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Message from Assistant Editor In Chief

Let me first of all take this opportunity to wish all our readers a veryyapeaceful and
prosperous year aheadd wish a Happy New Year

This is thefirst issue of theSecondvolume of International Journal of Engineering Researth a
General Science. A total ofre@searctpapersare publishedind | sincerely hope that each one of
these providessome significant stiulation to a reasonaldegment of our community of readers.

In this issue, we have focused mainly on tibehnologywith therecent research that can have a
great impact in our society through conceptual ideas implementation approach. As such, w
encourage submission of moezent and relevant ideas and research papers from our readers too, which will be publishe
in the upcoming issues.

Aut hords response for this issue was r e affomylifferem papts of i n
the world as Negl, India, Pakistan, Bangladesh, France, Algeria, Congo, China, Japtmartprevious one but our
technical team and editor membercceptedrery less number of research papers for the publication. We have provided
editors feedback for every rejectedveall as accepte@aperso that auth@canwork outin the weakness momnd we

shall accept the paper in near future. We apologize for the inconvenient caused for rejected Authors but | hope our ec
feedback helps you discover mdrarizonsfor your research work.

I would like to take this opportunity to thank each and every writer for their contribution and would like to thank entir
International Journal of Engineering Research and General Science (IJERGS) techniealdteaitormembes for their
hard work for the development of research in the witnldugh IJERGS

Last, but not the least my special thanks and gratitegels to go to all our fellow friends and supporters. Your help is
greatly appreciated. | hope our reader will find papers edcationdand entertaining as well. Our team halme good

job however, this issue may possibly have some drawbakd, therefore constructive suggestions for further
improvement shall be warmly welcomed.

Er. Pragyan Bhattarai
AssistantEditor-in-Chief, P&R,
International Journal of Engineering Research and General Science

E-mail -Pragyan@ijergs.org

Contact ne+9779841549341
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Developmentof Heat Exchangers for Water Pasteurization in Improved

Cooking

Uprety Dependra Bhusal Jagrit
Scholar, Kathmandwniversity, Banepa, Nepal

Contact Ne +977-9841870269

ABSTRACT - d In Nepal, drinking unsafe water is attributed for the mortality of 13,000 children. The prevalence of this cause c
morbidity and mortality in many poor rural regions has created a need for water quality intervention. These days vaslold hous
drinking water treatment options are currently available in Nepal. Almost 85% of Nepalese population use cooking stove and mi
than 70% of the heat energy is wasted through chimney of cooking stove. Three different heat exchangers with diffenergseffici
weredesigned 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 oin12 cm
diameter. Two different heat exchangers with coiled plgiced 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 protedgofesind in the rage of 24 to 28
liters/per day. Water quality test for treated samples from three different prototypes was donecardlibest result was less than 5
CFU/100ml and thus treated water was safe to drink.

Keywordsd Heat exchangers, Pasteurization, Improved cooking stevepli, Thermal efficiency, Water boiling test, Carbon
trade, Biomasgrlue gas, Distillation, Heat transfer.

Introduction

Solid biomass fuels such as wood, dung and agriculture residue are useteltiran 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 biol
energy and very low efficiency in its use. Similarly, many household watgment systems (HWTs) are currently available in Nepal

to treat unsafe water. Many household water systems such as solar disinfection (SODIS), Boiling, Chlorination antditratien
developed and promoted by different NGOs and GOs like Envinohamel Public Health Organization (ENPHO).

Indoor air pollution and unsafe water are two major environmental risk factors in the developing countries (Corvalannand Usti
2006). Globally, 1.8 million people, mostly children, die from waterborne diarrtigzdse 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, 200
WHO, 2007; UNICEF, 2005). The occurrence of these major causes of mortality inpa@msural regions of Nepal has created a
need for water quality interventions. Thus there is a need to develop an integrated technology that eliminates riskHaatoral a
level.

Heat exchangers can be installed in the chimney for water pasteurizatimproved 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 uszstipasteu
method for water purification, where water should be maintaiembrtain 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 pasteurizationjodistillatso a
process of water purification. Distillation inwals boiling the water and then condensing the steam into a clean container. Watel
purification, such as distillation, is especially important in regions where water resources or tap water is not suitejastitor
without boiling or chemical treatmentise 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 temperatesgsnghile
them frommixing with other. Heat transfer in a heat exchanger usually involves convection in each fluid and conduction through tl
wall separating the two fluids. During the analysis of heat exchangers, it is convenient to work with an overall heatoe#itséant
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U that accounts for the contribution of all these effects on heat transfer. The rate of heat transfer between theatveol@cadion in
a heat exchanger depends on the magnitude of the temperature difference at that location, which vaheshaangxchanger. In
the analysis of heat exchangers, it is usually convenient to work withghgthmic mean temperature difference LM Mich is an
equivalent mean temperature difference between the two fluids for the entire heat exchanger.
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Principle of Heat Exchanger (parallel flow)

Methodology

The range of method includes both primary and secondary analyses, with activities ranging from direct field investipitiarate
desk works. The methods along with the detail procedures followedescribed below.

Literature review

It is essential for the development of theoretical foundation as well as to gain current knowledge on related topicsnbobidittg/e
findings. Also, some required secondary data can be extracted through literaitene

Experimental activity

The experiment was performed to measure the mass flow rate of flue gas as well as average temperature of the flumggasTio chim
design the heat exchanger we need to find the design parameters. The major design parartestgyerature 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 gasasd mate

In order to find out these design parameters some primary lab testing were oatritd the thermo physical properties were
determined from different literature. After some primary lab testing, the temperature profile of the chimney was knowg by usi
thermocouples. To determine the mass flow rate we used excel sheet based softvaterarined 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 continorityvagua
determined.

0p= @.0
Then, total heat transfer rate of chimney section cadsulated.
N = a.6, D
Design of heat exchangers

The design of heat exchangers was done by writing a program BxXgES. Heat exchanger was designed using concept of parallel
flow heat exchanger. Different assumptions were made beéésigning 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.

Massflow rate

m = QD-Pf
y
Heat transfer rate (flue gas) Heat transfer rate (water)
qs =mlcp1dtl qi :mchzdtz
For cylinder For water flow through annulus
Rep_ 4.m,/(m.Dyuy) 4.m,
Rep_
(. (D; + Dgy-114)
\L Turbulent ﬂOW \LLaminar ﬂOW
Nusselt Number : -
f Convection coefficient of wate
(g)(ReD——IDDD)Pr) k.,
N — h, = 4.36.—
uUD 2 ,f _ DO
(1+12.7(Pr3—1)(5)°*
Convection coefficient of draft Overall heat transfer coefficien
k 1
h’i = N ._S. 9 U =
Y% by 1/h, + 1/k, + 1/h,

!

