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ABSTRACT - ð In Nepal, drinking unsafe water is attributed for the mortality of 13,000 children. The prevalence of this cause of 

morbidity and mortality in many poor rural regions has created a need for water quality intervention. These days various household 

drinking water treatment options are currently available in Nepal. Almost 85% of Nepalese population use cooking stove and more 

than 70% of the heat energy is wasted through chimney of cooking stove. Three different heat exchangers with different efficiencies 

were designed for Water Pasteurization by utilizing waste heat of flue gas.  

Locally available hollow aluminum pipe (internal diameter 8 mm, length 3.65 m) was coiled into a spiral ovular helix of 12 cm in 

diameter. Two different heat exchangers with coiled unit placed inside and outside of the chimney were designed. Similarly a jacket 

type heat exchanger with 0.5m height was also designed for Water Pasteurization. 

With 6 hours of average cooking period per day, total water output from three different prototypes was found in the rage of 24 to 28 

liters/per day. Water quality test for treated samples from three different prototypes was done and the E. coli test result was less than 5 

CFU/100ml and thus treated water was safe to drink. 

 

Keywordsð Heat exchangers, Pasteurization, Improved cooking stove, E. coli, Thermal efficiency, Water boiling test, Carbon 

trade, Biomass, Flue gas, Distillation, Heat transfer. 

Introduction  

Solid biomass fuels such as wood, dung and agriculture residue are used by more than 85% of the Nepali population for daily cooking 

and heating activities (CBS, 2007). Two major characteristics of energy systems in Nepal are excessive dependence on biomass 

energy and very low efficiency in its use. Similarly, many household water treatment systems (HWTs) are currently available in Nepal 

to treat unsafe water. Many household water systems such as solar disinfection (SODIS), Boiling, Chlorination and filtration has been 

developed and promoted by different NGOs and GOs like Environment and Public Health Organization (ENPHO). 

Indoor air pollution and unsafe water are two major environmental risk factors in the developing countries (Corvalán and Üstün, 
2006). Globally, 1.8 million people, mostly children, die from waterborne diarrheal disease annually (ITDG, 2004; Smith etal.,2004; 

WHO 2007a, 2007b). In Nepal, drinking unsafe water is attributed to the mortality of 13,000 children (DWSS and UNICEF, 2006; 

WHO, 2007; UNICEF, 2005). The occurrence of these major causes of mortality in many poor rural regions of Nepal has created a 

need for water quality interventions. Thus there is a need to develop an integrated technology that eliminates risk factors at the rural 

level. 

Heat exchangers can be installed in the chimney for water pasteurization in improved cooking stoves making it safe to drink and 

utilization of heat from the waste flue gas increases the overall efficiency of the stove system. This technology uses pasteurization 

method for water purification, where water should be maintained at certain temperature for certain period of time in the system. In 
order to do so, retention time of water in the system plays a critical role for purification. Alike pasteurization, distillation is also a 

process of water purification. Distillation involves boiling the water and then condensing the steam into a clean container. Water 

purification, such as distillation, is especially important in regions where water resources or tap water is not suitable for ingestion 

without boiling or chemical treatment. Use of this distilled water for drinking can contribute a lot in reducing death rate due to water 

borne disease. 

Heat exchangers are devices that facilitate the exchange of heat between two fluids that are at different temperatures while keeping 

them from mixing with other. Heat transfer in a heat exchanger usually involves convection in each fluid and conduction through the 
wall separating the two fluids. During the analysis of heat exchangers, it is convenient to work with an overall heat transfer coefficient 
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U that accounts for the contribution of all these effects on heat transfer. The rate of heat transfer between the two fluids at a location in 
a heat exchanger depends on the magnitude of the temperature difference at that location, which varies along the heat exchanger. In 

the analysis of heat exchangers, it is usually convenient to work with the logarithmic mean temperature difference LMTD, which is an 

equivalent mean temperature difference between the two fluids for the entire heat exchanger. 

 

 Principle of Heat Exchanger (parallel flow) 

Methodology 

The range of method includes both primary and secondary analyses, with activities ranging from direct field investigation to elaborate 

desk works. The methods along with the detail procedures followed are described below. 

Literature review  

It is essential for the development of theoretical foundation as well as to gain current knowledge on related topic including substantive 

findings. Also, some required secondary data can be extracted through literature review. 

Experimental activity  

The experiment was performed to measure the mass flow rate of flue gas as well as average temperature of the flue gas in chimney. To 

design the heat exchanger we need to find the design parameters. The major design parameters are temperature profile of the chimney, 

flow rate of the water to be obtained, mass flow rate of the flue gas, thermo physical properties of water, flue gas and materials.  

In order to find out these design parameters some primary lab testing were carried out and the thermo physical properties were 

determined from different literature. After some primary lab testing, the temperature profile of the chimney was known by using 

thermocouples. To determine the mass flow rate we used excel sheet based software and determined the velocity of flue gas in the 

chimney. After determining the velocity of the flue gas, discharge and hence mass flow rate of flue gas using continuity equation was 

determined. 

ὗὈ= ὠ.ὃ 

Then, total heat transfer rate of chimney section was calculated. 

      ήί= ά.ὅὴ.Ὠὸ 

      Design of heat exchangers 

The design of heat exchangers was done by writing a program in MS-Excel. Heat exchanger was designed using concept of parallel 

flow heat exchanger. Different assumptions were made before designing the heat exchanger which is mentioned below: 

i. Negligible heat loss to surroundings. 

ii . Negligible kinetic and potential energy changes. 
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iii . Constant Properties 

iv. Negligible fouling factors. 

v. Fully developed conditions for the water and flue gas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schematic Representation of Methods Applied for designing Heat Exchangers 
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Fabrication of heat exchangers 

First model of heat exchanger i.e. aluminum coil inbuilt inside the chimney was made by coiling the aluminum coil in the inner wall 

of the chimney. The total length of the aluminum coil that was calculated to obtain the predefined quantity of distilled water i.e. 3 l/hr 
was found to be 3.8 m i.e. 11 no of turns but extra 2 no of turns was added for factor of safety and uncertainties. But the length of the 

aluminum coil that is normally available in the market was only 3.65 m i.e. 9.7 no of turns. The inlet hole was made at the bottom of 

the chimney where the temperature is very high about 600 °C. The outlet hole was made at a location where the chimney temperature 

was about 400 °C. 

 

Fabricating first Prototype (Aluminum Coil Inside) 

Second model of heat exchanger i.e. aluminum coil winded outside the chimney system was fabricated to overcome the problem of 

tar deposition in the first model. Length of aluminum coil calculated was 3.65m. Both the concentric cylinders were made up of cast 

iron of 1mm thickness. The aluminum coil was then winded on the outer surface of the inner cylinder. . Concentric cylinders were 

bonded together on both the ends with cylindrical cast iron metal sheet, welded finely along the perimeter of the cylinder to avoid the 

leakage of flue gas two holes were made in the system one for the inlet and the other for the outlet pipe for the water flow. This inbuilt 

system has to be placed in the chimney system to be fitted with nut and bolts 

 

Second prototype (Coil and Jacket combination) 

Third model  of heat exchanger i.e. sealed concentric cylinders was made of Galvanized Iron sheet because they avoid the problem of 

rusting. The height of the heat exchanger was 0.5 m, with gap between the concentric cylinders to be maintained at 15 mm on both the 

sides. Since, the water is contained in between the cylinders the system should be free from rusting to maintain the quality of water for 

drinking purpose. Two concentric cylinders were attached together properly by sheet bending and pressing technique as arc welding 

on GI sheet was not possible. To ensure the leakage problem, M-Seal and Silicon Gel were used all around the joints. Two holes for 

inlet and outlet water similar to that of the previous system was also made using hand drill 
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Third Prototype (Jacket type) 

Testing of heat exchangers 

Before starting the test, both qualitative and quantitative information about the stove, fuel and the test conditions was recorded. These 

include: 

a) Air temperature, 

b) Average dimensions of wood (length x width x height) 

c) Wood moisture content (%-wet basis) 

d) Dry weight of standard pots 

e) Local boiling point of water was determined by using the same digital thermometer and sensor that was used in the testing.  

