBO  
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Figure 12(a) shows the vertical wind velocity at 200 

mb during the geomagnetic activity of 24 Nov. 2001 

over the Indian continent. The maximum geomagnetic 

activity index (Dst) on 24 Nov. 2001 was – 221 nT. 

This event corresponds to maximum solar activity, E-

phase of QBO, winter condition, unstable atmosphere, 

over the continent and the equatorial zonal wind 

velocity of – 20.5 m/s. The time lag between the onset 

of the event and its effect is 2 days and velocity 

decreased by 6 m/s. The variability over the ocean has 

also been shown. Figure 12(b) shows the vertical wind 

velocity over the Bay of Bengal. The vertical wind 

velocity over the ocean shows the time delay between 

maximum geomagnetic activity and its effect on 

increase in vertical wind velocity by 6 m/s after ~ 4 

days. 
 

4 Discussion 
Despite a large number of studies examining the 

possibility that geomagnetic activity influences the 

lower atmosphere, there is no definable ‘current 

understanding’ in this field. Danilov and Lastovicka
15

 

suggest that the tropospheric response to solar activity 

is more developed in winter, because the winter 

atmosphere is less stable. This view is shared by Gabis 

and Troshichev
17

, who suggest that stratification in 

stratospheric zonal circulation is depressed in winter 

and greatest in summer. Macdonald and Roberts
3
 

reported that the time delay between geomagnetic 

event and changes in atmospheric circulation is not 

constant, and subsequently the geographic nature of the 

relationship varies as each individual trough maximizes 

at different locations. Lastovicka et al.
6
 formulated 

three specific features of the tropospheric response to 

geomagnetic storm: (i) Tropospheric responses have a 

microregional character, possibly due to changes in 

circulation and orography. (ii) The tropospheric 

response to geomagnetic storm is much more 

pronounced in winter than in summer, possibly because 

the direct solar radiation input to the troposphere is 

lower, and the atmosphere is less stable in winter. (iii) 

The winter response of the troposphere substantially 

depends on the phase of the QBO. 

Researchers have found that geomagnetic-weather 

links are stronger during particular QBO phase
22, 23

. 

Although the role of the QBO within daily solar-

weather link is, like their annual counterparts, also 

unclear, Tinsley and Deen
24

 suggest it could be related 

to its role in the dynamic coupling of the stratosphere 

to the troposphere and the resultant chemical transport. 
 

5 Conclusion 
Using the NCEP-NCAR reanalysis data the present 

authors have studied the influence of severe 

 

Fig. 10The vertical wind velocity obtained during geomagnetic 

activity of 11 Feb. 2004 and E-phase of QBO  
 

 

Fig. 11The vertical wind velocity obtained over 200 mb during 

geomagnetic event of 21 Nov. 2002 (This was the W-phase of QBO 

and return monsoon period.)  
 

 

Fig. 12The 200 mb vertical wind velocity obtained during 

geomagnetic event of 24 Nov. 2001 and E-phase of QBO 

corresponding to (a) the continent region and (b) the ocean region  
 

(b) 
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geomagnetic storms on the Indian equatorial 200 mb 

temperature, and wind variation. The severe and 

strong (Dst < – 100 nT) geomagnetic storm between 

2000 and 2005 has been studied in the present work. 

The change in the 200 mb temperature and wind 

velocity over Indian continent followed by the 

geomagnetic storm is found to be influenced by the 

QBO phase. The 200 mb temperature increases by 

about 2.5
 
K during W-phase of QBO and decreases by 

about -3
 
K during E-phase of QBO. The three-to-five 

days time lag has been observed between the onset of 

the event and the change in temperature. The time 

delay between onset of the event and the maximum 

change in temperature becomes a minimum during the 

transition phase of QBO. The decrease in horizontal 

wind velocity before the onset of the event during E-

phase of QBO has been observed. The pronounced 

effect on wind velocity has been observed over the 

east coast of India, but it does not show any effect 

during the monsoon period. Similar to the horizontal 

wind velocity, vertical wind velocity also shows 

changes followed by the onset of the magnetic storm. 
 

Acknowledgements 

The author (ML) is grateful to anonymous 

reviewers for reading, correction and helpful 

comments, thus improving the presentation. The 

authors are thankful to their colleagues for rendering 

help as and when required. The data has been 

obtained from the NCEP-reanalysis provided by the 

NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, 

from the web site at http://www.cdc.noaa.gov. The 

magnetic data has been obtained from WDC web 

page http://swdcwww.kugi.kyoto-u.ac.jp/index.html. 
 

References 
1 Macdonald N J & Woodbridge D D, Rotation of geomagnetic 

disturbances to circulation changes at 30,000 ft level, Science 

(USA), 129 (1959) 638. 