Heat Exchanger Design Equatiovl
q;

T Ux AT,

Schematic Representation of Methods Applied for designing Heat Exchangers
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Fabrication of heatexchangers

First model of heat exchanger i.e. aluminum coil inbuilt inside the chimney was made by coiling the aluminum coil in the inner wal
of the chimney. The total length of the aluminum coil that was calculated to obtain the predefined qudistitiedfwater i.e. 3 I/hr

was found to be 3.8 mi.e. 11 no of turns but extra 2 no of turns was added for factor of safety and uncertaintiesn @it dfi¢hle
aluminum coil that is normally available in the market was only 3.65 m i.e. 9.7 no sf Ture 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 chimheyg temper
was about 400 °C.

Fabricating first Prototype (Aluminum Coil Inside)

Second modek of heat exchanger i.e. aluminum coil winded outside the chimney system was fabricated to overcome the problem
tar deposition in the first moddlength of aluminum coil calculated was 3.65m. Both the concentric cylinders were made up of cas
iron of Imm thickness. The aluminum coil was then winded on the outer surface of the inner cylinder. . Concentric cylinders we
bonded together on both the ends with cylindrical cast iron metal sheet, welded finely along the perimeter of the aWividehto
leakage of flue gas two holes were made in the system one for the inlet and the other for the outlet pipe for the Waisrifibwilt

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

Second prototype (Coil and Jacket d¢omation)

Third model of heat exchanger i.e. sealed concentric cylinders was made of Galvanized Iron sheet because they avoid the proble
rusting. The height of the heat exchanger was 0.5 m, with gap between the concentric cylinders to be maidtimed @t both the
sides. Since, the water is contained in between the cylinders the system should be free from rusting to maintaindhe/apiesfior
drinking purpose. Two concentric cylinders were attached together properly by sheet bendingsimgl temique as arc welding

on Gl sheet was not possible. To ensure the leakage probleseaMand 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

9 www.ijergs.org



International Journal of Engineering Research and General Scienc&olume 2, Issue 1, January 2014
ISSN 2091-2730

Third Prototype (Jacket type)
Testing of heat exchangers

Before starting the test, both qualitative and quantitative information about the stove, fuel and the test conditioasledsTeese
include:

a) Air temperature,

b) Average dimensions of wodgtength x width x height)

¢) Wood moisture content (et 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 recordethi;m WBT data sheet along with the weight of the fuel wood that was used. Once these paramete
had been measured and recorded and the fuel was prepared, the test was started.Three different models of heat exdbategkrs wert
independently. Bucket wasléd with 20 L of water and placed in a place maintaining the height for water pressure. Blocker was use
so as to maintain the water flow rate entering the system. Then, stove was run in normal condition. Ten minutes aftérerunning
stove, the outflowof water from the bucket was started. The amount of distilled water collected in ten minutes was noted. Th
condensation of the steam was done by bending the outlet pipe. But, complete condensation was not found to occur. ICohdensati
steam was carriedut by introducing the stem directly into beaker containing 3 liters of water. Gradual temperature increase in wat
was also noted. The temperature rise of the raw water was noted in different time. Once the water reached Pasteuzatioe,temp
steamwas introduced in the container containing 3 liters of water for another ten minutes. Then, sample was Esadrerichia

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

Result and discussion

The effectiveness of threeffdirent models of heat exchanger was different from one another. The effectiveness of heat exchanger
based on the amount of heat transferred from the hot fluid to the cold fluid. During our project we conducted numiseResitkst
based on thosexperiments 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
aluminum coil, the amount of distilled water collected in the beaker was found to be 280 mlimui€snThis 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 wasragiledin

use because of the tar deposition. The flue gas in the chimney contains tar, witimmdex organic compound gets deposited in the
aluminum coil. The tar behaves as an insulating material and reduces the amount of heat transferred to the aluminuen coil hi
reducing the efficiency of the coil and ultimately the heat exchanger systertheAtdg problem of this model is cleaning of the
system. To overcome this problem other two models of heat exchanger were proposed.

The second modebf heat exchanger had lesser efficiency than that of the first model. That was because the heatlfremetb ésf
not directly transferred to the aluminum coil rather it is first transferred to the cast iron cylinder and then to therataihihis
system overcomes the tar deposition problem on the aluminum coil which helps in increasing the Iff¢hinsysiem. Thus, on the
long run use this system is efficient and the temperature resistivity of cast iron is also more than that of the alumiineredses
the proximity of the system. However, the fabrication of this heat exchanger is mondtdiffid time consuming than the previous

10 www.ijergs.org
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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 thealuabalim
amount of distilled water collected was 1.02 L/hr

Thethird module of heat exchanger was efficient in terms of heat transfer but was very difficult to fablmats.were sealed by
bending and pressing technique which is very difficult to perform and time consuming. The joints were not completelgflaak pro
M-sealwas used to counter it. But due high temperature about 600 °C the lifesediiNs shortened and after few hours, the system
was suffered from the leakage problérhe amount of distilled water collected was found to be 1.5 L/hr.

Input, output and deviation of flowrate

- 68 5 H Input FR
Q 0]

© Z-l_h m Output FR
20 Deviati
2 eviation

First Second Third

Model

Output flow rates oftte system.

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

11

Heat exchangers Initial volume of | Final Volume of| Amt. of Distilled | Total vol. of water
water water water pasteurized.
(L) (L) (L) (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 waemmérature 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
reached 83.7 °C in 30 minutes. Further maintaining the water for ten minutegtédrecan be expected to get pasteurized.
As we know the water at 80 °C when heated for ten minutes gets pasteurized.

Temp. rise in 3L of water(C)

100
O
OQ. 50 /
I
0 Tr 1T 1T r 111 rrrrri _Temptc)

0 51015202530

Time (Minute)

Temperature rise in 3 liters of water
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Total Liters/ day

H Liters/ day

VOlume of water

Volume of water pasteurized per day

Considering the stove to be used in an averageéhofday, 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 nornalNepaly i
this quantity of drinking water is fficient for a day.

E. coli testing

CFU/100ml

Q -
Fir
st
= CFU/100ml

CFU/100 ml

Prototype

Three samples of three different prototypes were taken for lab test. The colony counting for the raw water was TMTE (too ma
to count). Colony counting for treated was within the WHO guideline for Drinking Waltéthws less than 5 CFU per 100ml.
This result shows that the treated water is safe to drink.