These parameters were recorded in the WBT data sheet along with the weight of the fuel wood that was used. Once these parameters 

had been measured and recorded and the fuel was prepared, the test was started.Three different models of heat exchangers were tested 
independently. Bucket was filled with 20 L of water and placed in a place maintaining the height for water pressure. Blocker was used 

so as to maintain the water flow rate entering the system. Then, stove was run in normal condition. Ten minutes after running the 

stove, the outflow of water from the bucket was started. The amount of distilled water collected in ten minutes was noted. The 

condensation of the steam was done by bending the outlet pipe. But, complete condensation was not found to occur. Condensation of 

steam was carried out by introducing the stem directly into beaker containing 3 liters of water. Gradual temperature increase in water 

was also noted. The temperature rise of the raw water was noted in different time. Once the water reached Pasteurization temperature, 

steam was introduced in the container containing 3 liters of water for another ten minutes. Then, sample was taken for Escherichia 

coli (E.coli) test. Final amount of water condensed in the beaker was noted. 

 

Result and discussion  

The effectiveness of three different models of heat exchanger was different from one another. The effectiveness of heat exchanger is 

based on the amount of heat transferred from the hot fluid to the cold fluid. During our project we conducted numbers of tests. Results 

based on those experiments are discussed below. 

First model of heat exchanger had the maximum ability of heat transfer from the flue gas to the water. With 9 no of turns of 
aluminum coil, the amount of distilled water collected in the beaker was found to be 280 ml in 10 minutes. This implies the flow rate 

to be 1.68 L/hr. This model of heat exchanger being more efficient than other models in terms of heat transfer was failed in long run 

use because of the tar deposition. The flue gas in the chimney contains tar, which is a complex organic compound gets deposited in the 

aluminum coil. The tar behaves as an insulating material and reduces the amount of heat transferred to the aluminum coil hence 

reducing the efficiency of the coil and ultimately the heat exchanger system. Another big problem of this model is cleaning of the 

system. To overcome this problem other two models of heat exchanger were proposed. 

The second model of heat exchanger had lesser efficiency than that of the first model. That was because the heat from the flue gas is 

not directly transferred to the aluminum coil rather it is first transferred to the cast iron cylinder and then to the aluminum coil. This 
system overcomes the tar deposition problem on the aluminum coil which helps in increasing the life time of the system. Thus, on the 

long run use this system is efficient and the temperature resistivity of cast iron is also more than that of the aluminum which increases 

the proximity of the system. However, the fabrication of this heat exchanger is more difficult and time consuming than the previous 
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one. This is also more expensive than the previous one as the cost of the cast iron is also included along with the aluminum coil. Total 
amount of distilled water collected was 1.02 L/hr 

The third module  of heat exchanger was efficient in terms of heat transfer but was very difficult to fabricate. Joints were sealed by 

bending and pressing technique which is very difficult to perform and time consuming. The joints were not completely leak proof and 

M-seal was used to counter it. But due high temperature about 600 ºC the life of M-seal is shortened and after few hours, the system 

was suffered from the leakage problem. The amount of distilled water collected was found to be 1.5 L/hr. 

 

Output flow rates of the system. 

Water collected through Pasteurization 
Distilled water was collected by condensing the vapor directly into container containing 3 liters of water. 

Heat exchangers Initial volume of 

water 

(L) 

Final Volume of 

water 

(L) 

Amt. of Distilled 

water 

 (L) 

Total vol. of water 

pasteurized. 

(L) 

First Model 3 4.68 1.68 4.68 

Second Model 3 4.02 1.02 4.02 

Third Model 3 4.5 1.5 4.5 

Final amount of water pasteurized in one hour. 

 

The steam was condensed in a beaker containing 3 liter of raw water of temperature 25.3°C. During condensation, steam 

was introduced directly into the raw water and gradually the temperature of the water which was at 25.3°C started to rise and 

reached 83.7 °C in 30 minutes. Further maintaining the water for ten minutes, the water can be expected to get pasteurized. 
As we know the water at 80 °C when heated for ten minutes gets pasteurized. 
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Volume of water pasteurized per day 

Considering the stove to be used in an average of 6 hr/day, the total amount of pasteurized water including the distilled water collected 

per day was found to be 28 L/day, 24 L/day and 27 L/day for first, second and third model respectively. For a normal family in Nepal 

this quantity of drinking water is sufficient for a day. 

E. coli testing 

 

 
 

Three samples of three different prototypes were taken for lab test.  The colony counting for the raw water was TMTC (too many 

to count). Colony counting for treated was within the WHO guideline for Drinking Water, which is less than 5 CFU per 100ml. 

This result shows that the treated water is safe to drink. 

Thermal Efficiency:  
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  Results from WBT 

This result shows that the overall efficiency of the system (ICS) is not disturbed by embedding heat exchangers in chimney but it 

definitely increases the overall efficiency of the system. However, overall efficiency calculation was not done. 

Cost and Energy saved by implementing the system: 

Heat 

Exchanger 

Vol. of Pas. 

Water 

( ltr/hr) 

Daily 

production 

(ltr/day) 

Fuel wood 

saved 

(tons/year) 

Total cost saved 

per year. 

(Nrs) 

Amount of 

carbon 

reduction 

(Ton/yr.) 

Amount earned 

by carbon trade 

(USD/yr) 

First Module 4.68 28 10.074 60444 4.28 128.4 

Second 

Module 

4.02 24 8.803 52818 3.68 110.4 

Third 

Module 

4.5 27 9.855 59130 4.12 123.6 

Total amount of cost and fuel wood saved by Heat exchangers and amount earned by carbon trade 

The heat energy contained in flue gas is wasted to the atmosphere. Heat Exchangers use the waste heat and helps in producing 

Pasteurized Water which can be used for drinking purpose. This means we had saved the significant quantity of firewood that 

would have been needed to generate drinking water. It is estimated that 1 kilogram of wood is needed to boil 1 liter of water and 

make it drinkable (WHO, Water sanitation health). The local firewood cost in Dhulikhel is Nrs. 6/kg.1kg fuel Wood generates 

418 gm carbon equivalent of carbon emission in ICS (Bajracharya, 2010). Nordhaus has suggested, based on the social cost of 

carbon emissions, that an optimal price of carbon is around $30(US) per ton carbon equivalent of carbon emission  and will need 

to increase with inflation( Nordhaus, carbon credit).  

CONCLUSION 

All the heat exchangers were able to recover the wasted heat to some extent. The wasted heat was recovered by pasteurizing the water 

which is finally used for drinking purpose. The blending of the heat exchanger to the chimney system didnôt decrease the overall 

efficiency of the Stove. Thus we can say that by blending the heat exchanger with the chimney system will certainly increase the 
overall efficiency of the stove system but further research should be carried out. The collected pasteurized water was safe for drinking 

meeting the WHO standards. Installing the heat exchanger helps to reduce the quantity and cost of firewood that would have been 

needed to generate drinking water resulting to carbon emission reduction and carbon trading. The installation of heat exchanger in the 

chimney system is very easy and simple which can be installed in any stove either traditional or improved cooking stove having 

chimney system.  

Finally, we would like to conclude that by installing these heat exchangers in the chimney system helps to generate pure drinking 

water economically recovering the wasted heat from the chimney and reducing the carbon emission. 
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ABSTRACT - The cercaricidal activity of a mixed solamargine (1) and ɓ-solamarine (2) solution were directly tested against 

Schistosoma mansoni cercariae and a time-concentration relationship was observed; the concentrations needed to kill all cercariae 

(LC100) within 10 min of exposure were 0.01 mg/mL. Mixed solamargine (1) and ɓ-solamarine (2) solution have a high level of 

cercaricidal activity against free swimming cercariae and it seems to be ecologically safe, since it is known to have very low toxicity 

to fish. The possible use of such sublethal concentrations in schistosomiasis transmission sites as an oriented promising technique to 

control this parasite and to minimize or prevent water pollution with pesticides. 