2 Macdonald N J & Roberts W O, Further evidence of a solar 

corpuscular influence on large scale circulation at  

300 mbar, J Geophys Res (USA), 65 (1960) 529. 

3 Woodbridge D D, Comparison of geomagnetic storms and 

trough development at solar activity maximum and minimum, 

Planet Space Sci (UK), 19 (1971) 821. 

4 Roberts W O & Olson R H, Geomagnetic storms and 

wintertime 300 mbar trough development in the North Pacific 

– North America Area, J Atmos Sci (USA), 30 (1973) 135. 

5 Mustel E Z, Chertoprud V E & Kovedliani V A, Comparison 

of the changes of the near-ground air pressure fields in the 

periods of high and low geomagnetic activity, Astron Zh 

(Russia), 54 (1977) 682. 

6 Lastovicka J, Bremer J & Gill M, Ozone response to major 

geomagnetic storm, Ann Geophys (France), 10 (1992) 683. 

7 Lastovicka J, Monitoring and forecasting of ionospheric space 

weather – effects of geomagnetic storm, J Atmos Sol-Terr Phys 

(UK), 64 (2002) 697. 

8 Arora B R, Occurrence probability of solar – geomagnetic – 

weather relations, J Atmos Terr Phys (UK), 45 (1983) 569. 

9 Arora B R & Padgaonkar A D, Time – variation of solar 

influence on tropospheric circulation, J Atmos Terr Phys (UK), 

43 (1981) 91. 

10 Pudovkin M I & Babushkina S V, Atmospheric transparency 

variations associated with geomagnetic disturbances, J Atmos 

Terr Phys (UK), 54 (1992) 1135. 

11 Bucha V & Bucha V(Jr), Geomagnetic forcing of changes in 

climate and in the atmospheric circulation, J Atmos Sol-Terr 

Phys (UK), 60 (1998) 169. 

12 Bhattacharya A B, Kar S K, Chatterjee M K & Bhattacharya 

R, Long period fading in atmospherics during severe 

meteorological activity and associated solar geophysical 

phenomena at low latitude, Ann Geophys (France), 16 (1998) 

183. 

13 Bochnicek J, Hejda P, Bucha V & Phcha J, Possible 

geomagnetic activity effects on weather, Ann Geophys 

(France), 17 (1999) 925. 

14 Afvdyushin S I & Danilov A D, The Sun, weather and climate: 

A present day view of the problem (review), Geomag Aeron 

(Russia), 40 (2000) 545. 

15 Danilov A D & Lastovicka J, Effects of geomagnetic storms 

on the ionosphere and atmosphere, Int J Geomag Aeron 

(Russia), 2 (2001) 1. 

16 Lastovicka J, Long – term trends in the upper middle 

atmosphere as detected by ionospheric measurements, Adv 

Space Res (UK), 20 (1997) 2065. 

17 Gabis I P & Troshichev O A, Influence of short term changes 

in solar activity on baric field perturbations in the stratosphere 

and troposphere, J Atmos Sol-Terr Phys (UK), 62 (2000) 725. 

18 Xiong J, Wan W, Ning B, Liu L & Gao Y, Planetary wave 

type oscillations in the ionosphere and their relationship to 

mesospheric/ lower thermospheric and geomagnetic 

disturbances at Wuhan (30.6oN, 114.5oE), J Atmos Sol-Terr 

Phys (UK), 68 (2006) 498. 

19 NCEP Reanalysis data provided by the NOAA/OAR/ESRL 

PSD, Boulder, Colorado, USA, from their Web site at 

http://www.cdc.noaa.gov. 

20 Kalnay E & Coauthors, The NCEP/NCAR 40-year Re-analysis 

Project. Bull Am Meteor Soc (USA), 77 (1996) 437. 

21 Pnacheva D, Singer W & Mukhtarov P, Regional response of 

the mesosphere-lower thermosphere dynamics over 

Scandinavia to solar proton events and geomagnetic storms in 

late October 2003, J Atmos Sol-Terr Phys (UK), 69 (2007) 

1075. 

22 Tinsley B A, Brown G M & Scherrer P H, Solar variability 

influences on weather and climate : possible connections 

through cosmic ray fluxes and storm intensification, J Geophys 

Res (USA), 94 (1989) 14783. 

23 Besprozvannaya A S, Ohl G I, Sazonov B I, Scherba I A, 

Schuka T I & Troshichev O A, Influence of short-term 

changes in solar activity on baric field perturbations in the 

stratosphere, J Atmos Sol-Terr Phys (UK), 59 (1997) 1233. 

24 Tinsely B A & Deen G W, Apparent tropospheric response to 

MeV-GeV particle flux variations: A connection via 

electrofreezing of supercooled water in high-level cloud, J 

Geophys Res (USA), 96 (1991) 22283. 