Thermal Efficiency:

Thermal Efficiency

(0]
2 30
@ 2 26
£ 2224 254 25
3
& oo mTest1
X X \S
%@g %@«\ @@e mTest 2
(/o\b RO Test 3
Tests
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Results from WBT

This result shows that the overall efficiency of the system (ICS) is not disturbed by embedding heat excharigersyirbut it
definitely increases the overall efficiency of the systelmwever, overall efficiency calculation was not done.

Cost and Energy saved by implementing the system:

Heat Vol. of Pas. | Daily Fuel wand Total cost saved | Amount of | Amount earned
Exchanger | Water production | saved per year. carbon by carbon trade
(Itr/hr) (Itr/day) (tonslyear) (Nrs) reduction (USD/yr)
(Ton/yr.)

First Module | 4.68 28 10.074 60444 4.28 128.4

Second 4.02 24 8.803 52818 3.68 110.4

Module

Third 4.5 27 9.855 59130 4.12 123.6

Module

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 produc
Pasteurized Water whiclae be used for drinking purpogehis means we had saved the significant quantity of firewood that
would have been needed to generate drinking whitisrestimated that 1 kilogram of wood is needed to boil 1 liter of water and
make it drinkable (WHOWater sanitation healthThe local firewood cost in Dhulikhel is Nrs. 6/kg.1kg fuel Wood generates

418 gm carbon equivalent of carbon emission in ICS (Bajracharya, 20di@haus has suggested, based on the social cost of
carbon emissions, that an optimaice 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 pastateizing th
which is finally used for drinking purpose. The bl eoprdli ng
efficiency of the Stove. Thus we can say that by blending the heat exchanger with the chimney system will certainlyhiacrease
overall efficiency of the stove system but further research should be carried out. The collected pasteurized witdomaiinging
meeting the WHO standards. Installing the heat exchanger helps to reduce the quantity and cost of firewood that woatd have |
needed to generate drinking water resulting to carbon emission reduction and carbon trading. The instaltati@xcfianger in the
chimney system is very easy and simple which can be installed in any stove either traditional or improved cooking sgpove hav
chimney system.

Finally, we would like to conclude that by installing these heat exchangers in the ghsgstem helps to generate pure drinking
water economically recovering the wasted heat from the chimney and reducing the carbon emission.
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Evaluation of Schistosoma mansoni cercaricidal activity of Solamargina

steroid glycoalkaloidfrom Solanum syzybirilifolium

JeanJacques M. Bagalwalaurence Voutquenrldazabadiokfj Charlotte SayaghAugustin S. Bashwira JearPiere B. Balukt
Laboratory of Malacology, Department of Biology, Centre de Recherche en Sciences Naturelles (CRSN) at Lwiro, Democra
Republic of Congo. C/o. Petit Séminaire de Mugéri, P.O.Box 02, Cyangugu, Rwanda
Groupe Islement et Structure, Institut de Chimie Moléculaire de Reims (ICMR), CNRS UMR 6229, Bat.18, BP 1039, 51687 Reilr

Cedex 2, France

ABSTRACT - The cercaricidal activity of a mixesb | a mar g i n -olafatine (2x soldtionfiere directly tested against
Schistosoma mansonercariae and a tirmencentration relationship was observed; the concentrations needed to kill all cercariae
(LC100) within 10 min of exposure were 0.01 mg/mL. Mixsal| a ma r g i n-solarhatije (2a soldtiomfave a high level of
cercaricidal activity against free swimming cercariae and it seems to be ecologically safe, since it is known to havewdnjtiow

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

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 tBehjsiogeméBrown, 1980). It

is still a majorhelminth infection in the world at the beginning of thé' 2&ntury and an important public health problem in many
tropical and bubtropical countrieSchistosomiasis is one of the major communicable diseases and it is second after the malaria
sociaeconomic and health importance in the developing countBesgfuist and Colley, 1998arhsiniet 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 (Gt99&els,
Capron and Capron, 2002; Bik# al,, 2000).

Controlling of the snail intermediate hosts of this disease by molluscicides (synthetic and/or of natural origin) éscftihermost
promising means (WHO, 2009; Bagalwh al, 2010; Mahmoudet 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 hundozdmeficghe

snail and that can penetrate the intact human skin wixpissed 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 tberdesease
vital cycle by simaionl 6s or cercariaeds el im

For the control of snadborne diseases, several synthetic compounds were developed such as copper sulfate, sodit
pentachlorophenate, sulphonated hydrocarbons, tributylin fluoride. Only niclosamide (marketed as Bayluscide; eAradir&983)

is widely used in control programs (Perrett and Whitfield, 1996). On the other hand, there is probability that some tesistance
niclosamide can be induced under extreme conditions of genetic selection of the snails ¢balivi®84). Therefore, the pential

use of plants for the biological control of the intermediate hosts of human schistosomiasis and othdrasrsaiitted parasitic
infections has received a considerable attention (Medina and Woudbury, 1979; Kloos and McCullough, 1985; amdlK|6885
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and Perrett and Whitfield, 1996). The use of plants with molluscicidal properties is simple, inexpensive, and appraheadte#br
control of the snail vector (Marston and Hostettman, 1993).

The phytochemical investigation 8olanum szybrilifoliuniSolanaceae)kpecies plants known to synthesize steroidal alkaloids and
spirostane derivatives and some of which has shown the molluscicidal activity of\pmganyiet al, 2003) But its cercaricidal
activity is not known untinow. In our study, the methanolic extract of the fruitSolanum szybrilifoliunwas fractionated and the
biological activity of one fraction (B) was tested against cercaria produced by snails infeSelisgtgsoma mansoniwo known
compounds, solamgri ne (1) , a ¢ h ac o-solamaore €2), a ohlacatsosedtonmatelenol, asolated fsom the active
fraction B were reported for the first time 8olanum szybrilifoliunfBagalwaet al, 2010) This fraction B has been presented as
potential molliscicide 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 (E4gd/\2810).

In the present work, we describe ttexcaricidal activityof the fraction B isolated iSolanum szybrilifoliumcollected in East part of

the Democratic Republic of Congbhe result of such studyay provide cheap, locally produced, biodegradable aedtafé control

agents against schistosomiasis in rural areas of developing countries where this disease is endemic.

Figure 1. Structureofssl a mar gi nselamadng 2and b

Material and Methods

Cercariae obtain

Schistosoma mansoocércariae were obtain from snBilomphalaria pfeiffericollected in the streams located at Lwiro (Kalengo and
Birunga) using plankton net and kept in the laboratory of Malacology of the Centre de Redmeftiences Naturelles (Bagalwa
and Baluku, 1998). In fact, snails were put in container with deionised water and expastfitia light for 3 h and the cercariae
that released from snails this period were concentrated by their phototropism onap®f 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 agea(H200Y;
Medinaet al, 2009).