  

Introduction  

Schistosomiasis, a disease of various mammals including man, is caused by blood flukes of the genus Schistosoma (Brown, 1980). It 

is still a major helminth infection in the world at the beginning of the 21st century and an important public health problem in many 

tropical and bubtropical countries. Schistosomiasis is one of the major communicable diseases and it is second after the malaria in 

socio-economic and health importance in the developing countries (Bergquist and Colley, 1998; Larhsini et al., 2010). It is endemic in 

74 countries in the world (WHO, 1985), affects 200 million people, expose 800 million to the risk of the infection (Gryseels, 1991; 

Capron and Capron, 2002; Bilia et al., 2000). 

 

Controlling of the snail intermediate hosts of this disease by molluscicides (synthetic and/or of natural origin) is still one of the most 

promising means (WHO, 2009; Bagalwa et al., 2010; Mahmoud et al., 2011; Adewumi et al., 2013). There are different kinds of 

schistosomiasis, but in all cases, the life cycle involves in the aquatic snails. The parasite multiplies into hundreds of cercariae in the 

snail and that can penetrate the intact human skin who is exposed to infected waters after leaving the snails (Marston and Hostettman, 

1993). Chemotherapy is a general strategy for schistosomiasis control; but another more interesting strategy is to interrupt the disease 

vital cycle by snailôs or cercariaeôs elimination.  

For the control of snail-borne diseases, several synthetic compounds were developed such as copper sulfate, sodium 

pentachlorophenate, sulphonated hydrocarbons, tributylin fluoride. Only niclosamide (marketed as Bayluscide; Andrews et al, 1983) 

is widely used in control programs (Perrett and Whitfield, 1996). On the other hand, there is probability that some resistance to 

niclosamide can be induced under extreme conditions of genetic selection of the snails (Sulivan et al, 1984). Therefore, the potential 

use of plants for the biological control of the intermediate hosts of human schistosomiasis and other snail - transmitted parasitic 

infections has received a considerable attention (Medina and Woudbury, 1979; Kloos and McCullough, 1985; and Kloos et al., 1985 
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and Perrett and Whitfield, 1996). The use of plants with molluscicidal properties is simple, inexpensive, and appropriate for the local 

control of the snail vector (Marston and Hostettman, 1993). 

 

The phytochemical investigation of Solanum szybrilifolium (Solanaceae), species plants known to synthesize steroidal alkaloids and 

spirostane derivatives and some of which has shown the molluscicidal activity of plant (Wanyonyi et al., 2003).  But its cercaricidal 

activity is not known until now. In our study, the methanolic extract of the fruit of Solanum szybrilifolium was fractionated and the 

biological activity of one fraction (B) was tested against cercaria produced by snails infested by Schistosoma mansoni. Two known 

compounds, solamargine (1), a chacotriose solasodine, and ɓ-solamarine (2), a chacotriose tomatidenol, isolated from the active 

fraction B were reported for the first time in Solanum szybrilifolium (Bagalwa et al., 2010). This fraction B has been presented as 

potential molluscicide in the future snail control programs with a careful monitoring on the environmental damaging effects, 

especially when indigenous populations use this plant for fishing during the dry season (Bagalwa et al., 2010).  

In the present work, we describe the cercaricidal activity of the fraction B isolated in Solanum szybrilifolium  collected in East part of 

the Democratic Republic of Congo. The result of such study may provide cheap, locally produced, biodegradable and effective control 

agents against schistosomiasis in rural areas of developing countries where this disease is endemic.  
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Figure 1. Structure of solamargine (1) and ɓ-solamarine (2) 

Material and Methods 

Cercariae obtain 

Schistosoma mansoni cercariae were obtain from snail Biomphalaria pfeifferi collected in the streams located at Lwiro (Kalengo and 

Birunga) using plankton net and kept in the laboratory of Malacology of the Centre de Recherche en Sciences Naturelles (Bagalwa 

and Baluku, 1998). In fact, snails were put in container with deionised water and exposed to artificial light for 3 h and the cercariae 

that released from snails in this period were concentrated by their phototropism on the top of a container made black on the base. The 

cercariae that were collected from the container by graduated wells (0.3 mL) and had the same emergence age (Helmy et al., 2007; 

Medina et al., 2009).  

Extraction and isolation of the steroidal alkaloids Saponin 

The dried and powdered fruit (300 g) was extracted with 96% methanol. The MeOH extract was concentrated and precipitated with 

acetone. Then, the crude saponin precipitate was dialyzed to give a saponin rich extract (2.69 g). This extract (2.5 g) was fractionated 

by VLC on reversed phase C18 (MeOHïH2O, 60:40, 70:30, 80:20 and 100:0, each 300 ml) to give fraction A (1.52 g), B (680 mg), C 

(277 mg) and D (58 mg), respectively. Fraction A was repurified by RP-18 VLC (MeOHïH2O, 40:60, 60:40, 80:20 and 100:0, each 
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200 ml) to give fraction A1 (1.08 g), A2 (64 mg), A3 (116 mg) and A4 (212 mg). A part of fraction B (100 mg) was chromatographed 

on silicagel CC (4 g) eluted with a gradient of CHCl3ïMeOHïH2O (70:30:1 to 70:30:2) to give 1 (20 mg). A part of fraction C (70 

mg) was purified by silicagel CC using a gradient of CHCl3ïMeOH (9:1 to 7:3) followed by preparative TLC on silicagel with 

CHCl3ïMeOHïH2O (70:30:5) as eluant, to give solamargine (1) (13 mg) and ɓ-solamarine (2) (5.8 mg). 

Preparation of dilution and Cercaricidal activity 

A series of concentrations of mixed solamargine solution was prepared on basis of weight/volume using deionised water. Therefore, 

0.6 mg of mixed solamargine was dissolved in 10 mL of deionised water. Six concentrations were made by dilution with deionised 

water (0.06; 0.03; 0.01; 0.001; 0.0001 and 0.00001 mg/mL).  A standard was made with 0.1 mg of digitonine in 100 mL of distilled 

water (0.0001 mg/mL) (Bagalwa et al., 2010). Approximately 20-30 freshly emitted cercariae were placed in each well and three wells 

for each concentration were tested (using different gradual concentrations) and it is the same for the positive (digitonine) and negative 

(distilled water) control. During the exposure period, the cercariae were observed under a binocular loupe after 10, 20, 30, 40, 50 and 

60 minutes. The observation was made on the cercarial movement and mortality recorded at successive intervals of time.  50 ml of 

deionised water containing 20-30 fresh cercariae were used as negative control (Ritchie et al., 1974; Medina et al., 2009) and another 

group of cercariae was exposed to digitonin as a positive control. Results were expressed in percentage in terms of destruction of the 

cercariae. The effectiveness of the tested isolated extract on Schistosoma mansoni cercariae was determined (Litchfield et Wilcoxon, 

1949). The collected data was computerized to give LC00, LC50, and LC100 values determined by probit analysis. 

 

Results  

Compound 1 and 2 (Figure 1) at the concentration going from 0.01 mg/mL to 0.06 mg/mL, presents a high activity against 

Schistosoma mansoni cercariae, killing the totality of the cercariae (100 %) in 10 minutes (Table 1). 

 

Table 1. Cercaricidal activity of mixed solamargine (1) and ɓ-solamarine (2) solution isolated from Solanum syzybrilifolium according 

to the time of exposure 

 

 

Extrait Concentration 

tested (mg/mL) 

Mortality rate (%) of cercariae after exposure period (minute) 

10 20 30 40 50 60 

Solarmagine 

and ɓ-

solamarine 

0.06* 100 100 100 100 100 100 

0.03 100 100 100 100 100 100 

0.01 100 100 100 100 100 100 

0.001** 19±13 31±5 50±0 61±5 61±5 86±5 

0.0001 0 0 0 11±5 11±5 14±5 

Control 

deionised 

water 

 0 0 0 0 0 0 
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Control 

digitonin 

0.001 100 100 100 100 100 100 

0.0001 0 0 0 0 0 0 

Legend:  * Lethal concentration of fish (LC100) 

** No effect to fish (LC00) 

  

The mortality rate of cercariae varied with time and concentration of the solamargine rate. From concentration 0.06 mg/mL to 0.01 

mg/mL the mortality rate is 100 % equivalent to the concentration of 0.001 for the digitonin.  At the concentration of 0.001 mg/mL the 

mortality rate increased with the time of exposure as shown in figure 2.  

