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Application of Electrical Resistivity in 

Buildings Foundation Investigation in Ibese 

Southwestern Nigeria  

Falae Philips Omowumi  
 

Geology Department, University of Ibadan, Nigeria 

 

 

ABSTRACT 

Application of geophysical investigation has been carried 
out using Vertical Electrical Sounding (VES) at the 
proposed building site in Ibese Southwest Nigeria to 
determine the geophysical parameters that can be used to 
evaluate the structural competence of the subsurface 
geological characteristics of the site for construction 
purposes and building development. The Schlumberger 
configuration was used for the data acquisition. One-
dimensional numerical inversion of individual DC 
resistivity was used to enhance the processing of the 
results for better achievement of the aim of the study. 
Models obtained from the 2D inversion of each VES were 
used for construction of geo-electric sections which 
exhibit the main geo-electric characteristics of the 
geological units present in the area. The interpretation 
results showed that the geo-electric sections consist of 
three-four layers namely: topsoil, pebble clay, limestone 
and sand/limestone. The layer resistivities and 
thicknesses range from 11 - 404 Ohm-m/0.4 - 1.5 m, 2-210 
Ohm-m/ 0.8 - 9.2m and 33 - 160Ohm-m respectively. The 
investigation revealed that the sand/limestone litho unit 
is to be the most competent for shallow foundation for 
small to medium engineering structures. 
 
Keywords: Geophysical, building, geo-electric section, 
shallow foundation  
 

INTRODUCTION 

Foundation investigation is an important program in building and engineering structures. 
Several approaches have been used for the success of foundation investigations. 
Geophysical methods, particularly electrical resistivity technique, had been extensively 
used for a wide variety of engineering and environmental problems (Zohdy, 1975; Barker, 
1980; Boyce and Kaseoglu, 1996; Mousa, 2003, Olorunfemi, et al., 2004; Hosny et al., 2005; 
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Alotaibi and Al-Amri, 2007; Nigm et al., 2008; Oyedele et al., 2009). The application of 
electrical resistivity survey has become a prime choice, as a result of the cheap cost that is 
involve and the fact that it saves time and easy to carry out, and can also be used to 
determine geological structures (Al-Sayed and El-Qady 2007). Engineering applications of 
electrical resistivity include investigation the bridge, dam and building structure 
foundations using electrical resistivity survey (Omoyoloye et al., 2008; Adeoti et al., 2009; 
Mahmoud; et al., 2009). Apart from engineering applications, electrical resistivity can also 
be of great importance in ground water investigation, determination of contamination 
source and impact of leachate. In this study, a non-destructive geophysical technique 
involving Vertical Electrical Sounding using Schlumberger array was adopted to 
investigate the subsurface conditions at the proposed building site in Ibese with the aim of 
determining the competency of the competent soil upon which the structure will be laid. 

DESCRIPTION OF THE STUDY AREA 

Ibese town is about 4km North of Ilaro town in Yewa North Local Government Area of 
Ogun state. The study area approximately bounded in the North by Longitude 070 
00‘14.0‘‘- 70 00‘03.2‘‘ and in the East by Latitude 003002‘58.0‘‘ - 003002‘49.1‘‘ The 
topography of the area is of relatively flat to a gentle slope terrain. The study area lies in 
Southern Nigeria, which is within the humid tropical region of the equatorial zone and is 
typified by two main climatic seasons, namely the wet and dry seasons. The area belongs 
to the tropical rainforest of southern Nigeria and is covered mainly by tall trees typical of 
savannah vegetation. The coastal swamp is mainly mangrove. The local geology of the 
study area (Fig.2) is that of Ewekoro formation. 

 
Figure 1, Geological map around Ibese showing the study area 
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MATERIALS AND METHODS 

Vertical Electrical Sounding (VES) using the Schlumberger electrode configuration (Fig 2) 
was carried out at fifteen (15) selected points within the study area (Fig.3). In all, fifteen 
VES points were located and fully occupied within the study area. The VES data obtained 
were subjected to partial curve matching using two-layer master curves and auxiliary 
curves as an initial stage of data interpretation (Orellana and Mooney, 1966; 1972). The 
layered earth model thus obtained served as the input model for the inversion algorithm 
as a final stage in the quantitative data interpretation (Zohdy, 1973; 1975 and 1989). The 
final interpreted results were used for the preparation of geo-electric sections and maps. 

 
Figure 2, Principle of electric sounding (a) For small current electrode separation (b) For 
larger current electrode separation 

 
Figure 3: Spatial distribution of the VES point 
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RESULTS AND DISCUSSION 

The result of the geophysical survey is presented in Sounding Curves, Geo-electric 
sections and Maps. The layer model interpretations of all the VES points are presented in 
the figure 4a-4o. The results of the interpretation show a system of three geo-electric layers 
for VES1-14 while VES15 shows a system of four geo-electric layers. All the curves show 
an H curve pattern. A summary of the VES interpretation is presented on Table 5.1. From 
the Table, it is quite evident that the resistivity of the first layer is very low indicating a 
high degree of saturation. The resistivity values range from 1.7 – 21 Ohm-m suggesting 
saturated clay/limestone unit. The thickness of this layer ranges from 6 – 9.2 m. The 
second-layer shows a fairly saturated sandy/limestone unit with resistivity value ranging 
from 33-269.3 Ohm-m. 
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Table 5.1: Summary of VES data interpretation 
S/N Layers Resistivity 

(Ωm) 
Thickness 
(m) 

Depth 
(m) 

Curve 
Type 

Reflection 
Coefficient 

Probable  
Lithology 

 
VES 
1 

I. 296.7 0.6 0.6 H-Type 
ρ1>ρ2<ρ3 

0.4245 Topsoil 

II. 14.3 6.6 7.2 Clay 

III. 101.0   Sandy Clay 

VES 
2 

I. 296.9 0.6 0.6 H-Type 
ρ1>ρ2<ρ3 

0.7530 Topsoil 

II. 14.4 6.7 7.3               Clay 

III. 102.2   Limestone 

VES 
3 

I. 140.6 0.6 0.6 H-Type 
ρ1>ρ2<ρ3 

0.6130 Topsoil 

II. 17.2 6.0 6.6 Clay/Limestone 

III. 71.7   Sandy clay 

VES 
4 

I. 162.8 0.7 0.7 H-Type 
ρ1>ρ2<ρ3 

0.6184 Topsoil 

II. 18.6 7.5 8.2 Clay 

III.        78.9   Limestone 

VES 
5 

I. 260.2 1.1 1.1 H-Type 
ρ1>ρ2<ρ3 

0.6763 Topsoil 

II. 21.2 6.9 8.0 Clay/Limestone 

III. 109.8   Sandy clay 

VES 
6 

I. 10 3.5 3.5 H-Type 
ρ1>ρ2<ρ3 

0.8824 Topsoil 

II.         4       1.9    5.4 Clay 

III. 64   Clay/Limestone 

VES 
7 

I. 11.0 1.0 1.0 H-Type 
ρ1>ρ2<ρ3 

0.3542 Topsoil 

II. 1.7 0.8 1.8 Clay 

III.       33.0   Clay/Limestone 

VES 
8 

I. 69.2 0.9 0.9 H-Type 
ρ1>ρ2<ρ3 

0.7031 Topsoil 

II. 9.9 4.1 5.0 Clay 

III. 56.8   Sandy clay 

VES 
9 

I. 76.3 0.9 0.9 H-Type 
ρ1>ρ2<ρ3 

0.7015 Topsoil 

II. 12.0 4.5     5.3 Clay/Limestone 

III. 68.4        Sandy/Limestone 

VES 
10 

I. 154.2 1.5 1.5 H-Type 
ρ1>ρ2<ρ3 

0.9387 Topsoil 

II.        8.2 3.9 5.4 Clay 

III. 259.3   Limestone 

VES 
11 

I. 212.9 0.5 0.5 H-Type 
ρ1>ρ2<ρ3 

0.7635 Topsoil 

II. 16.6       8.5    9.0 Clay 

III. 123.8   Limestone 

VES 
12 

I. 89.7 0.5 0.5 H-Type 
ρ1>ρ2<ρ3 

0.7153 Topsoil 

II. 12.0 6.0 6.4 Clay 

III.       72.3   Sandy/Clay 

VES 
13 

I. 48.4 0.8 0.8 H-Type 
ρ1>ρ2<ρ3 

 
0.9105 

Topsoil 

II.        2.6 1.0 1.9 Clay 

III.      55.5          Clay/Limestone 

VES 
14 

I. 404.0 0.4 0.4 H-Type 
ρ1>ρ2<ρ3 

 
 