Extraction and isolation of the steroidal alkaloidsSaponin

The dried and powdered fruit (300 g) was extracted with 96% methanol. The MeOH extract was concentrated and precipitated \
acetone. Then, the crude saponin precipitate was dialyzed to give a saponin rich extract (2.69 g). This extracs(Racupveded

by VLC on reversed phaseMeOH H,O, 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 Bf&RNLC (MeOH H,0O, 40:60, 60:40, 80:20 and @0, each
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200 ml) to give fraction Al (1.08 g), A2 (64 mg), A3 (116 mg) and A4 (212 mg). A part of fraction B (100 mg) was chrorhatbgrap
on silicagel CC (4 g) eluted with a gradient of CEiGeOH H,O (70:30:1 to 70:30:2) to give 1 (20 mg). A part of frac C (70

mg) was purified by silicagel CC using a gradient of GiileOH (9:1 to 7:3) followed by preparative TLC on silicagel with
CHCLIMeOHH,O (70: 30:5) as eluant, t eolanarne?)HEtdmg.mar gine (1) (13

Preparation of dilution and Cercaricidal activity

A series of concentrations of mixed solamargine solution was prepared on basis of weight/volume using deionised watey, Theref
0.6 mg of mixed solamargine was dissolved in 10 mL of deionised water. Six concentrations wel®y wibideon 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 nédof distil
water (0.0001 mg/mL) (Bagalvwet al, 2010). Approximately 2@0 freshly emitted cercariae were gad in each well and three wells

for each concentration were tested (using different gradual concentrations) and it is the same for the positive (digitaregajive
(distilled water) control. During the exposure period, the cercariae were obsederdauninocular 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 tiofie. 50 r
deionised water containing -BD fresh cercariae were used as negative alofRitchieet al, 1974;Medinaet al, 2009 andanother

group of cercariae was exposed to digitonin as a positive coR&sllts were expressed in percentage in terms of destruction of the
cercariae. The effectiveness of the tested isolated extr&thistosoma mansooércariae was determined (Litchfield et Wilcoxon,

1949. The collected data was computerized to givgel-OCso, and LG Values determined by probit analysis.

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

Schistosoma mansocercariae, killing the totality of the cercari@®0 %) in 10 minutes (Table 1).

Table 1. Cercaricidal activity of mixeddd a ma r g i nsslanfaring (2¥olation idblated fronBolanum syzybrilifoliuraccording
to the time of exposure

Extrait Concentration Mortality rate (%) ofcercariae after exposure period (minute)
tested (mg/mL)
10 20 30 40 50 60
Solarmagine | 0.06* 100 100 100 100 100 100
and b-10.03 100 100 100 100 100 100
solamarine 75 o7 100 100 100 100 100 100
0.001* 19+13 315 50+0 6115 6115 8615
0.0001 0 0 0 1145 1145 1415
Control 0 0 0 0 0 0
deionised
water
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Control 0.001 100 100 100 100 100 100

digitonin 0.0001 0 0 0 0 0 0

Legend:* Lethal concentration of fish (Lfg)
** No effect to fish (LGo)

The mortality rate of cercariae varied with time and concentration of the solamargine rate. From concentration 0.06 @ngimL to
mg/mL the mortality rate is 100 % equivalent to the concentration of 0.001 for the digitonin. At the concentrationrafGrOthe

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

100 -
90 -
80 -
@ 70 -
© 60 -
>
?5 50 -
5 40 -
= 30
20 -
10 _J
O 1 T T T T T
10 20 30 40 50 60
Time (min)

Figure 2. Mortality rate (%) of cercariae at the concentration of 0.001 mg/rebladharging 1) -aotambarirfe (2gxtract from

Solanum syzybrilifoliuraccording to the time of exposure (min)

The LG, LCso and LGoo0f 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 Concentratio (mg/mL) after exposure period (minute)
Concentration

10 20 30 40 50 60
LCoo 0.01 0.01 0.01 0.01 0.01 0.01
LCso 0.0047 0.0048 0.0037 0.0033 0.0031 0.0025
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LC1o0 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

The LG of the solamargine decreased with the time of exposure. But thedr@ LGy doest not varied in time.

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

907 e o o S :
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Figure 2.Correlation relationship between the mortality rate (%) and the exposure time (minute) of cercariae again extract at 0.(
mg/L.

This figure shows a positive correlation between mortality rate and the time of exposure of cercariae at the conceftfdiibn of
mg/mL.

Discussion

Biomphalaria pfeifferi known as intermediate host 8thistosoma mansois widely distributed in tropical regiofBiomphalaria
pfeifferi larvae lethality assay is considered to be the most useful for the preliminary assessment of general activity, anty the toxi
bioassays have show correlation with some cytotoxic and pesticide activities (Harborne ah@Deghoelet al, 2007; Subhaet
al., 2008). In thisvork, the bioassays were performed to evaluate the toxicity of Solamargine ex8akinam szybrilifoliunagainst

Schistosoma mansoecércariae in vitro. AllSolanum szybrilifoliunextracts and the isolated compound, solarmagixieibited high
19 WWW.ijergs.org



International Journal of Engineering Research and General Scienc&olume 2, Issue 1, January 2014
ISSN 2091-2730

molluscicidal activity and low lethality against ntarget species (fish and macroinvertebrate) (Bagaiwval, 2010). The lethal
concentration ofes| a mar g i nselanfaldng (2§lotidn afain fish with 100 % of lethality was 0.06/in(100 %) in laboratory
conditions. At this concentration this concentration the mortality of cercariae was also 100 %. Using the extract comeémitati

kill 100 % of fish, total death dbchistosoma mansocercariae was recorded. 50 % death ofaeae 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 comple
killed after 10 minutes. This lethal concentration (0.01 mg/mL) is better thaeth@ity d the extracts ofCroton floribundus(0.4
mg/mL) observed in laboratory experiment (Medial, 2009; Kamekt al, 2010) and focCalendula micranthawitch killed 100 %

of cercariae by 100 ppm dry powder within 2 and 24 h of exposurEnflainet al, 1986) The same result was observed when
cercarial are tested agairfatrcraea selloa marginatandBacillus thuringiensis kurstaKiOsmanet al, 2011). The high activity of

the mixed e | a mar g i n-solafaline (2psolationfare due to the possible synergism within the two compounds and betwee
different glycoalkaloid types under natural conditions as proved by others authors (Wastyahy2002; Roddicket al, 2001; Al
Chamiet al., 2003; Ikedaet al, 2003). Forextracts of the Arabian or Somali guBommiphora molmo(family: Burseraceae),
Masoudet al, (2000) found that the oleoresin extract showed a more pronounced cercaricidal potency than the oil. Total death of
cercarae was remarked after 1/4 h of exposure to 10.5 and 2.5 ppm. This concentration is high than the concentration ofesolamar
obtains in this study. At the concentration of 0.001 mg/mL the mortality rate increased with the time of exposure (FigeteC2).