 

 

 

 

Figure 2. Mortality rate (%) of cercariae at the concentration of 0.001 mg/mL of solamargine (1) and ɓ-solamarine (2) extract from 

Solanum syzybrilifolium according to the time of exposure (min) 

 

The LC00, LC50 and LC100 of the cercaricidal activity at different time of exposure is presented in table 2. 

 

Table 2. Cercaricidal activity  (mg/mL) at different time of exposure 

 

Lethal 

Concentration 

Concentration (mg/mL) after exposure period (minute) 

10 20 30 40 50 60 

LC00 0.01 0.01 0.01 0.01 0.01 0.01 

LC50 0.0047 0.0048 0.0037 0.0033 0.0031 0.0025 
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LC100 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

 

The LC50 of the solamargine decreased with the time of exposure. But the LC100 and LC00 doest not varied in time. 

The relationship between the mortality rate and the time of exposure is present in the figure 2.  

 

 

 
Figure 2. Correlation relationship between the mortality rate (%) and the exposure time (minute) of cercariae again extract at 0.001 

mg/L. 

 

This figure shows a positive correlation between mortality rate and the time of exposure of cercariae at the concentration of 0.001 

mg/mL.   

 

Discussion 

 

Biomphalaria pfeifferi, known as intermediate host of Schistosoma mansoni is widely distributed in tropical region. Biomphalaria 

pfeifferi larvae lethality assay is considered to be the most useful for the preliminary assessment of general activity, and the toxicity 

bioassays have show correlation with some cytotoxic and pesticide activities (Harborne and Dey, 1991; Shoeb et al., 2007; Subhan et 

al., 2008). In this work, the bioassays were performed to evaluate the toxicity of Solamargine extract in Solanum szybrilifolium against 

Schistosoma mansoni cercariae in vitro. All Solanum szybrilifolium extracts and the isolated compound, solarmagine, exhibited high 
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molluscicidal activity and low lethality against non-target species (fish and macroinvertebrate) (Bagalwa et al., 2010). The lethal 

concentration of solamargine (1) and ɓ-solamarine (2) solution again fish with 100 % of lethality was 0.06 mg/L (100 %) in laboratory 

conditions. At this concentration this concentration the mortality of cercariae was also 100 %. Using the extract concentrations that 

kill 100 % of fish, total death of Schistosoma mansoni cercariae was recorded. 50 % death of cercariae was remarked after 1/2 hour of 

exposure to concentrations of 0.001 mg/mL. Moreover, cercariae exposed to extract concentrations 0.01 mg/mL were completely 

killed after 10 minutes. This lethal concentration (0.01 mg/mL) is better than the lethality of the extracts of Croton floribundus (0.4 

mg/mL) observed in laboratory experiment (Medina et al., 2009; Kamel et al., 2010) and for Calendula micrantha  witch killed 100 % 

of cercariae by 100 ppm dry powder within 2 and 24 h of exposure (El-Emam et al., 1986). The same result was observed when 

cercarial are tested against Furcraea selloa marginata and Bacillus thuringiensis kurstaki (Osman et al., 2011). The high activity of 

the mixed solamargine (1) and ɓ-solamarine (2) solution are due to the possible synergism within the two compounds and between 

different glycoalkaloid types under natural conditions as proved by others authors (Wanyonyi et al., 2002; Roddick et al., 2001; Al 

Chami et al., 2003; Ikeda et al., 2003). For extracts of the Arabian or Somali gum Commiphora molmol (family: Burseraceae), 

Masoud et al., (2000) found that the oleo - resin extract showed a more pronounced cercaricidal potency than the oil. Total death of 

cercariae was remarked after 1/4 h of exposure to 10.5 and 2.5 ppm.  This concentration is high than the concentration of solamargine 

obtains in this study. At the concentration of 0.001 mg/mL the mortality rate increased with the time of exposure (Figure 2). The LC50 

of the cercaricidal activity decreases with the time of exposure (Table 2).  

The relationship between the mortality rate and the time of exposure (Figure 2) shown a positive linear correlation (Y = 1.3 + 6.54 X 

and r =0.991 ). Ahmed and Ramzy, (1997) observed that the cercaricidal properties of water extract of the leaves of Solanum nigrum 

were directly tested against Schistosoma haematobium, Schistosoma mansoni and Fasciola gigantica cercariae and a time-

concentration relationship was observed; the concentrations needed to kill all cercariae (LC100) within 10 min of exposure were 0.01 

mg/mL for Schistosoma mansoni cerariae and 0,001 mg/mL for digitonin.  

Mixed solamargine (1) and ɓ-solamarine (2) solution have a high level of cercaricidal activity against free swimming cercariae. Any 

cercaria which is not killed by the application may be so attenuated that it becomes either unable to infect humans or fail to mature and 

cause significant pathology in those who they do infect as observed in others works (Hilal et al., 1989; Perrett et al., 1994; Ahmed and 

Ramzy, 1997). On the other land, it seems to be ecologically safe, since it is known to have very low toxicity to fish (Bagalwa et al., 

2010). Saponins affect surface tension due to their froth-forming ability. The haemolytic activity of saponins is attributed to their 

formation of complexes with cholesterol in red blood cell membranes, which causes a collapse of the cell and the release of 

haemglobin (Hostettmann and Marston, 1987; Adewumi et al., 2013). The molluscicidal activities of saponins have been shown to 

vary with the position of the glycoside chain (mono and bidesmosidic differences), nature of the sugar chains, the sequence of the 

sugars, the interglycosidic linkages and the substitution patterns of the aglycone (Hostettmann and Marston, 1987). Than saponins 

seems to hold the greater promise for the control of snail vectors schistosomiasis and cercariae. 

Conclusion 

It is concluded that cercarial sublethal concentrations from molluscicides (synthetic or of plant origin) that may be present in water 

bodies during schistosomiasis control operations, could be of great value for attenuation of cercarial infectivity to the final host. This 

study throws light, also, upon the possible use of such sublethal concentrations in schistosomiasis transmission sites as an oriented 

promising technique to control this parasite and to minimize or prevent water pollution with pesticides. 
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Probabilistic Seismic hazard Analysis of Kathmandu City, Nepal 
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ABSTRACT -Kathmandu is classified as a highly earthquake prone city of Nepal. The center of Kathmandu City is located in the 

vicinity of ten independent seismic source zones which in reality are active faults. This creates uncertainties in the size, location and 

the rate of recurrence of earthquakes. Probabilistic seismic hazard analysis provides a framework in which these uncertainties can be 

identified, quantified and combined in a rational manner to provide a more complete picture of the seismic hazard. This study presents 

a PSHA of the center of Kathmandu city using the attenuation relationship given by Cornell et al (1979) in order to determine various 

levels of earthquake-caused ground motion that will be exceeded in a given future time period. 

KEYWORDS -Seismic source zone; active faults; recurrence of earthquakes; seismic hazard; attenuation relationship; earthquake-

caused ground motion 

 

1. INTRODUCTION  

Kathmandu city has been subjected to frequent earthquakes of moderate intensities and about once in a century to disastrous 

earthquake of higher magnitude. Earthquake was first recorded in Nepal on June 7, 1255 AD when one third of the total 

population in Kathmandu were killed by a 7.7 Richter scale.  

Magnitude-Frequency Data on Earthquakes in Nepal and the Surrounding Region (1911AD-1991AD) 

 
Earthquakes of magnitudes in Richter scale 

5 to 6 6 to 7 7 to 7.5 7.5 to 8 >8 

No. of events 41 17 10 2 1 

Recurrence interval in years 2 5 8 40 81 

Table 1: Earthquakes in Nepal (1911 to 1991) 

Recent earthquakes near Kathmandu city are shown in figure1 

 

Figure 1: Recent earthquakes near Kathmandu 
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Gangtok, Sikkim, India. October 3, 2013. Magnitude 5.3 

Banepa, Nepal. August 30, 2013. Magnitude 5.0 

Tulsipur, Nepal. June 28, 2013. Magnitude 5.0 

Tulsipur, Nepal. August 23, 2012. Magnitude 5.0 

Kishanganj, West Bengal, India. March 27, 2012. Magnitude 5.0  

Kathmandu, Nepal. November 12, 2011. Magnitude 4.2 

Gangtok, Sikkim, India. September 14, 2011. Magnitude 6.9 

Darjiling, West Bengal, India. June 3, 2011. Magnitude 5.0 

Kathmandu, Nepal. December 29, 2010. Magnitude 5.2 

Khandbari, Nepal. February 26, 2010. Magnitude 5.5 

 

The most destructive earthquake came on Jan 16, 1934 AD; the Great Nepal Bihar Earthquake of magnitude 8.4 that resulted 

in damage intensity of IX-X MMI in many parts of Kathmandu valley. 