0.8428 

Topsoil 

II. 13.6       9.2    9.6 Clay 

III. 159.4   Clay/Sand 

VES 
15 

I. 75.6 1.3 1.3 H-Type 
ρ1>ρ2<ρ3 

 
0.5787 

Topsoil 

II. 9.1 3.6 4.9 Clay 

III.       34.1 2.3 7.2 Clay/Limestone 

 IV        26.6     Clay 

GEOELECTRIC AND LITHOLOGICAL CHARACTERISTIC 

The VES results were used to prepare 2-D geo-electric sections Figures 5a-c. The geo-electric 
sections revealed three geo-electric/geologic subsurface layers comprising the topsoil 
(resistivity varies from 11-404 Ohm-m and thickness range from 0.4 to 1.5 m); second layer 
clay/sand horizon (resistivity varies from 2 to21 Ohm-m and thickness range from 0.8-9.2m); 
and the resistivity value of the limestone horizon range from 33-160 Ohm-m. 
 

Isoresistivity and Isopach map of the topsoil 

Figure 6a-b shows the 2-D and the 3-D surface of the topsoil. The thickness of the top soil 
ranges from 0.4-1.5m towards the western part of the area. There is a closure of highest 
thickness up to 3.4m. The Isoresistivity map shows that the southwestern parts of the 
study area have the highest resistivity value 380 Ohm-m. The southeastern and 
Northwestern part showed low resistivity value (<160 Ohm-m). 
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Isoresistivity and Isopach map of the second layer 

Figure 6c-d show the Isopach and Isoresistivity maps of the second layer. The Isopach map 
indicates thickness ranging from 0.8-9.2m. The map shows the largest thickness in the 
southwestern part of the study area with thickness up to 9m while the Isoresistivity map 
indicates a resistivity range of 1.7-21.2 Ohm-m.  
The highest resistivity values were identified towards the southwestern and southeastern 
parts of the area up to (200 Ohm-m) and lowest resistivity values were identified in the 
Northern part of the study area (≤100 Ohm-m).  
The high resistivity depicts competent geologic materials, such as sand or clayey sand 
formation. Very low resistivity suggests clay or sandy clay materials, or water saturated 
materials, often less competent to support the stability of heavy engineering structures. 
The depth of the aquifer units range between 0.35 m and 5.80 m in the area. Soils below 
the groundwater tables generally saturated (Coduto, 1998). An important factor often 
considered in foundation design is the water table and water table fluctuation (Bowles, 
1984; Coduto, 1998).  In addition, raised water table may create a wet basement or 
foundation, and consequently engenders instability of the overlying structure (Bowles, 
1982; Othman, 2007). 
 

 
 

 
 

 
 

Figure 5 a-c:  The Geoelectric section of the VES. 
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Fig 6a: Isopach map and 3-D surface of the top soil 

 

 
Fig 6b: Isoresistivity map and 3-D surface of the top soil 
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Fig 6c: Isopach map and 3D map of the second layer 

 

 
Fig 6d: Isoresistivity and 3D map of the second layer 
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CONCLUSION 

The application of Electrical resistivity method has been employed in delineating the 
various litho units at a proposed building site in Ibese, Southwestern Nigeria. Based on the 
fifteen VES measurements taken, three major layers were delineated from the study area 
which comprise topsoil, clayey sand/sandy clay and limestone. The depth of the topsoil 
range from 0.4m at the Southeastern part of the study area to 3.4 m towards the Western 
part of the area. The depth of the partially competent bed ranged from 3.4 – 13.0 m. The 
first and second layers are highly saturated, and it is rated incompetent. This has been 
attributed to the waterlogged nature of the site. 
Based on the conclusion stated above, the following recommendations are made: 
(i) Ground treatment such as dewatering and in-situ compaction should precede use of 

reinforced concrete during the construction of shallow foundation. 
(ii) Depending on the size of structures to be erected, the use of piling may be necessary 

for the structures to rest directly on the competent bed 
(iii) It is important to take into cognizance all other engineering construction criteria that 

may be relevant considering the waterlogged nature of the site.  
(iv) Further geological and geotechnical analysis should be carried out on the soil 

sample of the study area. Further studies in this respect, could adopt integrated 
geophysical methods and increase in area of coverage in other to enhance accurate 
delineation of the stratigraphic layers of the subsurface in the study area.  
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ABSTRACT 

Nanoparticles are key components in the advancement of future 
energy technologies; thus, strategies for preparing nanoparticles in 
large volume by techniques that are cost-effective are required. In 
the substitution of fossil-fuels by renewable energy resources, 
nanometersized particles play a key role for synthesizing energy 
vectors from varying and heterogeneous biomass feedstocks. They 
are extensively used in reformers for the production of hydrogen 
from solid, liquid, or gaseous energy carriers. Catalyst activities 
depend critically on their size-dependent properties. Nanoparticles 
are further indispensable as electrocatalysts in fuel cells and other 
electrochemical converters. The desire to increase the activity per 
unit area, and decrease the necessary amount of the expensive 
catalytic standard, It is clear that performance and 
commercialization of fuel cells depend on electrode materials 
performance. The application of pt  nanomaterials as an electrode 
in the field of fuel cell  has become a new, growing area of interest 
in recent years. We review chemical process for synthesis of pt 
nanoparticles. Recent developments in syntheses process of pure & 
mixed platinum nanoparticles has briefly reviewed specifically for 
applications in fuel cells. As the physicochemical properties of 
noble-metal nanostructures are strongly dependent upon shape 
and size, the development of reliable synthesis methods for the 
production of nanocrystals with well-defined size and 
morphology have been discussed briefly. The role of 
nanostructured supports for the nanoparticles, such as ordered 
mesoporous carbon, dendrimer have also discussed. And size of 
the nanoparticles obtained in deferent process and their 
temperature dependence has also discussed briefly. 
 

Keywords: Platinum nanoparticles; Supporting materials; Chemical 
process of synthesis; Growth control 
 

 

INTRODUCTION 

The chemical method is relatively easy and inexpensive, with some difficulties to place 
and align the resulting nanostructures in desired configurations or patterns. Pt metal 
nanoparticles have been usually prepared by impregnation and reduction of Pt metal 
precursors in a micro porous support. In this paper, we will discuss recent advances made 
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in the synthesis of platinum nanoparticles using chemical synthetic procedures on 
supporting materials. 
General rout of chemical synthesis of Pt. nanoparticles is as:  

 
Fig. 1 Chemical synthesis process of supported metal nanoparticles. 

 
In the synthesis process, the pt metal precursor, either in an ionic or a molecular state is taken. 
Chemical changes are initiated to convert the precursor to pt metal atoms by the reducing 
agent, these metal atoms then merge into suitable supported materials/or stabilizer to form 
nanoparticles. For example in chemical reduction, H2PtCl6 is reduced by NaBH4 (Park and et.al. 
2002) or Zn (Jiang and et.al.2003) to give rise to platinum nanoparticles; 
 
 H2PtCl6 + NaBH4                        Pt  +Other reaction product. 
Particle growth is usually confined by the presence of a confining support or a protection 
agent/stabilizer,. Supported and size-controlled nanoparticles are then formed. For 
example in surfactant-stabilized colloidal method, in which H2PtCl6 was employed as the 
precursors of Pt nanoparticles, and zwitterionic surfactant 3-(N, N-
dimethyldodecylammonio) propanesulfonate (SB 12) as the stabilizer and methanol as the 
reductant (Li and Hsing 2006). 

