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We prove the theorem 1 for a semigroup generated by two or three TEFs as defined in above 
lemmas 1, 2, 3, 4, 5 and 6.  

Proof of the Theorem 1: Let S is a transcendental semigroup generated by two or three TEFs. If  
S is generated by two TEFs  f  and g  as defined in the lemmas 2 and 3, then by the theorem 3, 
there is at least a domain which lies in the pre-periodic  (or periodic or wandering) component  of 
the F(𝑓𝑓𝑛𝑛𝑘𝑘∘𝑔𝑔𝑛𝑛𝑘𝑘− ∘  …  ∘𝑔𝑔𝑛𝑛 ) and  F(𝑔𝑔𝑛𝑛𝑘𝑘∘𝑓𝑓𝑛𝑛𝑘𝑘− ∘  …∘𝑓𝑓𝑛𝑛 ), for all  n k, …, n1 ∈  ℕ. By the 
definition transcendental semigroup, any h ∈S = 〈f, g〉 can be written in either of the form h 
=𝑓𝑓𝑛𝑛𝑘𝑘∘𝑔𝑔𝑛𝑛𝑘𝑘− ∘ … ∘𝑔𝑔𝑛𝑛 or h = 𝑔𝑔𝑛𝑛𝑘𝑘∘𝑓𝑓𝑛𝑛𝑘𝑘− ∘ … ∘𝑓𝑓𝑛𝑛 , for all nk, …, n1 ∈  ℕ. Therefore, there is a 
domain D which lies in the pre-periodic (or periodic or wandering) component of the Fatou set 
F(h) for every function h of transcendental semigroup S. This shows that this domain lies in the 
pre-periodic (or periodic or wandering) component of the Fatou set F(S). Since for TEF, pre-
periodic (or periodic) domains are simply connected and so a domain within simply connected 
domains is also simply connected.  The construction of the functions in the lemmas 1 and 3, the 
domain which lies in the wandering domains is simply connected. If S is generated by three TEFs 
f, g and h as defined in the lemmas 4, 5 and 6, then by theorem 4 and similar argument as above, 
Fatou set F(S) contains simply connected domain. ∎ 

4. Concluding Remarks 

Theorem 1 is our main result and it is a generalization of the results of Dinesh Kumar and Sanjay 
Kumar [3] but we restricted our proof of this theorem to the transcendental semigroup generated 
by three TEFs. Rigorously, it is not known that the essence of this theorem holds if a semigroup 
is generated by more than three TEFs and it is indeed an open problem of coming research. We 
can only say intuitively, the essence of this theorem 1 may hold if semigroup S is generated by n-
TEFs. There is another strong aspect of this theorem which is-if a transcendental semigroup 
generated by such type of three TEFs, then the Fatou set is non-empty. 
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Abstract: As Nepal sits on the Indo-Eurasian plate boundary, it is highly susceptible 
to catastrophic earthquakes which have been posing a grave threat to the people of the 
country. Even though earthquake is one of the most destructive natural phenomena, its 
occurrence is still unpredictable. Advance warning of disastrous earthquakes is crucial so 
that the damage due to it is minimal. Different changes in the properties of groundwater 
prior to earthquake have been detected which can give important hints. Among them, 
the increase in fluorescent intensity of groundwater comprises a significant earthquake 
precursor. The positive holes, formed due to tectonic stresses in rocks with peroxy defects, 
interact with groundwater modifying the fluorescence intensity of water. In this study, we 
investigate the effect of seismic activity on the groundwater fluorescence intensity. The 
necessity of this examination for the country is also demonstrated. Taking into account 
the large variation in the groundwater quality and types of rock in Nepal, the investigation 
of fluorescent intensity using fluorometer may unravel different uncertainties and 
limitations. The simplicity of fluorometer in installation, methodology, maintenance, and 
its sensitivity up to large catchment area make it suitable for such investigation. Till now, 
variations of the groundwater fluorescent intensity have not been deeply studied in Nepal. 
This is of high importance in terms of earthquake forecast considering the high seismic 
activity in Nepal which lies on a very seismically active zone. 
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1. Introduction 