 

The seismic vulnerability of Nepal and particularly Kathmandu valley is clearly justified, however study of the seismic 

hazard potential of the valley has not been performed systematically. The seismic hazard potential of a site is identified by 

conducting probabilistic seismic hazard analysis and constructing hazard curves. Hazard curve is a graphical representation 

of seismic intensity parameter such as peak ground acceleration and its annual probability of exceedence. It requires the 

identification of seismic source zones affecting the site, rate of recurrence of earthquake at each source, distance from each 

source to the site, probability density function of magnitude and systematic synthesizing of these to obtain the probability of 

exceedence of certain peak ground acceleration at the site due to all sources in its vicinity.  

 

2. NUMERICAL STUDY  

The seismic hazard curve does not vary significantly across the length and breadth of the city due to its small size thus 

making it cogent to consider only the center of the city. The ten independent seismic source zones, near the center of 

Kathmandu, which in reality are active faults are characterized in table2. 

 

Source 

Zone 

EQ Sources 

(Faults) 
Fault name Fault type 

Assumed 

M S,max 

Assumed 

M w,max 

a b 
Source to site 

distance (km) 

1 HFF-1.10 Narayani River R/RL 6.7 6.5 4.17 1 83 

2 HFF-1.15 Dhalkebar R 7.2 6.8 3.38 1 84 

3 MBT-2.3 ArungKh. R,N down 7.5 7.0 4.24 1 140 

4 MBT-2.4 Narayani R 7.0 6.7 4.17 1 78 

5 MBT-2.5 Hetauda R 7.3 6.9 4.17 1 38 

6 MCT-3.3 GosaiKunda R 7.5 7.0 4.17 1 21 

7 HFF-1.13 Amlekhgunj R 7.0 6.7 4.17 1 47 

8 LH-4.10 Sunkoshi-RoshiKh. Rt-lat-st-sl 6.7 6.5 4.17 1 68 

9 MBT-2.6 Udaipur-Sunkoshi Rev.norm 8.0 7.3 4.23 1 104 

10 LH-4.7 Saptakoshi-Deomai R 7.6 7.1 4.24 1 185 

Table 2: Characteristics of seismic sources and source-to-site distance 

2.1 Mean annual occurrence rate 

The threshold magnitude is taken as 4.5 since smaller magnitude earthquakes are not believed to be capable of damaging 

structures and are thus unnecessary to consider for seismic hazard analysis. The mean annual occurrence rate of earthquake 

(n) of magnitude larger than the threshold magnitude (mo=4.5) calculated for each source using Guttenberg-Ritcher 

recurrence law is divided by 16. 

ni = 
10ὥ ὦά0

16
     (i = 1,2,3... 10 for 10 sources)  
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where, a = overall occurrence rate of earthquake for each source 

 b = relative ratio of small and large magnitudes for each source 

The mean annual occurrence rate of earthquake greater than magnitude 4.5 at each source is tabulated in Table3. 

 

Table 3: Mean annual occurrence rate of 10 sources 

2.2 Probability density function of magnitude 

Each source is capable of producing earthquakes with a variety of magnitudes with an upper bound of maximum moment 

magnitude (Mw,max) and a common lower bound of the threshold magnitude (mo = 4.5). The total range of earthquake 

magnitudes is divided into 6 equal intervals for all sources.  

 

ml-mu 4.5 - 5.0 5.0 - 5.5 5.5 - 6.0 6.0 - 6.5 6.5 - 7.0 7.0 - 7.5 

Mean(m) 4.75 5.25 5.75 6.25 6.75 7.25 

Table 4: Discretization of earthquake magnitudes 

Each interval is discretely represented by its mean value. If the value of maximum   moment magnitude of any source lies 

within any particular interval, the interval will have an upper bound value equal to the same maximum moment magnitude. 

The distribution of the earthquakes of various magnitude is assumed to follow Bounded Guttenberg-Ritcher model. 

 

   

   

  

 

 

 

 

Figure 2: Position of Mw,max in a particular interval 

Case I :Mw,max> mu 

P(M = m) = P(ml < m < mu) = 
2.303 ὦzzὩ 2.303ὦ(ά ά0)

1 Ὡ 2.303ὦ(ὓύ,άὥὼ ά0) * (mu-ml) 

Case II :Mw,max< mu and Mw,max> ml 

ὖ ὓ=
άὰ+ὓύ,άὥὼ

2
= P(ml<m<Mw,max) =

 2.303 ὦzzὩ
2.303ὦ(

άὰ+ὓύ,άὥὼ
2

ά0)

1 Ὡ 2.303ὦ(ὓύ,άὥὼ ά0) * (M w,max-ml) 

Case III :Mw,max< ml 

 P(M) = 0 

 

Source 
  

1 0.02923 
 

2 0.00474 
 

3 0.03435 
 

4 0.02923 
 

5 0.02923 
 

6 0.02923 
 

7 0.02923 
 

8 0.02923 
 

9 0.03356 
 

10 0.00947 10X1 

  

Case III Case II Case I 
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of interval (mu) 
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The probability density function of magnitude for all the 10 sources are tabulated in table5 and plotted in figure3 

 
Magnitude 

 
Source 4.75 5.25 5.75 6.25 6.75 7.25 

 
1 0.65400 0.20677 0.06537 0.02067 0.00000 0.00000 

 
2 0.65073 0.20574 0.06505 0.02056 0.00491 0.00000 

 
3 0.64952 0.20535 0.06493 0.02053 0.00649 0.00000 

 
4 0.65158 0.20600 0.06513 0.02059 0.00368 0.00000 

 
5 0.65005 0.20552 0.06498 0.02054 0.00583 0.00000 

 
6 0.64952 0.20535 0.06493 0.02053 0.00649 0.00000 

 
7 0.65158 0.20600 0.06513 0.02059 0.00368 0.00000 

 
8 0.65400 0.20677 0.06537 0.02067 0.00000 0.00000 

 
9 0.64850 0.20503 0.06482 0.02049 0.00648 0.00155 

 
10 0.64910 0.20522 0.06488 0.02051 0.00649 0.00065 10X6 

Table 5: Probability Density Function of magnitude P(M) 

 

Figure 3: Probability density function of magnitude 
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2.3 Probability of exceeding certain Peak Ground Acceleration Level provided a fixed magnitude of earthquake 

The attenuation relationship used for the Probabilistic Seismic Hazard Analysis is the one proposed by Cornell et al. (1979) 

for the mean of natural logarithm of Peak ground acceleration. 

 

ln PGA = 6.74 + 0.859 M ï 1.80 ln (R+25) 

   

                           where, PGA is in gal and h= hlnPGA = 0.57 

 

The natural log of PGA is normally distributed, so the conditional probability of exceeding any PGA level (PGA*) is, 

 

 P (PGA>PGA* | M=m, R=r) = 1 - [(
ὰὲὖὋὃz ὰὲὖὋὃ

h

)  

 

 

 where, [( ) is the standard normal cumulative distribution function 

 

A total of 60 PGA levels starting from 0.01g m/s2 (9.81 gals) to 0.6g m/s2 (588.6 gals), i.e., ln(PGA*) have been considered 

in this hazard analysis. 

 

All the source zones are point sources, so each source to site distance R is known to be r, consequently the probability of R = 

r is 1 and the probability of R Í r is 0. 