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 .54 23

and r =0.991 ). Ahmed and Ramzy, (198B%erved thathe cercaricidal properties of water extract of the leav&otanum nigrum

were directly tested again€chistosoma haematobiurSchistosoma mansor@nd Fasciola giganticacercariae and a time
concentration relationship was observed; dbecentrations needed to kill all cercariae {§gCwithin 10 min of exposure were 0.01

mg/mL for Schistosoma mansoterariae and 0,001 mg/mL for digitonin.

Mixed © | a mar g i n-solanfading (2)asaldiohéve a high level of cercaricidal activityaigst free swimming cercariae. Any
cercaria which is not killed by the application may be so attenuated that it becomes either unable to infect humanmsatufaland
cause significant pathology in those who they do infect as observed in otherghitakst al., 1989; Perretet 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 fisla €Badal
2010). Saponins affect surface tension due to their-fasthing 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
haemglobin (Hostettmann and Marston, 1987; Adeweial, 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 §¢gqeience o
sugars, the interglycosidic linkages and the substitutionrpattef 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 molluscicidetgsgndr of plant origin) that may be present in water
bodies during schistosomiasis control operations, could be of great value for attenuation of cercarial infectivityatiohthst. fifhis

study throws light, also, upon the possible use of such kablebncentrations 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

SamyogShresth&
Scholar, Department of Civil Engineering, IOE Pulchock Campus, Tribhuwan University, Pulchock, Lalitpur, Nepal

ABSTRACT -Kathmandu is classified as a highly earthquake prone city of Nepal. The center of KathmandipGitiedsin the
vicinity of ten independent seismic source zones which in reality are active faults. This creates uncertainties ihotteisizend
the rate of recurrence of earthquakes. Probabilistic seismic hazard analysis provides a frameworktiregéuncertainties can be
identified, quantified and combined in a rational manner to provide a more complete picture of the seismic hazard. plesesttsly
a PSHA of the center of Kathmandu city using the attenuation relationship given by @ai€ll979) in order tdetermine various
levels of earthquakeaused ground motion that will be exceeded in a given future time period.

KEYWORDS -seismic source zone; active faults; recurrence of earthquakes; seismic hazard; attenuation relatidhghigkesa
caused ground motion

1. INTRODUCTION
Kathmandu city has been subjected to frequent earthquakes of moderate intensities and about once in a century to disas
earthquake of higher magnitude. Earthquake was first recorded in Nepal on June 7, 1255 AD when one third of the tc
population inkathmandu were killed by a 7.7 Richter scale.
MagnitudeFrequency Data on Earthquakes in Nepal and the Surrounding RegioA[-9991AD)

Earthquakes of magnitudes in Richter scale
5to 6 6to7 7t07.5 75t08 >8
No. of events 41 17 10 2 1
Recurrence interval in year 2 5 8 40 81

Tablel: Earthquakes in Nepal (1911 to 1991)

Recent earthquakes near Kathmandu city are shown in figure
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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, 2018agnitude 5.5

The most destructive earthquake came on Jan 16, 1934 AD; the Great Nepal Bihar Earthquake of magnitude 8.4 that rest
in damage intensity of XX 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
conductingprobabilistic seismic hazard analysis and constructing hazard curves. Hazard curve is a graphical representat
of seismic intensity parameter such as peak ground acceleration and its annual probability of exceedence. It requires
identification of sesmic source zones affecting the site, rate of recurrence of earthquake at each source, distance from e
source to the site, probability density function of magnitude and systematic synthesizing of these to obtain the gybbability
exceedence of certapreak ground acceleration at the site due to all sources in its vicinity.

NUMERICAL STUDY

The seismic hazard curve does not vary significantly across the length and breadth of the city due to its small size t
making it cogent to consider only the aembf the city. The ten independent seismic source zones, near the center of
Kathmandu, which in reality are active faults are characterized in table2.

Source |EQ Sourceg Fault name Fault type Assumed| Assumed a b Spurce to sitg
Zone (Faults) M s max M w,max distance (km)

1 HFF1.10 Narayani River R/RL 6.7 6.5 417 | 1 83

2 HFF1.15 Dhalkebar R 7.2 6.8 338 |1 84

3 MBT-2.3 ArungKh. R,N down 7.5 7.0 424 | 1 140

4 MBT-2.4 Narayani R 7.0 6.7 417 | 1 78

5 MBT-2.5 Hetauda R 7.3 6.9 417 | 1 38

6 MCT-3.3 GosaiKunda R 7.5 7.0 417 | 1 21

7 HFF1.13 Amlekhgunj R 7.0 6.7 417 | 1 a7

8 LH-4.10 SunkoshiRoshiKh. Rt-lat-stsl 6.7 6.5 417 | 1 68

9 MBT-2.6 UdaipurSunkoshi Rev.norm 8.0 7.3 423 | 1 104

10 LH-4.7 SaptakoskhDeomai R 7.6 7.1 424 | 1 185

Table2: Characteristics of seismic sargs and sourcéo-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 dam:e
structures and are thus unnecessamottsider for seismic hazard analysis. The mean annual occurrence rate of earthquak
(n) of magnitude larger than the threshold magnitudg=4n%) calculated for each source using Guttenibtcher
recurrence law is divided by 16.

10% @ 0

ni =
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 eachtabutated in Table3.
Source

© 00N O Ol WDN P

=
o

Table 3: Mean annual occurrence rate of 10 sources

0.02923

0.00474

0.03435

0.02923

0.02923

0.02923

0.02923

0.02923

0.03356

0.00947

10X1

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 mom
magnitude (M.may @and a common lower bound of the threshold magnitude=(M.5). The total range of earthquake

magnitudes is didied into 6 equal intervals for all sources.

m;-my

45-5.0

5.0-55

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
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Upper bound
of interval (m)
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Figure 2: Position of M, maxin a particular interval
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Each interval is discretely represented by its meduae. 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 assionfrdtbw Bounded GuttenberBitcher model.
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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
Table 5: Probability Density Function of magnitude P(M)

P(M=m)

0.70000

Probability density function

10X6
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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. (197
for the mean of natural logarithm of Peak ground acceleration.

