
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 96, NO. 2, 25 JANUARY 2009 280 

*For correspondence. (e-mail: daniel.martini@vipmail.hu) 

Agriculture, Agricultural Handbook 537, Washington DC, 1978, 
p. 85. 

5. Ringo, D. E., Assessment of erosion in the Turasha catchment in 
the lake Naivasha area, Kenya, M Sc thesis, Enschede, 1999. 

6. Crosson, P., Soil erosion in developing countries: Amounts, con-
sequences and policies. In Paper presented at the University of 
Wisconsin, Department of Agricultural Economics, 15 November 
1983. 

7. Lal, R., Soil Erosion in the Humid Tropics with Particular Refer-
ence to Agricultural Land Development and Soil Management, 
IAHS Publication 140, Wallingford, UK, 1983, pp. 221–239. 

8. Hurni, H., Land degradation, famines and resources scenarios.  
In World Soil Erosion and Conservation (ed. Pimental, D.), Cam-
bridge University Press, Cambridge, 1993, pp. 27–62.  

9. Hudson, N., Soil Conservation, BT Batsford Ltd, London, 1986. 
10. Singh, G., Babu, R., Narain, P., Bhushan, L. S. and Abrol, I. P., 

Soil erosion rates in India. J. Soil Water Conserv., 1992, 47, 97–
99. 

11. McCormack, D. E., Young, K. K. and Kimberlin, L. W., Current 
criteria for determining soil loss tolerance. In Determinants of Soil 
Loss Tolerance (eds Schmidt, B. L. et al.), ASA Special Publica-
tion No. 45, 1982, pp. 95–111. 

12. FAO, Fertilizer use by crops in India. Land and Plant Nutrition 
Management Services, Land and Water Development Division, 
Food and Agriculture Organization of the United Nations, Rome, 
2005, p. 59. 

13. Krishnan, P., Naidu, L. G. K., Shamsuddin, V. M., Raghu Mohan, 
Sehgal, J. and Velayutham, M., Soils of Lakshadweep for Optimiz-
ing Land Use, National Bureau of Soil Survey and Land Use Plan-
ning, Nagpur, 1997, Publ. 70, p. 60. 

14. Krishnan, P. et al., Land, soil and land use of Lakshadweep Coral 
Islands. J. Indian Soc. Soil Sci., 2004, 52, 226–231. 

15. Mandal, D., Dadhwal, K. S., Khola, O. P. S. and Dhayni, B. L., 
Adjusted T values for conservation planning in Northwest Hima-
layas of India. J. Soil Water Conserv., 2006, 61, 391–397. 

16. Karlen, D. L. and Sott, D. E., A framework for evaluating physical 
and chemical indicators of soil quality. In Defining Soil Quality 
for a Sustainable Environment (eds Doran, J. W. et al.), SSSA 
Special Publication No. 35, SSSA, Madison, WI, 1994, pp. 53–72. 

17. Natural Resources Conservation Service, National Soil Survey 
Handbook – Title 430-VI, 1999; http://www.statlab.iastate.edu/ 
soils/nssh/ 

18. Nearing, M. A., Deer-Ascough, L. and Laflen, J. M., Sensitivity 
analysis of the WEPP hillslope profile erosion model. Trans. Am. 
Soc. Agric. Eng., 1990, 33, 839–849. 

19. Rajamani, V., Farmland geology – an emerging field in sustain-
ability science. Curr. Sci., 2002, 83, 557–559. 

 
 
ACKNOWLEDGEMENTS. We thank Dr V. N. Sharda, Director, 
Central Soil and Water Conservation Research and Training Institute, 
Dehradun for providing the necessary support to conduct this study. We 
also thank M. P. Juyal (T 2-T 3) for help with drawing the figures. 
 
 
Received 18 December 2007; revised accepted 26 November 2008 

 
 

The new digital Ah index of  
geomagnetic activity at Alibag and  
other stations 
 
D. Martini1,3,*, K. Mursula2 and S. Alex1 

1Indian Institute of Geomagnetism, New Panvel,  
Navi Mumbai 410 218, India 
2Department of Physical Sciences, P. O. Box 3000, University of Oulu,  
Oulu 90014, Finland 
3Permanent address: GGRI-Sopron, P. O. Box 5, 9401, Hungary 
 