PRECURSOR 

The common precursor used in platinum nanoparticles synthesis is H2PtCl6.The precursor 
is usually dissolved in an aqueous or organic liquid phase. The chemical step to change 
the dissolved metal precursor to the solid metal is usually effected by the introduction of a 
reducing agent. Other chemical steps such as decomposition, displacement, or 
electrochemical reactions are also possible. In addition to initiation by physical mixing, the 
chemical step can be activated by radiolytic (Belapurkar and et. al.2001) sono-chemical 
(Chen and et. al. 2003) or electrochemical means (Zoval and et. al. 1998). In addition to the 
chemical steps, many additional physical steps are required between the initial precursor 
state to the final supported state in a working electrode (Chan and et. al. 2004).  
In situations of mixed metal nanoparticles the different reactivities of two types of 
precursors, e.g. RuCl3 and H2PtCl6 (Maiyalagan 2009, Yang and et. al. 2003, William and et. al. 

2002 ) are usually used. Sometimes {Pt(NH3)2(NO2)2, Ru3(CO)12, RuNO(NO3)}(Takasu and 

et. al. 2000), {Na6Pt(SO3)4, Na6Ru(SO3)4}(Friedrich and et. al. 2002), { PtCl2 and RuCl3}(Choi 

and et. al. 2003) etc. various complex precursors have been also used. Now we will discuss 
about supporting materials usually used in synthesis process of platinum nanoparticles.    

SUPPORTING MATERIALS  

The support for the metal nanoparticles turns out to be as important as the nanoparticles for 
providing their dispersion and stability. It also provides electrical conductivity when used as 
electrode for catalyst. The need for electrical conductivity has ruled out conventional catalyst 
supports such as molecular sieves and alumina (Rajesh and et. al. 2002). 
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In addition to electrical conductivity, supporting materials must have some important 
properties such as high surface area, hydrophobicity, morphology, porosity, corrosion 
resistance etc. for the choice as a good catalyst support. So that low surface area single 
crystal metals and graphite are undesirable as support materials. Based on these 
considerations, carbon is the best catalyst support material for low temperature fuel cells. 
Carbon black (Takasu and et. al. 2000), and activated carbons have been extensively used as 
catalyst supports, with Vulcan 72 being the most representative.( Yang and et. al. 2003, 

William and et. al. 2002, Dubau et. al. 2003).  
In the last decade, a number of new synthetic carbons with various mesostructures and 
nanostructures have been reported. These include carbon nanotubes, aerogel carbon and 
mesocarbon with or without a high degree of order(Yu and et. al. 2002). Our focus is on 
several new types of synthetic carbon materials as mixed metal nanoparticle catalysts in 
fuel cell electrodes. The family of carbon nanotubes is the most well known synthetic 
porous carbon. These carbon nanotubes may be semiconducting or metallic in behavior.  
In the synthesizing of carbon nanotubes, these require purification from amorphous 
carbon. In addition, uniform loading of metal into sub nanometer scale nanotubes is not a 
simple task. Metal nanoparticles are often adhered to the outside of nanotubes or in the 
inter-tubular space.  
Aligned and monodispersed carbon nanotubes loaded with Pt,  Pt–Ru abd Pt-WO3 
nanoparticles showed good electrochemical activity for oxygen reduction and methanol 
oxidation which is evaluated through cyclic voltammetry (Rajesh and et al. 2002). At the 
same time the performance of multi wall carbon nanotube loade with Pt also was 
investigated and Pt loaded multi wall carbon nanotubes at 900 C shows a better Oxidation 
for  methanol ( Li and et al. 2003). Some researchers have walked  around the loading 
method of noble metals (Ye and et al. 2003, Yu and et al. 1998). But we will lock up our 
discuss in a brief about mesocarbon and dendrimer which are hugely used as a supporting 
materials. 

MESOCARBON 

A recent important development is the synthesis of ordered carbon structures with tunable 
pore sizes on the order of 2 to 50 nm (mesopores). The mesopores are expected to offer 
better mass-transfer properties compared to carbon nanotubes (Warren and et al. 2008). 
The ordered mesoporous carbon is synthesized by a templating procedure starting with 
highly ordered mesoporous silica as shown schematically in Fig.2  
 

Fig. 2 Show the mesoporous silica preparation process 
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A variety of ordered but amorphous silica porous structures can be synthesized. Carbon 
replicas are made by filling up the porous silica with a carbon source such as sucrose and 
allowing carbonization to take place at an elevated temperature about 10000C. The silica 
template can be removed by dissolution in HF or NaOH. By using different silica 

templates corresponding different carbon structures can be made. 

DENDRIMER 

Dendrimers are good candidates for preparing metal nanoparticles because they can act as 
structurally and well-defined templates and robust stabilizers. Dendrimers are highly 
branched macromolecules and generally described to have a structure of spherical shape 
with a high degree of symmetry. In the field of catalysis, the hope is that dendrimer 
catalysts will retain the benefits of homogeneous catalysts (high activity, high selectivity, 
good reproducibility, accessibility of the metal site and so on) and, unlike most other 
polymeric species, they will be readily recoverable after reaction. In principle, dendrimer 
is one of the most promising candidates that can meet the needs for an ideal catalyst: 
persistent and controllable nanoscale dimensions, chemically reactive surface, favorable 
configuration in which all the active sites would always be exposed towards the reaction 
mixture so that they are easily accessible to migrating reactants, and soluble but can be 
easily recovered by filtration. These properties, or some combination of them, are what 
makes dendrimers so useful for application in catalysis. Dendrimers have also been 
considered as new types of host for accommodation of guest molecules by virtue of their 
three-dimensional structure having interior void space, and hence various metal 
nanoparticles have been successfully prepared using dendrimer as a template (Kim and et 
al. 2004). The driving force for guest encapsulation within dendrimers can be based on 
electrostatic interactions, complexation reactions, steric confinement, various types of 
weaker forces (van der Waals, hydrogen bonding, hydrophobic force, etc.), and their 
combinations. For example: Polyamidoamine (PAMAM) dendrimers, in particular, have 
been used as nano reactors with effective nanoparticle stabilization. In addition, 
encapsulated nanoparticles surfaces are accessible to substrates so that catalytic reactions 
can be carried out (Knecht and et al. 2004). The electrocatalytically activity  for oxygen 
reduction of PAMAM dendrimer encapsulated Pt nanoparticles and Pt-Pd bimetallic 
nanoaparticles are studied (Ye and Crooks 2007).  The dendrimer-encapsulation process of 
platinum nanoparticles also examined through the supported on carbon fiber (Ledesma 
and et et al. 2008) and nitrogendoped CNT as electrodes for oxygen reduction 
(Vijayaraghavan and  Stevenson 2007). (Maiyalagan 2009) makes use of the fourth 
generation amine-terminated PAMAM dendrimers (G4-NH2) to anchor on the 
functionalized carbon nanofiber (CNF) as a substrate and then encapsulate Pt–Ru 
nanoparticles on dendrimers for the better dispersion of the electrode, which exhibited 
very good catalytic activity. Now we will focus our discussion on the growth process of 
platinum nanoparticles. 