 

P(R = r) = 1 and P(R Í r) = 0 

 

2.4 Probability of exceeding certain Peak Ground Acceleration Level  

Since all continuous distributions for M and R have been discretized, so the total probability of exceeding certain PGA level 

is given by, 

 

aPGA> ὖὋὃᶻ = n

ὲί

Ὥ= 1

ὓὭ> ά0 ὖ(ὖὋὃ> ὖὋὃᶻ

ὲὙ

Ὧ= 1

ὲά

j= 1

άὮ,ὶὯὖὓὭ= άὮὖ(ὙὭ= ὶὯ) 

 

where, the range of possible Miand Ri has been discretized to nm and nRintervals  respectively. In this analysis, ns = 10 

sources, nm = 6 and nR = 1 

 

aPGA > ὖὋὃᶻ = n

10

Ὥ= 1

ὓὭ> ά0 ὖ(ὖὋὃ> ὖὋὃᶻ
6

j= 1

άὮ,ὶὖὓὭ= άὮ  
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The total probability of exceeding certain PGA level is tabulated in table6. 

 

 

 

P
G

A
* 

 (
ti
m

e
s
 g

) 

0.31 0.00043 
 

0.32 0.00039 
 

0.33 0.00035 
 

0.34 0.00032 
 

0.35 0.00029 
 

0.36 0.00027 
 

0.37 0.00024 
 

0.38 0.00022 
 

0.39 0.00020 
 

0.4 0.00019 
 

0.41 0.00017 
 

0.42 0.00016 
 

0.43 0.00014 
 

0.44 0.00013 
 

0.45 0.00012 
 

0.46 0.00011 
 

0.47 0.00011 
 

0.48 0.00010 
 

0.49 0.00009 
 

0.5 0.00008 
 

0.51 0.00008 
 

0.52 0.00007 
 

0.53 0.00007 
 

0.54 0.00006 
 

0.55 0.00006 
 

0.56 0.00005 
 

0.57 0.00005 
 

0.58 0.00005 
 

0.59 0.00004 
 

0.6 0.00004 60X1 

 

Table6: aὖὋὃ> ὖὋὃᶻ  Ὢέὶ ὧόάόὰὥὸὭὺὩ ὩὪὪὩὧὸ έὪ ὥὰὰ 10 ίέόὶὧὩί 

2.5 Poissonôs model 

The temporal occurrence of earthquake is described by using Poissonôs model since the events of earthquake occurrence are 

assumed to be independent of each other in time and space. The rate of exceeding a certain PGA level atleast once in a period 

of ótô years is given by, 

P (N+1) = 1 ï e-at 

 

 

 

 

 

 

  
a(PGA>PGA*)   

  

  
All sources 

P
G

A
* 

 (
ti
m

e
s
 g

) 

0.01 0.16788 

0.02 0.10220 

0.03 0.06760 

0.04 0.04727 

0.05 0.03427 

0.06 0.02551 

0.07 0.01940 

0.08 0.01501 

0.09 0.01179 

0.1 0.00939 

0.11 0.00757 

0.12 0.00617 

0.13 0.00508 

0.14 0.00422 

0.15 0.00354 

0.16 0.00299 

0.17 0.00254 

0.18 0.00218 

0.19 0.00187 

0.2 0.00162 

0.21 0.00141 

0.22 0.00123 

0.23 0.00108 

0.24 0.00096 

0.25 0.00085 

0.26 0.00075 

0.27 0.00067 

0.28 0.00060 

0.29 0.00054 

0.3 0.00048 
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The rate or probability of exceeding a range of PGA levels atleast once in 1 year, 50 years and 100 years is tabulated in 

table7. 

 

 

 

1-exp(-at) 1-exp(-at) 1-exp(-at) 

All sources & t = 

1yr 
All sources & t = 50yrs 

All sources & t = 

100yrs 

   

P
G

A
* 

 (
ti
m

e
s
 g

) 

0.01 0.15454 0.99977 1.00000 

0.02 0.09715 0.99396 0.99996 

0.03 0.06537 0.96596 0.99884 

0.04 0.04617 0.90591 0.99115 

0.05 0.03369 0.81980 0.96753 

0.06 0.02519 0.72077 0.92203 

0.07 0.01921 0.62086 0.85625 

0.08 0.01490 0.52783 0.77705 

0.09 0.01172 0.44545 0.69248 

0.1 0.00935 0.37475 0.60906 

0.11 0.00754 0.31519 0.53104 

0.12 0.00615 0.26556 0.46060 

0.13 0.00507 0.22443 0.39849 

0.14 0.00422 0.19039 0.34454 

0.15 0.00353 0.16221 0.29811 

0.16 0.00298 0.13883 0.25838 

0.17 0.00254 0.11936 0.22447 

0.18 0.00217 0.10308 0.19554 

0.19 0.00187 0.08942 0.17085 

0.2 0.00162 0.07791 0.14974 

0.21 0.00141 0.06815 0.13165 

0.22 0.00123 0.05985 0.11611 

0.23 0.00108 0.05275 0.10271 

0.24 0.00096 0.04666 0.09114 

0.25 0.00085 0.04140 0.08109 

0.26 0.00075 0.03686 0.07236 

0.27 0.00067 0.03291 0.06474 

0.28 0.00060 0.02946 0.05806 

0.29 0.00054 0.02645 0.05220 

0.3 0.00048 0.02380 0.04704 

0.31 0.00043 0.02147 0.04248 

0.32 0.00039 0.01941 0.03845 

0.33 0.00035 0.01759 0.03486 

0.34 0.00032 0.01597 0.03168 

0.35 0.00029 0.01452 0.02883 

0.36 0.00027 0.01323 0.02628 
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0.37 0.00024 0.01207 0.02400 

0.38 0.00022 0.01104 0.02196 

0.39 0.00020 0.01011 0.02011 

0.4 0.00019 0.00927 0.01845 

0.41 0.00017 0.00851 0.01695 

0.42 0.00016 0.00782 0.01559 

0.43 0.00014 0.00720 0.01435 

0.44 0.00013 0.00664 0.01324 

0.45 0.00012 0.00613 0.01222 

0.46 0.00011 0.00566 0.01129 

0.47 0.00010 0.00524 0.01045 

0.48 0.00010 0.00485 0.00967 

0.49 0.00009 0.00449 0.00897 

0.5 0.00008 0.00417 0.00832 

0.51 0.00008 0.00387 0.00773 

0.52 0.00007 0.00360 0.00718 

0.53 0.00007 0.00335 0.00668 

0.54 0.00006 0.00312 0.00622 

0.55 0.00006 0.00290 0.00580 

0.56 0.00005 0.00271 0.00541 

0.57 0.00005 0.00253 0.00504 

0.58 0.00005 0.00236 0.00471 

0.59 0.00004 0.00220 0.00440 

0.6 0.00004 0.00206 0.00412 

 

Table 7: Rate of exceeding given PGA level atleast once in ôtô years 
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2.6 Seismic Hazard Curve 

Seismic hazard curve gives a strong basis for analyzing the seismic hazard potential at a site. The seismic hazard curve 

presented in figure4 gives the probability of exceedence of certain PGA level (from 0.01g to 0.6g where g = 9.81m/s2) at the 

centre of Kathmandu city in 1 year, 50 years and 100 years.  

 

 

 

 
Figure 4: Seismic Hazard Curve 
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3. CONCLUSION 

The probability density function for magnitude lends credible support to the frequent occurrence of moderate earthquakes and 

occasional occurrence of disastrous earthquakes. Earthquake source zone 9 (MBT-2.6) and 10 (LH-4.7) are more dangerous 

than the other sources as these two could induce magnitude above 7.0 which is disruptive. If a magnitude of around 7.5 

occurs at Kathmandu, it can be inferred that source zones 9 and/or 10 have become dominant. Out of the two, source 9 is 

particularly threatening because it has greater mean annual occurrence rate of earthquake exceeding the threshold than source 

10. 

 

Similarly, the probabilistic seismic hazard analysis yields unsurprisingly high value of peak ground acceleration that is likely 

to occur any time in future at Kathmandu city. It is evident from the seismic hazard curve that there is a 2% rate of exceeding 

PGA of 0.31g in 50 years which is comparable to MMI scale of VIII and a 10% rate of exceeding PGA of 0.18g in 50 years 

comparable to MMI scale of VII. The PGA level of 0.5g to 0.55g is often compared with MMI scale IX (Violent earthquake) 

which was the case in 1934 AD (1990 BS) earthquake in Nepal. The probability of such an earthquake in Kathmandu once in 

a century is around 0.007 or 0.7%; so the apprehension for a ñBig Oneò in Kathmandu is pertinent. 
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Abstract- Regional rainfall trends in Ivory Coast, due to climate change, show a general decrease in rainfall over the entire country. 