In PGA=6.74 + 0.859 N1 1.80 In (R+25)
where, PGA is in gal anlg= hjppga = 0.57

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

0B &G

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

where,[ () is the standard normalimulative distribution function

A total of 60 PGA levels starting from 0.01g m(9.81 gals) to 0.6g nf§588.6 gals), i.e., IN(PGA*) have been considered
in this hazard analysis.

All the source zones are point sources, so each source tistitece R is known to be r, consequently the probability of R =
r is 1 and the probability of R I r is 0.

PR=r=1andP( R | r) = 0

2.4 Probability of exceeding certain Peak Ground Acceleration Level
Since all continuous distributions for M and Rvie been discretized, so the total probability of exceeding certain PGA level
is given by,
£ £€q £y
a PGA> 6“®Z = n DQ> do 6(6“(6) > 6"(§)Z dTQ‘ITQ 6 D"Q: ('X*Q 6(!Y"Q: ‘I"Q)

a1 j=1 =1

where, the range of possibleavid R has been discretized tg and nintervals respectively. In this analysig=nL0
sources, p-6and =1

a PGA> f)"@)z = n ‘L‘)Q> do 6(6“(&) > f)"@z dTQ‘l V) OQ: (,XTQ
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The totalprobability of exceeding certain PGA level is tabulated in table6.

APGA>PGAY)
All sources 0.31 0.00043
0.01 0.16788 0.32 0.00039
0.02 0.10220 0.33 0.00035
0.03 0.06760 0.34 0.00032
0.04 0.04727 0.35 0.00029
0.05 0.03427 0.36 0.00027
0.06 0.02551 0.37 0.00024
0.07 0.01940 0.38 0.00022
0.08 0.01501 0.39 0.00020
0.09 0.01179 0.4 0.00019
0.1 0.00939 0.41 0.00017
0.11 0.00757 0.42 0.00016
0.12 0.00617 0.43 0.00014
0.13 0.00508 @ 0.44 0.00013
8 0.14 0.00422 E| 045 0.00012
g o015 0.00354 o] o046 0.00011
x g-ig 8-88;22 § 0.47 0.00011
) 018 oo 0.48 0.00010
' : 0.49 0.00009
0.19 0.00187 0.5 008
c?ézl g'ggiii 0.51 0.00008
0.22 0.00123 8'2:23 8'8888?
0.23 0.00108 ' :
0.24 b 0098 0.54 0.00006
a T 0.55 0.00006
0 0 DHIEE 0.56 0.00005
0.97 0.0005] 0.57 0.00005
0.98 0.00060 0.58 0.00005
0.29 0.00054 0.59 0.00004
0.3 0.00048 0.6 0.00004 60X1

Table6:a 0@ > 0°@° "@i @A GAVOQAXMDE " QAIN10 i £61 K

25Poi ssonds model

The tempor al occurrence of earthquake is described by
assumed to be independent of each othémia and space. The rate of exceeding a certain PGA level atleast once in a perioc
of 6tdé6 years is given by,

P(N+ 1)=1i e
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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 tabulate
table7.

l-exp(-at) l-exp(-at) l-exp(-at)
Al SOU{;‘:S &t= All sources &t = 50yrs Al Sollggjfs&t -

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

ol [0.17 0.00254 0.11936 0.22447
E| [0.18 0.00217 0.10308 0.19554
= [0.19 0.00187 0.08942 0.17085
S| [ 0.2 0.00162 0.07791 0.14974
* 021 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
033 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 PGAle¢l| east once in 6t6
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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 c
presented in figure4 gives the probability of exceedenceréin PGA level (from 0.01g to 0.6g where g = 9.8¥)dsthe

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

Seismic Hazard Curv

1.20000
1.00000
0.80000
0.60000

0.40000

Rate of exceedence

t = 100yrs

0.20000

0.00000
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

PGA (times g) m/s2

Figure 4: Seismic Hazard Curve
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3. CONCLUSION

33

o Ol

The probability density function for magnitude lends credible support tioethigent occurrence of moderate earthquakes and
occasional occurrence of disastrous earthquakes. Earthquake source zone 26V 10 (LH4.7) are more dangerous
than the other sources as these two could induce magnitude above 7.0 which is disfugptmagnitude 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
particularly threatening because it has greater mean annual occurrence rate of earthquake exceeedghglhétmn source

10.

Similarly, the probabilistic seismic hazard analysis yields unsurprisingly high value of peak ground accelerationeghat is lik
to occur any time in future at Kathmandu city. It is evident from the seismic hazard curve th&ahiz¥ rate of exceeding

PGA of 0.31g in 50 years which is comparable to MMI scale of VIIl and a 10% rate of exceeding PGA of 0.18g in 50 yea
comparable to MMI scale of VII. The PGA level of 0.5g to 0.55g is often compared with MMI scale IX (Viatémueake)

which was the case in 1934 AD (1990 BS) earthquake in Nepal. The probability of such an earthquake in Kathmandu once
a century is around 0.007 or 0.7%; so the apprehension
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Markovian approach for analysis andprediction of monthly precipitation field
in the department of Snfra ( Central -west of Cote d'lvoire)
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Abstract- Regionalrainfall trends in Ivory Coast, due to climate change, show a general decrease in rainfall over the entire count
This is likely to disrupt plans streams thereby reducing the availability of swtstee resources. The objective therefore assigned to
this work is to analyze the precipitation field while incorporating the effect of climate change. For field analysispdapoecithe
approach follows a arkovian approach, which is a stochasticrapph widely used to analyze and simulate the spatipora
evolution of a system frormansition probabilities. The study was conducted oma 8eries of rainfall data (19@®00) and showed

that monthly precipitation echoes are wadkcribedby a Hdden Markov Model (HMM). Tharkovian approach followed in this
work has helped develop a model to analyze and forecast precipitation field in the department that of Sinfra thaalgfiesith
accuracy about 83 %.