GROWTH CONTROL 

It is the most important step for nano particles synthesis. During the chemical step, metal 
atoms formed will aggregate to form a nucleus. Nuclei that grow beyond a critical size will 
be stable, but a mechanism is needed to curb the growth of particles and to achieve a 
narrow size distribution. Different growth control mechanisms and strategies are used in 
the different types of nanoparticle synthesis. On base of growth control mechanism 
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chemical process can be classified as (A) Colloidal method, (B)Microemulsion methods, 
(C) Impregnation method. 
 In the colloidal method, aggregation of nanoparticles is prevented either by electrostatic 
hindrance or the addition of a protecting agent, which will adhere onto the surface of the 
nanoparticles. In the microemulsion methods, surfactants are added and chemical reaction 
and mass-transfer processes are confined within the microdroplets engulfed by the 
surfactant molecules. A simpler strategy in the impregnation method is the early addition 
of the microporous support before the start of the chemical step. The support then acts as 
the confining medium to restrict reaction, diffusion, and aggregation processes. 
 
Table 1 Reports of chemical methods for synthesis of supported pure pt. metal 
nanoparticles with their characterizations. 

Nano 
particles 

Size Support/Loading Preparation 
Method 

Precursor Characterization Reference 

Pt 2–3 nm Vulcan XC-72R 20–60% Radiolytic synthesis H2PtCl6 TEM Gratiet and et al. 1998 

Pt 2.9 nm Vulcan XC-72R 40% Reduction by ethylene glycol  
at 1300 c 

H2PtCl6 TEMTEM, CO-
Chemisorption 

Zhou and et al. 2003 

Pt 9 nm  Reduction by sodium borohydride H2PtCl6 XRD, XPS, SEM Chen and and et al. 2001 

Pt 3.5–13 nm Vulcan XC-72R 10–50% Reduction by formaldehyde H2PtCl6 TEM Umeda and et al. 2003 

Pt 2.5 nm Carbonised SBA15 20–50% Impregnation H2 reduction  
at 300 uC 

H2PtCl6 TEM, BET Joo and et al. 2001 

Pt 3-5nm Mesoporous carbon 
microbeads 

Liquid-phase reduction H2PtCl6 SEM, XRD Liu and et al. 2002 

Pt 7.1 nm Carbon nanotubes by CVD 
with alumina membrane as 

the template 

Impregnation H2 reduction  
at 580 uC 

H2PtCl6 TEM, SEM Che and et al. 1998 

Pt 
 

1.2 nm Template carbonisation of 
polypyrrole on a alumina 

membrane 

Impregnation H2 reduction  
at 550 uC 

H2PtCl6 SEM, XPS, HRTEM Rajesh and et al. 2002 

Pt 2-5nm Multiwalled carbon 
nanotube 

Liquid-phase reduction H2PtCl6 HRTEM, XRD Li and et al. 2003 

Pt 2.6 - 
3.7nm 

 
 
 

Reduction by aqueous 
alcohol in the presence of 

polymeric stabilizer protector), 

(H2PtCl6.nH2O) TEM,XRD Wang and et al. 2009 

Pt 3⋅ 6 ± 0⋅ 6 

nm 

 Thermolysis in hexadecylamine 
(HDA) at 210°C under 

argon atmosphere 

[Pt2(μ-

OR)2(C8H12OMe)
2] (R = Me or Ac) 

XRD, EDAX and 
TEM 

Ghavale and et al. 2009 

Pt 2–5 nm  ethanolic reduction stabilized by 
poly(N-vinyl-2-pyrrolidone) (PVP) 

in ionic liquids 

H2PtCl6 .6H2O (HRTEM) Mu and et al. 2004 

Pt 10nm Vulcan XC-72 modified by 
hydrogen 

molybdenum bronze 
(HxMoO3, 0 ≤ x ≤ 2) 

Reduction by formaldehyde Solution of 
H2PtCl6, 

SEM, XRD Xiang and et al. 2010 

Pt 2–4 nm Multi-walled carbon 
nanotubes (MWNTs 

Reduction by ethylene 
glycol & sodium 

citrate as the coordination reagent 
and stabilizer, 

H2PtCl6 TEM, XRD Li and Zhang 2008 

Pt ~9 nm  Modified polyol process with the 
addition of silver ions 

H2PtCl6 .6H2O, TEM, HRTEM Rioux and et al. 2006 

 

Table 2 Reports of chemical methods for synthesis of supported mixed Pt. metal 

nanoparticles with their characterizations. 
Nano 

particles  
Size Support/Loading Preparation  

Method 
Precursor Characterization References 

Pt-Ru  2.6 nm Functionalized carbon 
nanofibers (CNF) 

  Reduction by  NaBH4 H2PtCl6 & RuCl3 SEM, XRD,  
TEM 

Maiyalagan 2009 

Pt3Ru 1.5  ± 0.5 
nm 

Vulcan XC-72,40% Pt Impregnation H2 reduction 
at 120 0C 

H2PtCl6, RuCl3 HRTEM, XRD, 
EDAX, 

TGA/DTA 

Yang and et al. 
2003 

PtxRuy 2.7–3.9 nm Carbon black Thermal decomposition 
under H2–N2 

Pt(NH3)2(NO2)2, Ru3(CO)12, 
RuNO(NO3)x 

HRSEM, BET, 
HRTEM  

Takasu and et al. 
2000 

PtRu 3–15 nm Vulcan XC-72 10–90% H2 reduction  Na6Pt(SO3)4, 
 Na6Ru(SO3)4 

HRTEM, XRD,TEM 
 

Friedrich and et 
al. 2002 

Pt52Ru48 1.7 ± 0.5 HOPG, Vulcan XC-72 ,  Colloid  HRTEM, XPS, AFM, Schmidt and et 
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nm 20% XRD al. 1998 

PtxRuy  2 nm Vulcan XC-72 30%  Colloid PtCl2, RuCl3 TEM, XRD, EDX Dubau and et al. 

2003 

PtRu 2.5–5 nm Carbon cloth electrode  Microemulsion H2PtCl6, RuCl3 XRD, XPS, TEM, 
PCS, EDX 

Zhang and et al. 
2003 

Pt2Ru 4–20 nm Vulcan XC-72 40% Microemulsion  H2PtCl6, RuCl3 TEM, XRD, XPS Liu and et al. 
2002 

PtRu  2-6 nm Vulcan XC-72  Thermal decomposition  
on Carbon 

K2PtCl4,RuCl2(2,2‘-bipyridine), 
Pt2Cl4(C2H4)2, RuCl3 

TEM, XRD, 
 EDS 

William and et 
al. 2003 

Pt2Ru 2.5 ± 0.5 
nm 

Vulcan XC-72  Decomposition  
on carbon 

Pt(CO)x, Ru3(CO)12 TEM, EDX Dickson and et 
al. 2002 

Pt1.06Ru 7 nm Graphitic carbon 
nanofiber 42% 

 

 Thermal decomposition of 
bimetal complex 

(η-C2H4)(Cl)Pt(µ-Cl)2Ru(Cl)- 

(η 3: η 3-2,7-dimethyloctadienediyl 

TEM, XRD, 
 EDS 

Steigerwalt and 
et al. 2001 

PtxRuy 2–5 nm Vulcan XC-72 20%  Reduction by formic acid H2PtCl6, RuCl3 XRD, EDX William and et 
al. 2002 

PtRu 2–3 nm Conducting polymer or 
Vulcan XC-72 60% 

 Reduction with LiBH4 in THF PtCl2 and RuCl3 XRD, TEM,  
SEM 

Choi and et al. 
2003 

PtRu 2–3 nm Carbonised colloidal 
silica 20% 

 Borohydride reduction  TEM Yu and et al. 
2002 

Pt3Ru 13.1 nm Mesoporous carbon 
micro beads 

 Liquid-phase reduction H2PtCl6 and RuCl3 SEM, XRD Liu and et al. 
2002 

PtRu 1.59 ±0.03 
nm 

Carbon nanotubes H2 reduction at 
5800C 

H2PtCl6 and RuCl3 SEM, TEM Che and et al. 
1998 

PtRu 2 nm Template carbonization 
of poly pyrrole 

 H2 reduction 
 at 550o C 

H2PtCl6 SEM, XPS, 
 HRTEM 

(Rajesh and et. al. 
2002). 