This is likely to disrupt plans streams thereby reducing the availability of surface water resources. The objective therefore assigned to 

this work is to analyze the precipitation field while incorporating the effect of climate change. For field analysis of precipitation, the 

approach follows a markovian approach, which is a stochastic approach widely used to analyze and simulate the spatio-temporal 

evolution of a system from transition probabilities. The study was conducted on a time series of rainfall data (1966-2000) and showed 

that monthly precipitation echoes are well described by a Hidden Markov Model (HMM).  The arkovian approach followed in this 

work has helped develop a model to analyze and forecast precipitation field in the department that of Sinfra that reflects reality with 

accuracy about 83 %. 

Keywords- remote sensing, geographic information system, hidden Markov model, water resource, precipitation field, monthly rain, 

forecasting 

 

INTRODUCTION  

Several models are used to analyze precipitation data which represent one of the meteorological phenomena the most difficult to 

analyze because of their high spatio-temporal variability [2].  However the most widely used technique is the one based on the 

models of Markov ([11], (12), (15), (20)).  In this study for modeling the monthly field of precipitation, the model used is a Hidden 
Markov Model (HMM) because this model has the advantage of well formalize the transitions from one season to another and 

associate with each monthly contribution a hidden indicator variable which specifies the current season and explicitly describes the 

seasonal variation of the process generator of observations. The transition from one season to another follows a markovian process.              

This work will be discussed in two main areas, the first detail the main steps of the design of an unobservable Markov model.  . The 

last axis will indicate the types of exploitation of the Hidden Markov Model through the analysis and forecasting of monthly 

precipitation field of the department of Sinfra. 

State of art  

Several stochastic models ([8], [9], (19), (26), (29)) are used to simulate the precipitation field, from observed data from stations or 

meteorological radars (16). These models include those that are based on the geostatistical methods (24), the disaggregation methods 

([14], [25]), the disaggregation methods using Markov models (4)), the probabilistic methods ([10], [12]). 

Choice of the model and justification 

Prediction models of weather phenomena can be classified into two broad categories: the deterministic models and stochastic 
models:                                                                                                                                                                                                           

                                                                                                                                           - Deterministic models 

It is to establish a system of equations (for most from fluid mechanics), for which the settings to the initial moment are determined by 

the meteorological observations. This type of model is dedicated to climate prediction. It must be reset frequently with actual 

observations, available, and the calculations must be able to do so in a manner close to the real time (10).  The deterministic models 

represent general laws observed in nature by calculating and transposing into the future the average case of the observed phenomena.   

- Statistical models and probabilistic  

Unlike deterministic models, stochastic models account for the variability of phenomena using probability. It is here to create a system 

whose behaviors are of the same type as the real system. For all that, they must not coincide exactly in time, but in convergence. The 

emphasis is here to make a digital model whose overall characteristics are going to tend on average to those of the real system. This 

type of model is rather dedicated to the simulation. The one used in this case tools developed from probabilistic mathematics, to assess 

risks to achieve such temperature or if it rains (10). 
The Hidden Markov Models are part of this last category (22), the probabilistic models. As well after having learned the actual 
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behavior on a set of learning that is the type of modeling that has been chosen for this study. Among the vast field of probabilistic 
mathematics, tools developed from Hidden Markov Models are spreading of growing way in the modeling involving the temporal 

phenomena. These are doubly probabilistic models who have the advantage of serve especially to deal with problems with incomplete 

or uncertain information (12).  This type of model of Markov is used in this work to model the field of monthly precipitation, actual 

process, from time series of rainfall from 1966 to 2000 with a view to make forecasts. 

According to the principle of the model of the Hidden Markov Model, rain is regarded as a noisy signal as well before the analysis of 

the field of precipitation the signal is restored which leads to the denoising data from rain. These models therefore reflect better the 

echoes of precipitation by integrating the effects of climate change as regards the climate data. 

 

 

1        LOCATION  OF THE  AREA OF STUDY 
The department of Sinfra, is located in the Central West of Ivory Coast and is part of the administrative region of the Marahoue. The 

departmental territory includes four (4) sub- prefectures: Sinfra, Bazré, Kouetinfla and Kononfla. The department of Sinfra extends 
over 1600 km2 and is bounded to the North by the department of Bouaflé, on the south by the departments of Oumé and Gagnoa, on 

the east by the department of Yamoussoukro and to the west by the departments of Daloa and Issia . The department of Sinfra is 

located between longitudes 5.38°W and 6.15°W and latitudes 6.48°N and 6.82°N and is at the intersection of square degrees of 

Gagnoa and Daloa (figure 1):  
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Figure 1. Location of the study area 
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A satellite image of the study area is given by the figure 2 below: 

 

 

                       Figure 2. Image of the study area extracted from the band 4 of the satellite images Landsat ETM+ 2003  

 

2.              MATERIAL  AND METHOD  

To carry out this study, several types of data are necessary. The analysis of these data has necessitated the use of several software 

depending on the type of processing required. 

2.1 MATERIAL  

       Several types of data were needed for the realization of this research work. The processing of   Landsat TM satellite images 

from1986 and ETM+ from 2003 of the scene 197-055, respectively registered on 16 January and on 20 January, has enabled us to 

extract the study area. The topographic maps of square degrees of Daloa and Gagnoa 1/ 200 000 as scale from the Center of 

Cartography and Remote Sensing (CTC) have served to the extraction of the hydrographic network .Time series of daily, monthly and 
yearly amount of rainfall  from 1966 to 2000 of the department of Sinfra and 26 rainfall stations surrounding it, from the Operating 

Company and Airport Development, Aeronautical and Meteorological (SODEXAM) have provided the necessary information to the 

analysis and prediction of the field of monthly precipitation. Given the character of multisource data, several types of treatment have 

been required which involves the use of several software.       

         The extraction of the hydrographic network has been carried out with the software Mapinfo Professional 7.5 as well as the 

extraction of information contained in the topographic maps. Idrisi Andes (15) was used for the processing of satellite images and the 

extraction of the study area. For markovian modeling the software Matlab 7 was necessary. 

. 

2.2 METHOD 

The modeling of tmonthly precipitation field of the department of Sinfra is performed according to the principle of a Hidden 

Markov Model which is a doubly markovian probabilistic approach. 

 

2.2.1       MODELING OF  MONTHLY PRECIPITATION  FIELD USING A  HIDDEN MARKOV  MODEL  

¶  DEFINITION  

        A Hidden Markov Model is a process doubly stochastic, one component is a non-observable Markov chain. This process can be 

observed through another set of processes which produces a suite of observations. More simply, it is a model that describes the states 

of a markovian process using the transition probabilities and the probabilities of observation by states. It is a 
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 Markovian model in which each state corresponds to an event not directly observable and thus applied to certain problems with   
hidden states. The case where the observation is a probabilistic function of the state is included in the principle of Markov to give a 

Markov model not observable but can be observed through a set of stochastic process that produces a set of observable symbols (13). 

 

       To define a hidden Markov chain, several considerations are made such as: 

-All the past of the rainy phenomenon is summarized in its state at the last moment when it is known, in its previous state [20]:                                                                                                                                                 

-this is a discrete process, homogeneous in time, with finite state space.                                                                                    

Thus defined the Hidden Markov Model consists of following elements: a transition matrix A, a matrix of emission B and the initial 

conditions Ʉ. 

 

 

¶        PRINCIPLE OF  HIDDEN MARKOV MODEL  (HMM)  

 

      According to (3)), the HMM's are characterized by the following parameters: 

1)  The number N of states of the model. 

The set S of individual states of the model: S = {S1, S2, S3, é ,Sn}                            (1) 

and the state at time t qt, qt ɭ S. 