Numerous research studies concerning different precursors of impending earthquakes have been 
carried out for many years. Few countries like Japan, Mexico and Taiwan have been successful 
to warn people about the disaster few seconds earlier [2] by detecting weaker P-waves produced 
by earthquake before the arrival of the slower, more destructive S-waves. However, till now, 
the unequivocal precursory signals that help in forecasting earthquake few days or even hours 
earlier are still unknown. Among various pre-earthquake phenomena, the variation in fluorescence 
intensity of groundwater is one of the notable earthquake precursors. The studies carried out in 
countries like Italy, Switzerland have reported increase in fluorescence intensity of water due to 
pre-earthquake activities [3, 7, 10].
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When igneous and high graded metamorphic rocks with peroxy defects are stressed due to 
tectonic forces, positive holes are formed. These positive holes flow from stressed rocks to less 
stressed region where they react with water and organic compounds dissolved in it. This reaction 
results into various changes in the properties of water [8]. Due to this reaction, changes in pH 
[11], ion concentrations [21], stable isotope ratio [18], radon count rates [9], and conductivity of 
groundwater takes place. Apart from these changes, change in water fluorescence of water prior 
and post the earthquake is also detectable. Fluorescence is the emission of longer wavelength 
of light by a molecule that has been excited by light with a shorter wavelength and fluorescence 
intensity is the measurement of the emitted light [25]. In field, changes in fluorescence intensity of 
water are measured commonly using fluorometer. Real time monitoring of fluorescent intensity of 
groundwater in Nepal may be lucrative in determining correlations between changes in fluorescence 
and earthquakes. 

The contrast in topography of Nepal gives rise to different climatic regions and there is huge 
variation in its natural resources. On the other hand, Nepal globally ranks 11th position in terms of 
earthquake risks [22]. It sits on Indo-Eurasian plate boundary and the presence of tectonic features 
like Main Central Thrust (MCT), Main Boundary Thrust (MBT) and Himalayan Frontal thrust 
(HFT) further accelerates the seismic risk [24].The devastating 7.6 magnitude Gorkha earthquake 
struck Nepal on 25 April, 2015 A.D. taking away lives of approximately 9,000 people and turning 
more than 500,000 houses into debris [12]. Since the first recorded earthquake on 7 June, 1255 A.D. 
– which killed one-third of population of the Kathmandu valley – numerous major earthquakes 
have taken place in Nepal [12].

Even with remarkable advancement in science and technology, earthquake prediction remains a 
challenge. Such disastrous earthquakes leading towards terrible economical and emotional human 
losses need global attention. The seismic activities and easily available resources constitute Nepal 
a suitable place for carrying out experimental investigations about earthquakes. The main shock of 
Gorkha earthquake was followed by 553 aftershocks of local magnitude greater than 4.0 within the 
first 45 days [1] which might have provided us enough data to establish the relationship between 
water fluorescence and earthquake however due to the lack of proper infrastructure and planning 
that opportunity was missed. As earthquake shocks are still occurring in different parts of the 
country [13], the uncertainties about the changes in fluorescence intensity might be disclosed 
still in considerably short period of time. The relationships between water fluorescence and other 
properties of water is also a subject of study which might be of great contribution in earthquake 
forecasting system.   

In this study, we have suggested that due to the seismicity, the variation of groundwater quality, 
and suitability of fluorometer, the real time monitoring of water fluorescence should be carried out 
shortly in Nepal. This investigation has high expectation of answering the unresolved questions 
about actual nature of water fluorescence intensity and earthquake. 

2. Fundamental on Groundwater Chemistry

As igneous rocks and high graded metamorphic rocks are formed from crystallization of  laden 
magmas, they contain solute OH- pairs. On further cooling, the OH- pair goes through redox 
conversion resulting into the production of peroxy defects as shown in equation (1). Two oxygen 
atoms, each with valence state -1,when bonded tightly form peroxide anion which is electrically 
inactive [6].
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The positive holes charge carriers oxidize water and organic compounds dissolved altering the 
fluorescent intensity of the ground water. The organic components in water responsible for the 
change in its fluorescence intensity are still unknown [10]. Such modifications of the fluorescence 
intensity can be considered as earthquake precursors [10]. 

3. Discussion

Monitoring the fluorescence intensity of groundwater due to seismic activity might be a breakthrough 
for earthquake prediction. Only limited number of studies has been carried out to establish the 
correlation between seismicity and fluorescence intensity of groundwater. Measurement of the 
fluorescence intensity in varieties of groundwater resources available and in different types of 
rocks in lower and higher Himalayas of Nepal may generate crucial hint for prediction of the 
disaster.