IMPREGNATION METHOD 

The impregnation method is characterized by a deposition step of Pt or other metal 
precursors followed by a reduction step. Deposition means soaking up of a dissolved 
metal precursor, e.g. PtCl6

2- into the pores of a support, e.g. Vulcan 72 carbon, before 
reduction of the metal precursor to metal nanoparticles.   

This method is simple and has 
been the most common method 
used for electrocatalyst 
preparation over the years. The 
reduction step can be chemical 
or electrochemical. The chemical 
reduction may be (liquid-phase 
reduction) (Park and et al. 2003) 
of the metallic catalysts slurry in 
solution by using reducing 
agents or gas-phase reduction of 
the metallic particles 
impregnated carbon using a 
flowing H2 gas stream at a 
rather high temperature of 
about 250–6000C (Arico and et 
al. 2004). The common reducing 
chemicals are hydrazine, 
borohydride, formic acid, and 
hydrogen. Borohydrides are 
mostly used for the reduction. 
In the case of hydrogen, 
temperature elevation to above 
3000C under an inert 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 113 

 

 

atmosphere is required. Control of the size and size distribution of particles depends on 
many factors. The morphology of the porous substrate and the pore size distribution will 
play a major role in terms of penetration and wetting of the precursor and also providing the 
confinement for nanoparticle growth. Reaction time and kinetics and mass-transfer of 
reducing agent will also affect the nucleation and growth of the nanoparticles. 

DRAWBACK OF IMPREGNATION METHOD 

The major drawback of the 
impregnation method is the 
lack of size control of metal 
particles except when the 
porous substrate has a 
narrow pore size 
distribution, e.g. in highly 
ordered mesoporous carbon. 
A distribution of particle 
sizes from nanometer to 
micron scale is commonly 
observed. Hydrogen can 
penetrate better into the 
micropores of the porous 
matrix. By the modification 
of surface of the support 
materials e.g. Vulcan 72 
carbon, the activity of 
platinum toward methanol 
oxidation can be improved, 
In literature  reports (Li and 
et al. 2005), it has been found 
that the composite of 
platinum with hydrogen 
molybdenum bronze 
(HxMoO3, 0 ≤ x ≤ 2) can 
improve significantly the 
activity of platinum toward 
methanol oxidation, and 
several Pt- HxMoO3 
composite electrocatalysts 
have been prepared for 

methanol oxidation with the aim at the improvement of electrocatalytic activity of platinum 
and the reduction of platinum amount. Xingde Xiang and co workers (Xiang and et al. 2010) 
have developed a new composite of platinum with HxMoO3 by dispersing platinum nano-
particles on the carbon modified with HxMoO3 and obtained a new electrocatalyst, dispersed 
platinum supported by hydrogen molybdenum bronze-modified carbon (Pt/HxMoO3-C), for 
methanol oxidation. The platinum supported with hydrogen molybdenum bronze-modified 
carbon exhibits better electrocatalytic activity toward methanol oxidation than the platinum 
supported with carbon without modification. The improved electrocatalytic activity is ascribed 
not only to the smaller particle size but also to the proton spillover effect between platinum and 
hydrogen molybdenum bronze. In addition to size, the shape of a nanocrystal may also provide 
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another useful parameter to control when one needs to tailor the electronic, optical, magnetic, 
or chemical properties of a solid material. 

COLLOIDAL METHOD  

It is the most common and powerful method to synthesize metal nanopartcles In this 
method metal colloids are taken in organic media then reduction of transition metal salt 
carried in the presence of stabilizing agent. The pt nanoparticles are synthesized using 
colloid techniques by the reduction of a platinum precursor (H2PtCl6) in alcohol in the 
presence of a polymer capping agent to prevent aggregation (Humphrey and et al. 2007, 

Zhang and et al. 2007). As the particles nucleate and grow they are kept with a polymer 
that is porous enough to allow growth to various sizes from 1 to 8 nm. The particle size 
can be controlled by the monomer concentration and with suitable changes of the growth 
parameters, it can be changed the shape of these particles from hexagonal to cubic, as well 
as to an intermediate shape called cuboctahedra, which is a cube with truncated vertices 
(Bratlie and et al. 2007)  because catalytic reactivity depends on the size and the shape of 
the nanoparticles. For this reason the colloidal method is widely used for synthesizing 
metal nanoparticles with various size control. In the presence of a protective agent, such as 
surfactant molecules, the metal precursor is chemically reduced or reacted to form metal 
nanoparticles. A narrow size distribution is achieved as the colloidal metal nanoparticles 
are stabilized either by steric hindrance or by electrostatic charges. Colloidal metals can 

form in the organic medium (organosols) or aqueous medium (hydrosols). In the case of 

adsorbed ions or charged colloids, protection from merging into larger particles is 
provided by the electrostatic repulsion of like charges. On the other hand, coating the 
metal core with organic chain molecules can provide steric stabilization. Examples of 
common protecting ligands include NR4

+, PPh3, PVP, and PVA. Recently, this popular 
method has been widely used and PVP was introduced to stabilize the Pt nanoparticles in 
solution by preventing the particles from aggregating. In the presence of PVP, the reaction 
between alcohol and the metal precursor occurs. By FTIR spectroscopy, Bock and 
MacDougall (Bock and MacDougall 2003 ) suggested that the colloidal metal nanoparticles 
may be protected by glycol, which serves as both a solvent and the protecting agent. The 
glycol can be removed by electro-oxidation during usage as an anode.  
The glycol colloidal process is very attractive for large-scale synthesis of metal 
nanoparticles and this type of solution syntheses of Pt particles yield monodisperse 
samples with tunable size and shape. Catalyst materials that are prepared by the 
combination of the proper support and monodisperse particles have unprecedented 
uniformity, which is difficult to achieve with conventional catalyst synthetic methods. The 
effect of metal nanoparticle size on catalytic activity is better understood than the 
influence of nanoparticle shape on catalytic activity, since size control of crystallites has 
generally been easier to achieve than shape control. 
Many studies on colloidal particles have focused on the control of particle sizes and their 
growth kinetics and have related particle size and catalytic activity. Moreover, research 
has shown that the degree of polymerization  and the concentration of the stabilizing 
polymer influence the size distribution, stability, and catalytic activity of colloidal 
particles. For example, a recent study has shown that a higher ratio of capping material to 
metal produces smaller metal particles. Recently, the morphologies of Pt colloidal particles 
were studied by means of ultraviolet-visible spectrophotometry and transmission electron 
microscopy (TEM) (Duff and et al. 1998). 
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Introduction of foreign ions during solution phase synthesis of metal nanoparticles is a 
major parameter for controlling particle shape. A study on morphology changes of noble 
metal nanoparticles (Ag, Pd, and Pt) by adding various foreign ions (Long and et al. 2010). 
It was observed that chloride ions and oxygen in the reaction mixture preferentially 
dissolved twinned particles initially formed during reduction and led to selective 
formation of single crystalline products such as truncated tetrahedra and cuboctahedra. In 
another study by Chen et al. (Chen and et al. 2004), trace amounts of iron chloride slowed 
the reduction of Pt(II) species, inducing optimal anisotropic growth condition during a 
polyol process to form agglomerates of single-crystalline Pt nanowires rather than small 
(<5 nm) Pt crystallites which formed without iron chloride. The addition of large amounts 
of NaNO3 to a Pt salt solution led to the formation of branched nanostructures due to 
platinum nitrate formation, which alters the reduction kinetics of Pt. Addition of silver 
ions in a polyol synthesis of Pt nanoparticles results in lower nucleation temperatures, 
which favor anisotropic growth to form Pt multipods. Although several foreign ions have 
been reported to substantially affect particle morphologies, the exact mechanism has not 
been determined.  It is thought that selective adsorption of the additive ion on one or more 
crystal surfaces changes the selective growth rate of crystal faces leading to the change of 
shape.  It was demonstrated the synthesis of Pt nanocrystals of well-defined shape (cubes, 
octahedra, and cuboctahedra) using the silver ions and poly (vinylpyrrolidone) (PVP) in 
solution (Song and et al. 2005).   
 However Pt nanoparticles of various sizes and shapes having the face-centered cubic 
structure are also synthesized by the alcohol reduction method. Alcohol also serves as 
both a solvent for dissolving metal precursors and surfactants and a reducing agent to 
produce Pt colloids.The synthesis of particulate pt metals by aqueous alcohol reduction of 
metal salts in the presence of polymeric stabilizer (or protector), in particular, has been 
reported to be an enabling technique toward a better control of the synthesized particle 
morphology and the aggregated structure. Hirai and co-workers (Hirai and et al. 1979) 
were the first to examine the catalytic activity and the formation mechanism of metal 
particles protected by polyvinyl alcohol or polyvinyl pyrrolidone (PVP) in methanol. Duff 
et al. (Duff et al. 1995) further confirmed that the aggregation of platinum particles was 
suppressed by a high [PVP]/[Pt] ratio which in turn facilitated the dispersion of platinum 
sols so that the particles with a more uniform morphology become attainable. Chen and 
Akashi (Chen and Akashi 1997) synthesized colloidal platinum nanoparticles that were 
protected by poly (N-isopropylacrylamide) in ethanol/water mixtures by the reduction of 
[PtCl6]2-. They reported that the protective polymer serves not only as a stabilizer, but also 
as a functional component conferring catalytic activity and selectivity. (Teranishi and et al. 
1999) further revealed that the mean diameter of monodispersed Pt nanoparticles can be 
controlled from 1.9 to 3.3 nm by adjusting the kind of alcohol and the PVP concentration 
used in the sol process. The size of Pt particles with an ascending order, i.e., 1-
propanol\ethanol\methanol, was found when various alcohols were used. This suggests 
that the reduction rate of [PtCl6]2- ions in solution is critically important to the synthesized 
Pt particles. In addition, the synthesized particle size was found to decrease linearly with 
the alcohol concentration over the [PVP]/[Pt] ratio range from 10 to 40.  
 Though the colloidal method can provide a narrow size distribution of metal 
nanoparticles, the major drawback is the presence of the protecting agent, which may also 
hinder the catalytic function of the nanoparticles. The organic protecting shell can be 
removed by washing in an appropriate solvent or by decomposition at elevated 
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temperature in an inert atmosphere. Before the removal of the protecting agent, 
adsorption into a protecting microporous catalyst support is necessary to prevent 
agglomeration into larger metal particles. 