Keywords-remote sensingyeographic information system, hidden Markov model, water resqunesgipitation field, monthly rain,
forecasting

INTRODUCTION

Several modelare usedo analyze precipitation data which represent one of the meteorological phenomena the most difficult t
analyze because dlfieir high spatiedéemporalvariability [2]. However the most widely used technique is the one based on the
modelsof Markov ([11], (12), (15), (20)). In thistudy for modeling thenonthlyfield of precipitation, the model used isHdden
Markov Model (HMM) because¢his model hathe advantage of well formalize the transitions from one season to another and
associate ith each monthly contribution a hidden indicator varialskéch specifies the current season and explicitly descthmes
seasonal variation of the process generator of observations. The transition froeasmrets 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 aiplebstamkov model.. The
last axis will indicate the types of exploitat of the Hidden Markov Mdel through the analysisnd forecastingpf monthly
precipitationfield of the department of Sinfra.
State ofart
Several stochastic model8, [9], (19), (26), (29)) ae used to simulate threcipitationfield, from observed data from stations or
meteorological radard 6). These models includieosethatare based on the geosstittal methods (24), thdisaggregatiomethods
([14], [25]), thedisaggregton methods usind/larkov models (4)), thprobabilistic 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 stoch
models:
- Deterministic models

It is to establish a system of equatiorn® (host from fluid mechanigsfor which the settings to the initial moment are determined by
the meteorologicabbservations. This type of model is dedicated to climate prediction. It must be reset frequently with actue
observations, available, and the calculations rhasible to do so in a manner closehte real timg10). The deterministic models
represent eneral laws observed in nature by calculating and transposing into the future the average cabsaftttphenomena
- Statistical models and probabilistic
Unlike deterministic models, stochastic models account for the variability of phenomepanatiability 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, buenceonterg
emphasis is here to make a digital model whose overall characteristgsirageo tend on average to those of the real system. This
type of model is rather dedicated to the simufatithe one used in this casels developed from probabilistic mathematics, to assess
risks to achieve such temperature or if it rains (10).

The Hdden Markov Modelsare part of thisast category2?2), the probabilistic modelsAs 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 fieldisfigproba
mathematics, tools developémm Hidden Markov Mdels are spreading of growing way in the modeling involving the deshp
phenomena. These are douplpbabilisticmodelswho have the advantage of serveezsglly to deal with problems with incomplete

or uncertaininformation(12). This type of model of Markov is used in this work to model the field of monthly precipitation, actual
proaess, fromtime series of rainfafrom 1966 to 200@vith a view to make forecasts

According to the pringile of the modl of the Hidden Markov Model, rais regarded as a noisy signal as well before the analysis of
the field of precipitation the signal is restdrwhich leads to the denoisidgta from rain. These models therefore reflect better the
echoes of precipitatioby integrating the effects of climate change as regards the climate data.

1 LOCATION OFTHE AREA OF STUDY

The department of Sinfra, isdated in the Central West bfory Coastand is part of the administrative region of the Marahoue. The
departmental territory includes four (4) sudvefectures: Sinfra, Bagr Kouetinfla and Kononfla. The departmasftSinfra extends
over 1600 krhand is bounded to the North by the department of Bguarl the south by the departments of @wand Gagnoagn

the east by the department of Yamoussoukro and to the west by the defsaidmBaloa and IssiaThe department of Sirdris
located between longitudds38W and 615°W andlatitudes6.48°N and 682°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

6.82°N

6.15°W

20 Km

L S— )

M oBE'S

6.48°N

Figure 2. Image of the study area extracted from the band 4 ofgatellite 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 useftwfaseveral
depending on the type of processing required.

2.1MATERIAL

Several types of data were needed for the realization of this research work. The processiaigdsht TMsatellite images
from1986and ETM+from 2003 of the scene 19155, respectively registered on 16 January and on 20 January, besiamato
extract the study area. The topographic maps of square degrees of Daloa and 1GaZfp@@00 as scale from the éhter of
Cartography and Remote Sensing (CTC) have served to the extraction of the hydrogtaydric Time series aaily, monthy and
yearlyamount of rainfall from 1966 to 200®f the department of Sinfra and 26 rainfalltistas surrounding it, from the Operating
Company and Airport Development, Aeronautical anetddrological (SODEXAM) have provided the necessary informatiche
analysis and prediction of the field of monthly precipitation. Given the character of multisource data, several typgeseat trage
been required which involves the use of several software.

The extractionof the hydrographic netwkrhas 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 satdllismdhihge
extraction of the study area. Foarkovan modelinghe software Matlab 7 was necessary.

2.2METHOD
The modeling ofrmonthly precipitatiorfield of the department of Sinfra is performed according to the principlédafden
Markov Model whichis a doublymarkovianprobabilisticapproach
2.21 MODELING OF MONTHLY PRECIPITATION FIELD USING A HIDDEN MARKOV MODEL
1 DEFINITION
A Hidden Markov Modeis a process doubly stochastie componens anonobservabléviarkov chain This process can be

observed through another set of processes which produces a suite of observations. More simply, it is a model thahelesatézes t
of amarkovian processgsing the transition probabilities and the probabilities of observatiotat®sslt is a
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Markovian model in which each state corresponds to an event natlgiobservable and thus applied to certain problems with
hiddenstates The case where the observation is a probabilistic function of the state is included in tiptepoinklarkov to give a
Markov modelnot observable but can be observed through a set of stachiastess that produces a skbbservable symbold 3).

To define ahidden Markowhain severakonsiderations are made such as:
-All the past of theainy phenomenon is summariziedts state at the last moment whiers known, in itspreviousstate[20]:
-this is a discrete procgshomogeneous in time, witimite state space.
Thus efined the Hidden Markov Modebnsists of following elements: a transition matrix A, a matrigrofssion B and the initial
conditionsd.

1 PRINCIPLE OF HIDDEN MARKOV MODEL (HMM)

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

1) The numbeN of states of the model.
The setSof individual states of the model: S ={$5,, S, én}, S (1)
and the state at time t gt, [gtS.
2) ThenumberM of symbols to sepate observations when the observation Othasphysical output of theystem is represented
discreteoutputs The set bsymbols of observations:

Ot=vk,vkf V= {vl,v2,v3, évm} (2

can be generated following multiple paths in a HMM

3) ThedistributionA of transitionsprobabilities of the states

A= {aij} 3
Or
A;=P[qt+1= sj/qgt= if]l], 1< i,jO N 4
And
N
é aij=11¢i¢ N
= ©)
4) The probability distributiorB of observations in each state j:
B = {bj(ot) }, j = 1,2,3 , ¢é ,N

In the case where thabservations are continuous outpute have:

+ o

P ()dx=11¢ j¢ N

(8)
And in the case where the obsations are adiscreteoutputswe have:
BJ(Ot=vk)=P[Ot=vk/qt =sj], 1<j<N,1<k<M (9)
With

M

ab (G =y)=11¢ j¢N

k=1 (10)
And in thiscase B is called the matrix of probabilities of symbols of observations.
5) The probability distribution of initial states!:

B={ p;} (11)
Or
p, =Plg,=s]1¢i ¢ N
12
N 13
ap =1 49
i=1
We can conclude that the complete specification of an HMM requires: (12)

A Two parameters (N and M for a discrete HMM) ;
ADefinition of the vectors of observations;
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AThe distributions of probabilities A, B artl
We denote by:
s =(ABY) (14)
A modelcompletely specified.
Given the appropriate values of N, M, A, B aagdthe HMM can be used as
a generator of sequenckobservations:
0 =0,0,0;.... G (15)
with
Ot=vk vk V,1<k<M (16)
In the case where the observation is represented as disatetts
T is the nurber of observations in treequence

The design of a HMMrequires several steps.