The geomagnetic activity carries important information 
about various parameters of the near-earth space and 
the solar magnetic activity on short as well as on long-
term scales. In short or moderately long-term studies, 
the Kp/Ap index is a widely used reliable measure of 
geomagnetic activity. On the long-term scale, the aa 
index has, till recently, been the only index offering a 
sufficiently long registration for centennial studies. 
However, the long-term robustness of aa index was seri-
ously questioned, and the early registrations until the 
first decades of the last century are not available in 
digital form in sufficiently high resolution. Therefore, 
the aa index cannot be verified, nor its probable error 
be reassuringly quantified. Here we further verify the 
incorrectness of aa, using a recently introduced digital 
measure of the geomagnetic activity, the Ah index cal-
culated at the Indian Alibag station. Global Ah from a 
number of long-running stations can be used to relia-
bly extend the Ap series by roughly 30 years, allowing 
the study of geomagnetic activity for more than a cen-
tury at the three-hourly resolution. Local Ah indices 
can also be calculated at any latitudinal region. 

Keywords: Digital index, geomagnetic activity and in-
dices, long-term variations. 

GEOMAGNETIC activity is an important parameter to study 
not only the physical processes in near-earth space, but 
also to understand and quantify the long-term develop-
ment of the solar magnetic activity. The heliospheric 
magnetic field is known to be the main modulator of 
cosmic rays and a significant cause of geomagnetic activity. 
One of the most important questions in solar–terrestrial 
science is whether and by how much has the sun increased 
its magnetic activity during the last century. Based on the 
longest uniform measure of geomagnetic activity avail-
able at that time, the K-based aa index, Lockwood et al.1 
concluded that the strength of the heliospheric field has 
more than doubled in the last hundred years. Although 
this result is in a fairly good agreement with other results 
based on studies of cosmogenic isotopes (e.g., Usoskin et 
al.2) and a theoretical model presented by Solanki et al.3, 
the aa index – being the only independent proxy of long-
term solar magnetic activity – still plays a crucial role to 
conclude a doubling of the heliospheric magnetic field. 
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 The K-based indices have long been the most widely 
used measures of long-term geomagnetic activity. The 
derivation method of the local K-indices is standardized, 
and different global or planetary measures of magnetic 
disturbance level have been derived from it. The funda-
mental aim of all measures of geomagnetic activity is to 
separate the regular variations caused mainly by solar 
EUV radiation, from the irregular variations driven by 
various parameters of the solar wind. In the case of K-
based indices, the regular variation is represented by the 
quiet daily curve, the so-called Sq-curve, defined by an 
expertized observer, while the irregular variation (i.e. 
geomagnetic activity) is defined as the range between the 
upper and lower fitting of this Sq-curve during each 3 h 
time interval. This range is associated with an integer 
number between 0 and 9, according to a pre-determined 
quasi-logarithmic scale of disturbance level, forming the 
so-called K-value4. This digitization was introduced in 
order to limit the amount of data at a time with no modern 
computer facilities. While this is not an issue any longer, 
the digitization may include some inherent arbitrariness 
when, for example, selecting between two neighbouring 
K-values. The quasi-logarithmic K-value can also be 
transformed into the linearly scaled Ak value using a 
standard scaling method. 
 Probably the most reliable index of global geomagnetic 
activity for moderately long-term studies is the Kp/Ap in-
dex, which is based on 13 stations. However, Ap starts 
only in 1932, being simply too short for long-term research. 
In particular, it does not cover the interesting years in the 
1920s and early 1930s, when geomagnetic activity was 
rising dramatically. Therefore another index, aa, was  
implemented for centennial studies. The local Ak indices 
are calculated for two antipodal stations (actually station 
chains), Hartland in UK and Canberra in Australia and 
then, after normalization, averaged to form the aa index5. 
The aa index is one of the longest uniform series of geo-
magnetic activity and was widely used in long-term studies. 
However, Svalgaard et al.6,7 noted the long-term inconsis-
tency in aa and seriously questioned any long-term esti-
mates based on it. The problem is made even more severe 
by the fact that the early registrations are not available at 
sufficiently high sampling in digital form, making the 
verification of the aa index impossible at present. 
 This situation led Mursula and Martini8 recently, to in-
troduce Ah, a new geomagnetic activity index dedicated 
for centennial studies. This follows the derivation method 
of the K-based indices as closely as possible and appro-
priate. On the other hand, it is based on digital hourly 
data that are available from the World Data Center 
(WDC) for most stations since operations started. By fol-
lowing the K-method, the new index agrees well with the 
physics of all K-indices, while using hourly data we over-
come the data availability and verifiability problem dis-
cussed above. The Ah index is calculated as follows. First 
we define the Sq curve in each month as an average of the 