3.1 Measurement of Fluorescence Intensity of Groundwater

Variations in different properties of ground water prior to seismic events have been proven to be 
associated with the impending earthquakes[14].Changes in fluorescent intensity were observed 
in 1999 using synchronous scans of fluorescent spectra in water samples collected prior and post 
Izmit earthquake in Turkey . In water samples collected 7 weeks prior to the Izmit earthquake 
from different locations of Turkey showed remarkable rise in fluorescence intensity [3]. Two 
earthquakes with magnitudes of 6.0 and 5.8 occurred in Modena City in Northern Italy on May 
20, 2012, and on May 29, 2012 respectively. Mineral water of brands Lieta, Ventasso, Cerelia and 
Monte Cimone bottled before and after these two shocks were collected and their fluorescence 
intensity was analyzed using the synchronous scanning method. It was found that the fluorescence 
intensity of the investigated Monte Cimone water samples reported significant increase from April 
21, 2012 i.e. many days before the occurrence of the two earthquakes [7]. In 2015, fluorescence 
intensity using GGUN-FL30 fluorometer was monitored in two different springs of Baden and 
Rheinfelden, Switzerland for a period of 11 weeks. The results also documented increase in 
fluorescence intensity of water days before the occurrence of minor earthquake in Andelfingen 
[10]. The results of such different observations presented the detectable increase in fluorescence 
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intensity days before impending earthquake which can be used for early warning. Further detail 
investigation is necessary to find the definite nature of fluorescence intensity of water.

Fig. 1 presents the arrangement of fluorometer on the field for real time monitoring of fluorescence 
intensity of groundwater. The optical system of the fluorometer is immersed in groundwater and 
the water flows through a quartz tube inside a steel case. The system consists of LEDs and light 
source that can be used to excite the fluorescent components in the water. The emissions of the 
excited fluorescent components of water are filtered to determine the wavelength range detected 
by photodiodes [16].The received signal is transferred to the data logger consisting of acquisition 
parts and batteries. The data can be directly displayed for real time monitoring or can be stored for 
future analysis. Since the installation, methodology and maintenance of fluorometer is convenient 
it may be further used in many other places for real time monitoring. The sensitivity of the device 
is up to wide catchment area and with wide range of wavelength of spectrum [10].

Fig. 1: Schematic diagram of fluorometer arrangement for real time monitoring of 
water fluorescence on the field (modified after Schnegg, 2002)

The imprecise but propitious results present the need of further investigation about behavior of 
groundwater during earthquake in more suitable countries. Experiments carried out so far is still 
insufficient to determine the expected shape and duration of increasing fluorescence intensity 
curve prior to earthquake, therefore a real time monitoring of water fluorescence using fluorometer 
in seismically active zone with abundant resources, such as Nepal, is essential. 

Currently, the fluorometer application is widely used in various scientific fields. Determination 
of fluorescence yield was first accomplished by Vavilov in 1924 and the invention of fluorometer 
was initiated by antimalarial research during World War II to calculate the amount of drug reached 
to the blood. Application of fluorometer for real time monitoring of fluorescence intensity of 
groundwater could be exploited for the purpose of earthquake prediction. 

3.2 Applicability of Water Fluorescence Monitoring in Nepal

Fluorescent intensity changes were first observed in 1999 and many studies have been carried out 
regarding peroxy and positive hole charge carriers which are responsible for such changes. But 
till date, the numbers of dissolved organic substances that are present in the oxidation reaction 
involving the charge carriers are unknown. In addition, the external factors which influence the 
fluorescence intensity besides aquifer mixing and anthropogenic influxes are not yet known[10].
Nepal is not only seismically active but it is also naturally blessed with diverse rock composition 
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and immense underground water resources that can be exploited to elucidate such uncertainties. 
Only within area of 147181 km2 Nepal has diverse environment resulting from its large topographic 
variation consisting of low flat lands of Terai to enormous steep peaks including world's highest 
mountain, Mount Everest [24]. Therefore, the installation of fluorometer in several  regions with 
various types of groundwater resources in Nepal, it may help to divulge the different factors 
influencing the fluorescene, such as the  igneous and metamorphic rocks which are formed by 
cooling produce peroxy and positive holes under seismic stress [19]. High Himalayan and lesser 
Himalayan zones of Nepal are covered with suitable varieties of metamorphic rocks which favor 
the establishment of fluorometers.