MICROEMULSION METHOD  

By this method a better 
control of particle size, 
shape, size distribution, 
and chemical 
composition are 
possible, Although a 
number of techniques 
have been used for 
producing nanoparticles 
which include gas 
evaporation sol–gel 
methods sputtering and 
co-precipitation. It is 
well documented in the 
scientific and patent 
literature that combining 
a transition metal 
element with platinum 
gives enhanced catalytic 
activities for reactions 
such as oxygen 
reduction in fuel cells 
and direct oxidation of 
methanol. It is, however, 
difficult to control the 
size and size 
distribution, and gain a 
consistent nanoscopic 
chemical composition 
with these preparation 
techniques.  

 
Microemulsion is a tiny drop of precursor containing liquid engulfed by surfactant molecules. 
This microemulsion is uniformly dispersed in a continuous liquid phase, which is immiscible 
to the precursor containing liquid phase. The chemical reaction is confined within a 
microemulsion. The size of the microemulsion is of the order of a few nanometers to hundreds 
of nanometers and is determined by the balance of surface free energy mediated by the 
surfactant molecules and the free energy difference arising from the immiscibility of the two 
liquid phases. Normally, the dispersed liquid phase is oil and water forms the continuous 
medium. The reverse microemulsion is the water-in-oil microemulsion can be possible. A co-
surfactant is sometimes added to modify the size of the microemulsion. Supercritical carbon 
dioxide has also been used as the continuous medium for the microemulsion method and 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 117 

 

 

gives additional ease in separation of the nanoparticle from the medium. So the preparation of 
nanoparticles with water-in-oil (w/o) microemulsion has attracted increasing attention but 
systematic investigation is warranted  (Ohde and et al. 2001). It has reported an alternative 
route to synthesize dodecanethiol-stabilized Pt NPs, with narrow and controllable size 

distribution, by a two-phase route by (Castro and et al. 2009). The synthesis was based on a 

phase-transfer (water to toluene) of [PtCl6]2- followed by reduction and surface protection with 
dodecanethiol (DT). Since chemical steps are conducted within the microemulsion, which 
serves as a micro- or nano-scale reactor, a narrow particle size distribution can be obtained 
accordingly. The introduction of a reducing agent, e.g. hydrazine, into the miroemulsion is 
achieved by stirring and the reaction time is in the order of minutes. The size and distribution 
of the nanoparticle can be further controlled and improved by a two-microemulsion method 

with the reducing agent also confined in a separate emulsion. The two 

microemulsion technique has been applied to synthesize mixed metal nanoparticles of Pt–Co 
and Pt–Ru (Zhang and Chan 2002). The final composition of the mixed metal nanoparticles has 
been easily controlled by the ratio of the metal precursors solutions. Various parameters that 
control the size of particles in the microemulsion method such as water to surfactant ratio, the 
amount of surfactants, the concentration of precursor solution and temperature etc. After the 
reduction step, nanoparticles are protected from agglomeration by the surfactant molecules. 
Similarly to the colloidal method where protecting agents are used, they should be adsorbed 
onto a porous support before the surfactant molecules are removed. Nevertheless, the 
microemulsion method requires the use of costly surfactant molecules with extra washing 
steps and may not be economical for a large-scale synthesis. 

EFFECT OF TEMPERATURE ON NANOPARTICLE’S SIZE 

The nanoparticle size is one of the important factors to control the unique properties of 
nanomaterials. Usually, the smaller the nanoparticle size is, the more prominent the unique 
properties are. Therefore, people attempt to control the size of nanoparticles as small as 
possible in sample preparation. However, the nanoparticle size depends not only on the 
sample preparation, but also on the applied environment of nanomaterials  including 
temperature and even radiation (Kluth and et al. 2006). It is well known that the nanoparticle 
size will become larger with temperature increasing for most free nanomaterials. 

CONCLUSION AND OUTLOOK 

Platinum stands as one of the most important metals for several industrial applications. 
We have reviewed the chemical synthesis process of platinum nanoparticles from the last 
decade. In the past few years, considerable progress has been made in the synthesis of 
monodisperse and well-defined structured pt nanoparticles with sizes ranging from 1.2 to 
several nm. From the work detailed in this review, it is clear that the chemical method is 
relatively easy and inexpensive, by microemulsion process pt nanoparticles with better 
control of particle size, shape, size distribution, and chemical composition can be produce. 
The outlook of such platinum nanoparticles is very promising because these materials will 
find many important applications including as a catalyst in Fuel cell, Bio sensor,etc.In fuel 
cell platinum nanoparticles are used in reformers for the production of hydrogen from 
solid, liquid, or gaseous energy carriers. 
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ABSTRACT 