daily curves of the five quietest days. Then, as in the K-
method, we fit this Sq curve to observations from below 
and from above in each 3 h period; the difference (range) 
gives the value of irregular variations, i.e. the Ah index in 
nT. Note that Ah values are not digitized to integer  
K-values; this avoids the often arbitrary selection of two 
neighbouring integer values.  
 As mentioned above, for many stations Ah can be cal-
culated since the first years of last century, and for some 
long-operating stations such as Niemegk (NGK), even 
since the late 19th century. However, here we compare 
the two analogue indices, Ap and aa, with a number of  
local Ah indices during the overlapping period in 1932–
2000. We selected seven long-operating observatories; 
Sodankylä (SOD) and Sitka (SIT) from high latitudes, 
NGK and Fredericksburg (FRD) from the mid-latitudes, 
and Tucson (TUC), Honolulu (HON) and Alibag (ABG) 
representing the low latitudes. Calculating the linear cor-
relation between the yearly values of Ap and aa, we get an 
expectedly good correlation coefficient (cc) of 0.95. In 
Table 1 we show the similar cc values between Ap and Ah 
from the seven stations. Note that at mid-latitudes, the 
correlation is exceptionally and consistently high, even 
significantly stronger than between Ap and aa (note also 
that the aa stations are mid-latitude stations, i.e. the cc 
between aa and Ap is to be compared to that of the mid-
latitude stations NGK and FRD). Also at high latitudes, 
cc between Ap and Ah exceeds that found between Ap and 
aa. Although the overall correlations are equally good, 
two out of the three low-latitude stations (HON and ABG) 
give slightly smaller values. This can be understood in 
terms of two factors. First, the three-hourly time period of 
the K-method was chosen to fit the usual duration of the 
most common bay-like disturbances (substorms) at mid-
latitudes9. This, at least partly, can explain why we find 
the strongest correlations at mid-latitudes. Secondly, at 
low latitudes the amplitude of the quiet daily curve is 
relatively larger with respect to the irregular variations. 
So small daily differences in the Sq curves have more  
importance in these regions. 
 Let us now focus on the Ah index of the ABG station. 
Figure 1 depicts the scatterplot of annual averages of Ap 
and ABG-Ah indices and their best fitting line (top panel), 
and the time series of the two indices, where the ABG-Ah  
 
 

Table 1. Linear correlation factors between the  
  annual averages of global Ap and local Ah indices 

Station index Correlation coefficient 
 

SOD 0.97 
SIT 0.96 
NGK 0.98 
FRD 0.98 
TUC 0.95 
HON 0.94 
ABG 0.94 
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Figure 1. Scatterplot between the annual means of ABG-Ah and Ap 
with the best fitting line (top panel), and their time series (bottom 
panel). 
 
 

 
 

Figure 2. Residuals of fitting aa to Ap (Ap – Ap(aa); top panel), and 
fitting ABG-Ah to Ap (Ap – Ap(Ah); bottom panel). 
 
 
index has first been fitted to Ap (bottom panel). Qualita-
tively the two indices follow each other well, except that 
ABG-Ah is larger than Ap in the late 1930s, in the ascending 
phase of solar cycle 17, and is less than Ap in some years 
of descending phase with strong CIR (corotating interac-
tion region) activity like in 1973–74, and 1994. Other-
wise Ap and ABG-Ah seize the same long-term variations 
of the near-earth space.  
 Correlation is only a measure of the overall agreement 
between two time series. In order to study the relative 
drifts between the two parameters, it is essential to look 
at the residuals of the fits. Figure 2 depicts the fit residu-
als of Ap – Ap(aa) (top panel) and Ap – Ap(Ah) (bottom 
panel). One can see in the top panel that the fit residuals 
are consistently above zero before the late 1950s, while 
they are below zero thereafter. On the other hand, the  
residuals of fitting Ap(Ah) to Ap show no such significant 
long-term drift. Thus, the aa index shows a systemati-
cally larger long-term increase than Ap or ABG-Ah, while 