•	 Higher Himalayan zone is characterized by the presence of high grade metamorphic rocks; 
mostly gneisses of various types. The lower succession consists of Kyanite-Silliminite 
gneisses and some quartzites. The middle part consists of calcareous gneisses interbedded with 
argillites. The top most part comprises of augen gneisses, granitic gneisses and migmatites. 
Acid magmatism is the major part of top sequence consisting of layers of leuco-granites, 
granitic gneisses and pegmatites [5].

•	 Lesser Himalayan crystallines consist of metamorphosed rock sequence somewhere overlies 
by fossiliferous sedimentary cover. Typical rock types are schists, phyllites, quartzites, 
limestones, dolomites as well as argillo-arenaceous and argillo-calcareous rocks with horizons 
of marble beds. This zone is intruded by granite rocks and gnessified [5].

In real time monitoring of the water fluorescene, fluorometer is completely submergered in 
groundwater [16]. Thus, continuous availability of groundwater in the working field is also 
crucial for this investigation. There are various locations in Nepal where sources of groundwater 
are abundant. According to Water Environment Partnership in Asia, the groundwater sources of 
the country get recharged by 12 km3 per year. Groundwater is available in most parts of the 
country, however the amount and depth vary from place to place. In the Terai, the upper unconfined 
aquifer (50–60 m) has been considered as good productive shallow zones and most of groundwater 
production is limited to upper 250 m [17]. Groundwater resources recharge in the Terai is estimated 
to be 8800 MCM/year [17].

Besides investigating of rock characteristics, groundwater condition and chemistry, specific river 
basins can be selected by analyzing seismicity - earthquakes (greater than 4 magnitudes) in each 
watershed which occurred within 2000 A.D. to 2018 A.D. [23]. It was observed that the frequency 
of occurrence was notable in Bagmati, Gandaki and Karnali Basins. So, these regions may be 
favorable for installation of fluorometer. Inspection of fluorescent intensity of water samples from 
various thermal springs located in suggested basins [15] can also be done regularly as performed 
in Italy [7]. This will help in verification of the result obtained from real time monitoring system. 
But different other factors like human disturbances to water flow, quality of water, transportation 
facilities, and power supply are also considered while selecting the site for the installation.

Past  records show that places like Dolakha and Sindupalchowk which were the epicenters of 
the major earthquakes in 2015 are still seismically active [13]. Sindupalchowk and Dolakha lies 
in lower and upper Himalayan zones with Main Central Thrust in between them [20]. Many 
parts of these places have not been urbanized yet so, anthropogenic influxes which affect the 
components of groundwater resources need not be taken into account for real time monitoring of 
water fluorescence. Proper study and analysis should be further done for such places which are 
favourable for installing fluorometer. Minor earthquakes of magnitude 4 are still common in Nepal 
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as a result of aftershocks of 2015 earthquake [13]. Also because of tectonic features of Nepal, 
new earthquakes are probable to occur. Taking advantage of current seismicity of the country, 
the real time monitoring of water fluorescence might answer countless global questions about 
pre-earthquake events. Examination in various ground water sites with different seismicity and 
extended monitoring periods will provide enough measurements. And, proper analysis can unravel 
the shape of fluorescence intensity curve and move us closer to the one of the biggest challenge of 
modern science, i.e. earthquake prediction. 

4.  Conclusion

In present situation, it is essential of real time monitoring of water fluorescence to be carried out 
in Nepal. The proposed technology is applicable with respect to rock composition, seismicity and 
groundwater condition of Nepal. The appropriate places for the installation of the fluorometer 
among the suggested river basins should be studied in detail so that more precise results could 
be obtained. The behavior of other parameters of water and fluorescence prior to earthquake 
should also be correlated along with other earthquake precursors. Because of the uncertainty of 
occurrence of earthquake, people in seismically active zone are always in fear of it. The nature of 
long term fluorescence curve along with other pre-seismic signatures may help predict earthquake 
day to a week before. Such crucial information finally may help forecast, plan and prepare to the 
earthquake too. Earthquake forecasting system however requires long term observation of multiple 
parameters such as ionospheric perturbations, groundwater fluorescence, and other pre-seismic 
events- if possible to be installed- will save countless lives and the properties that invites due to 
earthquake. 
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