Current climate variability is already imposing significant 
challenge to Ethiopia. Therefore,  farmers  have  faced  income  
variability  in  almost  every  production  season. Problems 
associated with dependence on rain fed agriculture are 
common in Ethiopia. Smallholder farmers‘ vulnerability from 
such income variability is also common. Over the years, a 
range of risk management strategies have been used to 
reduce, or to assist farmers to absorb, some of these risks. 
Since insurance is potentially an important instrument to 
transfer part of the risk, this study try to describe the nature of 
weather related risks faced by smallholder farmers, assess 
small holder farmers willingness to pay for the rainfall risk 
insurance and examine factors that affect the maximum 
farmers are willing to pay for the rainfall risk insurance. The 
data was collected from 161 sample households from the two 
woredas of the study area using closed ended value elicitation 
format followed by open ended follow up questions. The 
study uses Logit model to estimate the mean willingness to 
pay in the close ended format in addition with Tobit model to 
examine factors that affecting small holder farmer willingness 
to pay as well as intensity of payment. The mean willingness 
to pay values are found to be 129.98 and 183.41 birr per 
hectare for the open and close ended formats respectively. 
The total willingness to pay for the study area was found to be 
birr 5,740,244 per year. The tobit model shows six potential 
explanatory variables affect the willingness to pay value. 
Income of household and ownership of radio have positive 
and significant effect on the value of willingness to pay, whereas off-farm income, age of household 
head, number of livestock owning and availability of public and private gifts have negative and 
significant effect on willingness to pay value. If the rainfall risk insurance premium is affordable and 
households have enough information about the service they are willing to pay for the service. 
Eventually policy makers need to be aware that socio-economic and institutional characteristics of 
households influence the willingness to pay for rainfall risk insurance services. 
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INTRODUCTION 

Background 
Agricultural producers around the world are exposed to a variety of income uncertainties, 
both market related, such as price variations, as well as non-market related, such as 
unstable weather patterns. It is well known that such uncertainties induce substantial 
income risks, and these can be particularly detrimental to small and/or poor producers in 
developing countries (Sarris, 2002). 
A number of countries in Africa already face various challenges due to climate variability 
and recognize that adaptation is not an option but a necessity (Thornton et al., 2006). It is also 
well known that farmers have developed several ways for dealing with the various risks 
they face. Because climate change is expected to adversely affect agricultural production 
which remains to be the main source of income for most countries (Bryan et al., 2009). 
A large array of adaptation practice is available to improve the resilience of smallholder 
agricultural system to uncertain future impact of climate change. Over the years, a range 
of risk management strategies have been used to reduce, or to assist farmers to absorb, 
some of these risks. These strategies include on-farm measures such as diversification or 
selecting less risky production methods, as well as strategies for sharing risk with others. 
Risk management strategies in which risks are shared with others include, among others, 
farm financing, share-cropping, price pooling arrangements, forward contracting of farm 
products, and hedging on future markets. Also insurance is potentially an important 
instrument to transfer part of the risks (Anderson, 2001). 
Insurance markets are growing rapidly in the developing world, as part of this growth; 
innovative new products allow individual smallholder farmers to hedge against 
agricultural risks, such as drought, disease and commodity price fluctuations (World 
Bank, 2005). These financial innovations hold significant promise for rural households. 
Shocks to agricultural income, such as a drought-induced harvest failure, generate 
movements in consumption for households who are not perfectly insured, and at the 
extreme, may lead to famine or death. 
Interest in developing catastrophic weather insurance products for rural dwellers in 
developing countries has grown radically in recent years. This interest has been fueled by 
the successful introduction of new products for the management of systematic risks to 
international financial markets in the recent years. Rainfall-based index insurance 
products for agriculture represent an attractive alternative for managing weather risk 
(Hellmuth et al., 2009). These products include catastrophic bonds and area yield crop 
insurance options, and their success suggests that it may be possible to package 
catastrophic weather and natural event risks facing developing countries and reallocate 
them to international markets in a cost efficient manner, bringing affordable risk 
management services to rural dwellers in agriculture dependent countries (Skees, 2001). 
The demand for such insurance particularly in developing countries has been increasing 
over time, as a result of unpredictable weather conditions. In case of Ethiopia the impact 
that climate variability has on predominantly rain-fed agrarian economies is clearly 
demonstrated. Current climate variability is already imposing significant challenge to 
Ethiopia by affecting food security, water and energy supply, poverty reduction and 
sustainable development efforts, as well as by causing natural resource degradation and 
natural disasters. In response, the national adaptation program of action (NAPA) for 
Ethiopia has been prepared and the basic approach to NAPA preparation was along with 
the sustainable development goals and objective of the country where it has recognized 
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necessity of addressing environmental issues and natural resource management with the 
participation of stakeholders (MoWR, 2007). 
Agriculture, as in many other developing countries, is the mainstay of Ethiopian economy. 
Nearly 85% of the population earns its livelihoods and contributing over 43% of the GDP 
(Gross Domestic Product), about 90% of the foreign exchange earnings, a further 10% earn 
their living from livestock (CSA 2004) which is almost entirely small-scale and rain-fed. 
Both farmers and pastoralists are highly dependent on the climate for their livelihoods 
(World Bank, 2000). Ethiopia has recognized climate change as an important issue and 
attempts are being made to incorporate potential response measures for reducing impact 
of climate change in to over all development planning process. One important constraint 
that emerged as a result of stakeholder consultative meetings is the extreme need for 
agricultural rainfall risk insurance. It is believed that agricultural rainfall based insurance 
is seen as one of the strategies to minimize risk and capitalize on opportunities associated 
with the variable climatic conditions. 
The high covariance of climatic risks, coupled with the lack of property to be attached as 
collateral, makes it difficult for cooperatives, microfinance organizations, or banks to 
provide financial services to smallholder farmers unless they have insurance/reinsurance 
against weather risk. These conditions in turn keep farming at a subsistence level. 
According to Stern (2007), adaptation to climate change and variability will be crucial in 
reducing vulnerability and is the only way to cope with the impacts that are inevitable 
over the next few decades. This research is therefore an attempt to look in to the possibility 
of rainfall based insurance existence in Ethiopia. 
 
Statement of the Problem 
The farming community on the globe in general and that of the least developed countries 
in particular is considered to have a risk aversion attitude (Anderson et al., 1977; Dillon 
and Hardaker, 1993). Hardaker et al., (1997) and Binswanger, (1980) have also argued that 
most smallholder farmers avers to risk-by and large, they are too poor to be otherwise. 
Better decisions in risky world can always be made if information about more productive 
technology option, marketing opportunities and marketing trends are available. But 
almost all small scale farmers in the globe avers to risk because they are poor (Hardaker et 
al., 1997), which holds true for the farming community in Ethiopian central rift valley. This 
is because of the erratic rainfall in the area. Furthermore, weather related agricultural 
production shocks also conspire to keep smallholders within the poverty trap, preventing 
the country from reaching its productive potential in the agricultural field (Hess and 
Syroka, 2005). Agriculture is often carried out in open air, and always entails the 
management of inherently variable living plants and animals which are especially exposed 
to risk. Production risk comes from the unpredictable nature of the weather (Hardaker et 
al., 1997). And it is probably fair to claim that farmers in developing countries are exposed 
to most types of risk, and the low-income farmers, especially in semi-arid areas are the 
most exposed (Hazell 1992). 
Ethiopia is among famine-prone countries in Africa and has a long history of famine and 
food shortage that can be traced back to 250 BC (Assefa and Ramakrishna, 2002). More 
than half of the food insecure African population lives in Ethiopia, Chad, Zaire, Uganda, 
Zambia and Somalia and the food insecure population in Ethiopia is estimated to be 
around 40-50 percent of the total population (Assefa and Ramakrishna, 2002). . 
Therefore, farmers have faced income variability in almost every production season. 
Problems associated with dependence on rain fed agriculture are common in Ethiopia; 
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repeated famine, crop failure, human and livestock loss are among the indicators (Assefa 
and Ramakrishna, 2002). Smallholder farmers‘ vulnerability from such income variability 
is also common in Ethiopian central rift valley and the two woredas of the study area, 
Dugda and Mieso. One major constraint to initialize the opportunity to operational risk-
covering mechanisms like rainfall crop/input insurance in Ethiopia is absence of public 
and/or private institutions. In order to exploit the advantage associated with good rainfall 
seasons, risk financing institutions need to be encouraged to develop operational risk 
insurance schemes in the marginal rainfall areas. 
This study tries to identify willingness to pay for rainfall based insurance by smallholder 
farmers in central rift valley of Ethiopia. The main issues and problems that need to be 
researched and analyzed in this study are: to investigate whether smallholder farmers are 
willing to pay for rainfall based insurance and identify factors that determine their 
maximum willingness to pay for the rainfall based insurance as well as explore the 
existing risk insuring mechanisms commonly used by small holder farmers. This study 
was, therefore, initiated to fill the current information gap and awareness on the subject. 
 