the latter two depict a similar increase (in agreement with 
earlier results based on global comparison10,11). Thus, Ah 
even at a low latitude station gives a reliable local alter-
native to Ap. This result also seriously questions one of 
the most important recent results of space climate, the 
centennial doubling of heliospheric magnetic field strength 
that is partly based on the long-term trend depicted by aa. 
 The Ah indices offer not only better correlation with the 
Ap index than aa in most regions and a long-term robust-
ness, but also allow studying long-term tendencies in 
various latitudinal regions from high to low latitudes. Lo-
cal centennial trends of geomagnetic activity calculated at 
various latitudinal regions show a curious distinct latitu-
dinal pattern, being the largest at high latitudes, roughly 
half of that at low-latitudes, and, interestingly, the lowest 
increase was found at the mid-latitudes10,11. Thus, using 
only mid-latitude stations in long-term studies, as in the 
case of aa, inherently leads to an inaccurate estimation of 
the global long-term trend of activity level. To study this 
spatial dependence of the centennial evolution of geo-
magnetic activity became possible only by the introduc-
tion of the new IHV and Ah indices. Note also, however 
that the local Ah indices represent the local geomagnetic 
activity reliably down to the three-hourly time resolution 
unlike the IHV index, whose highest time resolution,  
being derived from night-side data, is only one day. (An 
in-depth study on high-frequency features of the Ah index 
can be found in Mursula and Martini10.)  
 The above problem with aa also agrees well both 
qualitatively and quantitatively with various previous  
reports on long-term inconsistency found in the aa  
index6,7,12–14 and strongly suggests that aa should be cor-
rected, or more preferably replaced for long-term studies. 
This involves that former long-term studies based on the 
aa index must be recalculated using either the corrected aa 
index, if it can be reliably corrected at all, or, rather, the 
Ah index. To eliminate the possible local effects when 
comparing a local measure to a global one, here we studied 
only annual averages. However, by forming the planetary 
Ah index we are reliably able to detect variations up to 
three-hourly resolution in global level as well. Since 
many stations started their operation in the early 1900s 
(e.g. continuous measurements started at ABG in 1904), a 
global averaging of the local Ah indices can also extend 
the global Ap series by roughly 30 years10,11. Therefore, 
the global and local Ah indices offer, both for centennial 
and shorter-term studies, an appropriate and reliable  
alternative to the more traditional measures of geomag-
netic activity at all latitudinal regions.  
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species of Phyllanthus L. 
 
Indu Sharma*, N. Sharma and H. Kour 
Department of Botany, University of Jammu, Jammu 180 006, India 
 
Three herbaceous species of Phyllanthus L. namely P. 
fraternus L., P. urinaria L. and P. simplex Retz. form 
overlapping populations in and around Jammu during 
April–October. All are monoecious and unique in 
placement of flowers beneath leaf axils. Flowers are 

small, nectariferous and not amenable to major polli-
nators. Ants are involved in pollen transfer in these 
species. Three species visit the plants, these belong to 
genus Camponotus and Monomorium. Although all the 
three plants species represent a typical case of ant–
plant mutualism, they differ in their dependence on 
ants for successful fruit set. P. simplex is totally  
dependent on ants, while P. urinaria and P. fraternus 
take the help of wind also. 
 
Keywords: Ants, monoecy, Phyllanthus, pollination. 
 
ANTS are among the most numerous and widespread  
insects on earth, with the habit of foraging heavily on 
plants. They are routine visitors to many plants offering 
nectar as a reward; however, their role in reproductive  
efficiency of plants remains controversial. Positive, nega-
tive as well as neutral aspects of their visits are reported. 
Some authors term them as neutral visitors because of 
their small size, due to which they are able to sneak in and 
out of flowers without even touching the anther/stigma1–3. 
The negative effect mainly includes reduction of the fre-
quency of visitation by insect pollinators due to the  
aggressive behaviour of the ants or by their capacity to act 
as nectar robbers4–8. Many ant species also are reported to 
secrete antibiotic substances that render pollen inviable9–14. 
 Studies on the positive effects of ant visitation to plants 
have mainly revolved around their role in protection from 
herbivores and in seed dispersal. Few field studies have 
also examined the role of ants in pollination and have 
shown them to contribute substantially to seed produc-
tion15–19. However, not much is known about ant pollina-
tion in the Indian subcontinent. In our studies on three 
species of the genus Phyllanthus L., i.e. Phyllanthus frat-
ernus L., P. urinaria L. and P. simplex Retz. forming 
natural populations in Jammu, we observed a definite role 
of ants in pollination. This communication deals with the 
details of some field experiments which were done to  
ascertain the role of ants in successful fruit and seed set 
in the three species mentioned above. 
 P. fraternus L., P. urinaria L. and P. simplex Retz. 
were selected during peak flowering, which occurs from 
April to October in the subtropical climate of Jammu. 
About 50 plants (N = 50) were selected per species. Plant 
and floral morphology were studied in the field from live 
plants. For calculating the sex ratio, the plants were  
selected when they were in full bloom. The number of 
male and female flowers was recorded for the whole plant. 
From the data thus generated, sex ratio was calculated as 
follows: 
 

 No. of male flowers per plant .
No. of female flowers per plant

 

 
Insect visitation frequency was recorded on plants in full 
bloom at regular time intervals from 9 am to 6 pm on 