2) The number M of symbols to separate observations when the observation Ot as the physical output of the system is represented 

discrete outputs. The set of symbols of observations: 

                                         Ot = vk, vk ɭ V= {v1,v2,v3, évm}                                       (2) 

                                         can be generated following multiple paths in a HMM                                                                                             

 3) The distribution A of transitions probabilities of the states: 

A= {aij}                                                                                                                          (3) 
Or 

AIJ = P[qt+1= sj/qt= if], 1< i,jÒ N                                                                                (4) 

And 

                                                                                                   (5) 

4)  The probability distribution B of observations in each state j: 

                                             B = {bj(Ot) }, j = 1,2,3 , é ,N                                           (7) 

In the case where the observations are continuous outputs, we have:  

                                                                                            (8) 
  And in the case where the observations are as discrete outputs we have: 

                                  BJ (Ot = vk ) = P[Ot = vk/qt = sj ], 1 < j < N, 1 < k < M        (9) 

With 

                              

                                                                       (10) 
And in this case B is called the matrix of probabilities of symbols of observations. 

5) The probability distribution of initial states. Ʉ : 

                                                Ʉ={ }                                                                   (11) 

Or                                                                                                                                              

                                                                                                   

                                                                                                   

         (12) 

                                                                                                  

                                             (13) 

 
 

   We can conclude that the complete specification of an HMM requires:  

     Å Two parameters (N and M for a discrete HMM);  

     Å Definition of the vectors of observations;  

ä
=

¢¢=
N

j

Niaij
1

1,1

Njdxxbj ¢¢=ñ
+¤

¤-

1,1)(

NjvOb kt

M

k

j ¢¢==ä
=

1,1)(
1

ip

NisqP ii ¢¢== 1],[ 1p

1
1

=ä
=

N

i

ip

(12) 



International Journal of Engineering Research and General Science Volume 2, Issue 1, January 2014                                                                                  

ISSN 2091-2730 

 

39                                                                                                   www.ijergs.org   
 

    Å The distributions of probabilities A, B and Ʉ.  
We denote by:  

                                            ȿ = (A,B,Ʉ)                                                                       (14) 

 A model completely specified.  

Given the appropriate values of N, M, A, B and Ʉ, the HMM can be used as  

a generator of sequence of observations: 

                                                      O = O1O2O3 .... OT                                                    (15) 

with 

                                                    Ot = vk ,vk ɭ V, 1 < k < M                                         (16) 

        In the case where the observation is represented as discrete outputs. 

T is the number of observations in the sequence. 

 
The design of a HMM requires several steps. 

 

¶         DIFFERENT DESIGN STEPS  OF A HMM  

 The design of a HMM necessarily requires the following stages: 

- Evaluation of the model; 

-Estimation of the sequence of hidden states; 

-Learning and; 

-Validation 

1) STEP 1: EVALUATION  OF THE MOD EL 

Given a sequence of observations   O = O1O2O3 .... OT  and a model  ɚ = (A,B,Ʉ), how can we calculate effectively the 

probability  P(O/ɚ)  that the sequence of observation O is produced by ɚ? In practice, it is to evaluate the model in order to choose 

among several that which generates the better this sequence of observation O. Several techniques are used to solve this problem: the 

method of direct assessment, the procedure "Forward Backward" and the algorithm of Viterbi ([3], [12]). 

2) STEP 2: ESTIMATION OF THE SEQUENCES OF HIDDEN STATES           

   This step is essentially the analysis step of the model .Given a sequence of observations O = O1O2O3 .... OT  and a 

model             ɚ = (A,B,Ʉ), how can we choose a sequence of states Q = Q1,Q2,Q3 éQT  according to an  adequate criterion? It is often 

interesting, given a HMM ɚ and a sequence of observations   O = O1O2O3 .... OT   to determine the sequence of states Q = Q1,Q2,Q3 

éQT  the more likely having been able to generate O. It is to determine all of the sequences of states having been able to generate O, 

and then to calculate their probabilities in order to determine the most probable. This method is particularly expensive in computation 
time because, in the general case, there are NT possible paths. It was therefore recourse to an algorithm of dynamic programming 

through a lattice associated with the HMM: the algorithm of Viterbi ([3], (12), (13)). 

3) STEP 3: LEARNING  

How can we adjust the model ɚ = (A, B, Ʉ), to maximize P(O/ɚ) ? 

The objective of this step of the design of a model of the HMM is the estimation of model parameters. 

The parameters of a HMM are generally not given in advance, they must be estimated from data. A long sequence of 

observations O = O1O2O3 .... OT , called learning data which is supposed to be representative of the type of data that the HMM can 

produce is considered at the beginning of the process. In addition the structure of the HMM (the number of states and the possible 

transitions between states) is ýxed. The objective is to determine the parameters which make it the best account of the result of 

observations O or, in other words, to determine the parameters which, among the set of possible parameters, attribute to O the best 

probability ([3], (12), (13)). 

 

4) VALIDATION  

The validation of the model will consist of a comparison between the observed values and simulated hidden states. This process 

leads to the calculation of correlation coefficient R which reflects the performance of the model. This coefficient measures the ability 

of the model to give the sequence of hidden states knowing the sequence of observations. 
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The different levels of the design of the HMM are grouped in the organization chart below (fig.3): 

 

                                            Figure 3. Flowchart of the design of a HMM for monthly precipitations [3] 
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After the design and validation, the use of the HMM for the analysis and forecasting of monthly field of precipitations will be done 
through its three modules: Learning, Evaluation and prediction. 

 

¶            EXPLOITATION OF THE MODEL  

The exploitation of the HMM is done through its three modules: 

-The learning module which has been used to estimate the model parameters through the use of the algorithm of Baum-Welch), 

-The analysis module which is used to determine the state in which the system was or will be for a given sequence of observations 

and also to make a forecast using the algorithm of Viterbi and, 

-The evaluation module that allows to achieve the recognition of sequences and the estimated probabilities of occurrence of a 

given sequence of observations, using the principle of likelihood. This module allows to calculate the probability with which a 

sequence of given observation would be produced by the model. 

Once constituted the model can then be used to analyze the field of precipitation in order to forecast following the flowchart below 
(fig.4): 

 

 

 

 

 

 

 

 

 

 

 

 

                                               Figure 4. Diagram of operating the HMM [12] 

 

 

3- RESULTS AND DISCUSSION 

In this part of the work the main results are presented and discussed.  

3-1 ANALYSIS OF THE PERIOD OF STUDY 

The graphs of the gap in the average number of annual rainy days on figure 5 and the rainfall index on figure 6 reveal three major 

phases of the study period ([6], [7]): 

-  First phase: the wet phase, it is less long and extends over 6 years, from 1966 to 1971. This period is characterized by 

annual rainfall with a surplus. 

- Second phase: the normal phase, it is longer and lasted 18 years, from 1971 to 1988. It is characterized by an 

alternation of years with low deficit and low surplus. 

-  Third phase: it lasted 11 years, from 19888 to 2000. This period is characterized by alternating dry and humid periods 

causing sudden and intense rain (fig. 5 and 6).  Thus, an analysis of the period of study revealed a decrease in the number 

of rainy days during recent years, marked by a return of rainfall since 1994. 

Monthly rainfall 

Hidden Markov Model (HMM)   (A,B, 

 

Prediction of state and 

observation sequences 

Determine the probability of the 

system to be in a given state 

after emitting a given sequence 

of observation 

Find the hidden state in 
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was or will be after 

emitting a given sequence 
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                                          Figure 5. Graph of deviations from yearly average of the number of rainy days 

Dividing the study period into three major periods I (1966 to 1971), II (1971 to 1988) and III (1988 to 2000) is confirmed by the graph 

of Nicholson rainfall index presented by the figure 6: 

 

 

Figure 6. Nicholson Rainfall  Index from 1966 to 2000 

 

3.2 RESULT OF THE MODELING OF MONTHLY PRECIPITATION  FIELD BY A  HIDDEN MARKOV  MODEL  

The results concern the parameters and the operation of the model. 

3.2.1     MODEL  PARAMETERS 

¶       STATES OF THE SYSTEM 

The analysis of the graph of deviations from monthly average of the number of rainy days   of figure 7 and the Nicholson rainfall 

index for monthly precipitation field of figure 8   has allowed us to identify 4 states for the HMM which has been used to model the 

monthly field of precipitation.    