1 DIFFERENT DESIGN STEPS OF AHMM

The deign of a HMM necessarily requirédse following stages:
- Evaluation of the model;

-Estimation of the sequenoéhidden states;

-Learninga n d ;

-Validation

1) STEP 1: EVALUATION OF THE MOD EL

Given a sequencef observations O = 0,0,0; .... G- and a modela-= (A,BY), how can we calculate effectivelthe
probability P(Ofgy that the sequence observation O is produced @ In practiceit is to evaluate the model in order to choose
among several that which generates thteebdhis sequencef observation O. &veral techniqueare usedo solve this problem: the
method of direct assessment, the procedure "Forward Backwartfiealdoithm of Viterbi ([3], [12]).

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

This stepis essentially the analysis stg the modelGiven a sequencef observations O= 0;0,0; .... G and a
model 2= (A,B,B), how can wehoose a sequenoéstates Q = QQ,,Qs € Q according to anadequateriterion? It isoften
interesting, givena HMM» and a sequen©e O00M0;..00 ste deteraineg tlersequence of states Q6
€ Qr the more likely ving been able to generate @id 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 expengdeatian
time becausein the general case, there arépgdssible paths. It was therefore recourse to an algorithm of dynamic programming
through a lattice associatavith the HMM the algorithm of Viterbi ([3], (12), (13)).

3) STEP 3: LEARNING
How can we adjust the modek (A, B,3), to maximizeP(O/fe) ?
The objective of this stepf the deigyn of a model of the HMMs the estimation of model parameters.

The parameters of a HMM are generally not given in advance, they musitibeated from data. A long sequenoé
observation®© = 0,0,0s.... O, called learning data which is supposed to be representative of the type of data that the HMM ca
produce is considered at the beginning of the process. In addition the structure of the HMM (the number of statgessibléhe
transitions between states)yiged. The objective is to determine the parameters which make it the best account of the result c
observations O or, in other words, to determine the parameters which, among the set of possible paramatersy &tttiite best
probability (3], (12), (13)).

4) VALIDATION

The validation of the model will consist of a comparison between the observed salisimulated hidden statd$is proces
leads to the calculatioof correlation coefficienR which reflecs the performance of the model. This coefficient measures the ability
of the model to give the sequerafehidden states knowing the sequentebservations.
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The different level®f the degn of the HMMare grouped in the organization chart below (fig.3):

Monthly rainfall
1 =

Hidden Markov Model (HMM) J, 1= (A.B.TI}

» First order hidden Markov chain
Discrete and finite sapce of state (4 seasons of the year) :

Gs(1), Gpi2), Ps(3), Po(4)
Long dry season (Gs)-Long rainy season (Gp)-Short dry season(Ps)-

Short rainy season (Pp)
1(Nov-Dec-Jan-Feb), 2(March-April-May-June),
3(July-August), 4(Sept-Oct)
Sequence of state S :  §=5,5:5;...
Transition matrix A :  A={o,= P(s/sJ} with Z“ =1

Observation (Monthly amount of rainfall)
1{P=0 mm) 2(0<Ps100) 3(100<Ps200) 4{200<Ps300) 5{P>300)

\ Observation Matrix B : B={bjl0J),j=1,23,.,N

Performance ot the model:Calculation ot the correlation coefficient R (0 <R <1)

< .

Compute P {O/A) given Determin the optimal Reestimate model parameters
0=0,00...0, sequence of state A=(A 8 1), in order
o 5 . Q=Q,Q2 Q3.Q to maximize p {0/ A)
PfoM)= 3. FO!QAVNQIA) which hicve r {Baum-Welsh Algorithm)
(Forward-Backward Procédure) generated
0=000...0,
{Viterbi Algodthm)

Figure 3. Flowchart of the dsign of a HMM for monthly precipitatiors [3]
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After the design and validation, thiee of the HMMfor the analysis and forecasg of monthlyfield of precipitatiors will bedone
throughits three modules: Learning, Evaluation and prediction.

1 EXPLOITATION OF THE MODEL
Theexploitation of the HMMs done through its three modules:
-The learning module which has bagsed to estimate the model parameters through the use of the algorithm ef\Recim,

-The analysis module which is used to determine the state in whichsteenswas or will be for a given sequence of observations
and also to make a forecast using tlgedathm of Viterbi and,

-The evaluation module that allow® achieve the recognition of sequences and the estinpatdabilitiesof occurrence of a
given sequence of observationsing the principle of likelihood. This module allovis calculate the mbability 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 precipitaiider to forecast following the flowchart below
(fig.4):

Monthly rainfall

\ 4
[ Hidden Markov Model (HMM)4. 1= (A B.II} (A,B, ]

Prediction of state and Determine the probability of the Find the hidden state in
observation sequences system to be in a given state which the system is or
after emitting a givelsequence wasor will be after
of observation emitting a given sequency
of observation

Figure 4. Diagram of operatinghe HMM [12]

3- RESULTS AND DISCUSSION
In this part of the work the main results are preseanebdiscussed.
3-1 ANALYSIS OF THE PERIOD OF STUDY

The graphs of the gain the average numbef annual raig days orfigure 5 and the rafall index onfigure 6 reveal three major
phases of the study perid@], [7]):

- First phase: thewet phasei,it is less long and extends over 6 years, from 1966 to I4.period ischaracterized by
annual rainfall with a surplus.

- Second phase: the normal phasd, is longer and lasted 18 years, from 1971 to 1988. It is characterized by an
alternation of yearwith low deficit andlow surplus

- Third phase: it lasted 11 years, from 19888 2000. This period is characterized by alternatingand humidperiods
causing sudden and intense rain (fig. 5 @pdThus, an analysis of the period of study riagcadecrease in the number
of rainy days duringecent years, mied by a return of rainfalince 1994.
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Figure 5. Graph of deviations fronyearlyaverage of the number of rainy days

Dividing thestudy period into three major periods | (1966 to 1971191 t01988) and 111(1988 t02000)is confirmed by the graph
of Nicholsonrainfall indexpresented by the figure 6:

Figure 6. NicholsonRainfall Index from 1966 to 2000

3.2 RESJLT 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

1 STATES OF THE SYSTEM

The analysis of thergph of deviations froomonthlyaverage of the number of rainy dayaf figure 7 and the Nicholson rainfall
index for monthly precipitation fieldf figure 8 has allowed us to identify 4 seat for the HMMwhich hasbeen used to model the
monthlyfield of precipitation.
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