Objectives of the Study 
The objectives of the study are; 

 To describe the nature of risks faced by small holder farmers in the study area;  

 To assess the willingness to pay for rainfall based insurance by small holder farmers 
in the study area;  

 To examine factors that affect the maximum farmers are willing to pay for rainfall 
based insurance in the study area.  

 
Significance of the Study  
The National development plan of the country is based on a strategy called Agricultural 
Development Led-Industrialization (ADLI), and aims at changing the country‘s 
subsistence or traditional agricultural to commercial or market oriented one, which in turn 
will increase the demand for goods and services and further lead to industrial 
development. The Government strategy is aimed at reducing country‘s dependency on 
food aid. To achieve the intended goals within a short period of time, understanding 
smallholder farmers‘ participation as well as their willingness to pay for rainfall based 
insurance will be vital. Reducing the vulnerability of rainfall dependent communities to 
climate change requires building of local institutions to support better adaptation 
practices where vulnerability is usually more clearly expressed. 
This research looks also in to the willingness to pay for rainfall-index based insurance 
contracts that can promote more efficient program of actions in reducing problems of 
imperfect information in mitigating farmers‘ risks in Ethiopia. Therefore, identifying 
smallholder farmer‘s willingness to pay for rainfall based insurance is expected to be 
useful for policy makers in providing good information, for decision makers to make 
informed choices on where and how to intervene and funding agencies, involved in the 
development and promotion of weather based insurance. Even though the study was 
conducted in the Central rift valley of Ethiopia, the result can be applicable to other parts 
of the country which have almost similar climate condition. The outcome of this study is 
also expected to be useful for governmental and non governmental institutions who are 
involved in the weather based insurance service. 
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Scope and Limitation of the Study 
The scope of this study covers assessing willingness to pay for rainfall based insurance 
and examining socio-economic and institutional factors that significantly affect the amount 
of money farmers are willing to pay for rainfall based insurance. The proposed research is 
confined only to two woredas of the central rift valley, which can somehow represent 
other woredas of the Central rift valley of Ethiopia this is because of resource constraint to 
undertake the study at broader level. In addition, the data collected for 2010 are a onetime 
data this might not be enough to generate adequate information because there are many 
variables which could be potentially changed from one survey time to the other survey 
time. As the research uses contingent valuation method (CVM) the study is subject to all 
limitations associations with the method however, efforts have been made to minimize the 
limitations of the methodology. 
 
Organization of the Study 
The study is organized in five chapters. Chapter one deals with background, problem 
statement, objectives, scope and significance of the study. And the remaining chapter, two 
and three deal with review of theoretical and empirical literature related to weather 
related insurance (rainfall) and the research methodologies, respectively. Chapter four 
presents results and discussion of the study. Finally chapter five summarizes the finding 
of the study and gives policy implication and recommendation. 

REVIEW OF LITERATURE  

Definitions and Concepts  
One common distinction between risk and uncertainty is to suggest that risk is imperfect 
knowledge where the probabilities of the possible outcomes are known, and uncertainty 
exists when these probabilities are not known but the distinction of what risk and 
uncertainty for the farmers is theoretically and practically not clearly defined (Hardaker et 
al., 1997). Risk is everywhere and is substantially unavoidable. It is often said that, in 
business, profit is the reward for the risk bearing, no risk, no gain 
According to (Hazall et al., 2010), Risks can be characterized according to a number of 
elements, including: Covariance; the degree to which they are correlated across 
households within a community or region, ranging from independent (affecting one 
person) to highly covariate (affecting everyone at the same time); Frequency; How often 
they occur; Types and severity of losses incurred; Shortfalls in seasonal production and 
income, damage to assets and loss of life. 
 
Risks in Agriculture 
Agricultural production is a risky business. Farmers have faced a variety of price, yield 
and resource risks that make their incomes unstable and unpredictable from year to year. 
The friction due to risk may also contribute to a lag in agricultural incomes relative to 
those in other sectors of the economy. The people who need to concern themselves with 
risk in agriculture include farmers, farm advisors, and commercial firms selling to or 
buying from farmers, agricultural research workers, policy makers and planers. According 
to (Holden et al., 1991) the greatest risks to family welfare in agriculture are centered in 
rural areas, which specialize in annual food crops but which are marginal to the 
production of those commodities, it is poverty and even worse alternatives which bring 
about such production emphasis. Such strategies are doubly risky because they are often 
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unsustainable environmentally. In such area, fluctuation in weather and production are 
around the critical margin of profitability which in the case of poor countries and people 
means at the margin of existence. 
 
Rainfall Based Insurance 
The concept of index-based insurance is not new. Proposals for this type of insurance were 
first articulated by Halcrow (1948) and Dandekar (1977). The Australian Government 
commissioned a feasibility study of rainfall insurance in the mid-1980s, but decided not to 
pursue it (IAC, 1986). Index-based insurance is a financial product linked to an index 
highly correlated to local yields. Contracts are written against specific perils or events (e.g. 
area yield loss, drought, hurricane, flood) that are defined and recorded at regional levels 
(e.g. at a local weather station). Indemnifications are triggered by pre-specified patterns of 
the index, as opposed to actual yields (Hazell et al., 2010). 
Research carried out through the International Crops Research Institutes for the Semi-arid 
Tropics - Village Level Studies (ICRISAT VLS) suggested that rainfall lotteries are better 
than the crop insurance schemes to diminish rural household income variability in a cost-
effective manner in rain fed areas of India (Walker and Ryan, 1990). There would be a fair 
betting system and would be open to all households in the village. For instance, if landless 
labor households felt the demand for their labor was markedly reduced in low rainfall 
years, they could hedge their future labor income by purchasing tickets on the lowest or 
what they perceive to be the most adverse rainfall event. 
Identifying weather risk for an agricultural producer involves defining the time period 
during which risk is prevalent, and identifying a measurable weather index that is 
strongly correlated to farmers losses on a particular crop. This is the most critical process 
in designing a weather risk management strategy. A weather index can be constructed 
using any combination of measurable weather variables, over any period of time and any 
number of weather stations (Walker and Ryan, 1990). 
Problems with fixing insurance premium: three type of problems related to insurance 

premium are; adverse selection, covariate risk and moral hazard. 
adverse selection: This occurs when potential borrowers or insures have hidden 

information about their risk exposure that is not available to the lender or insurer, which 
then becomes more likely to erroneously assess the risk of the borrower or insure. 
Covariate risk: Risk that can affect large numbers of people at one time (e.g. widespread 

drought, flooding, earthquake). 
Moral hazard: This occurs when individuals engage in hidden activities that increase their 
exposure to risk as a result of borrowing or purchasing insurance. These hidden activities 
can leave the lender or insurer exposed to higher levels of risk than had been anticipated 
when interest or premium rates were established. 
 
The Rural Poor and Risk Coping Strategies 
Siegel and Alwang (1999) developed taxonomy of risk-coping strategies for rural households 
facing risk. However, many strategies are unavailable or prove ineffective for the poor, 
especially when the risks are covariate. Households living on very low incomes and limited 
wealth become highly risk averse. Since even a small disruption in income flows can have 
devastating effects, such risk aversion retards the development process by limiting 
household incentives to adopt productivity-enhancing technologies and to specialize in 
activities where comparative advantages exist. Such risks also affect the credit-worthiness of 
rural households and constrain credit markets. Farmers, who are more risk averse with 
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respect to losses, would be more likely to participate in crop and rainfall insurance programs 
and would be willing to pay higher premiums and individuals would include insurance in 
their risk management strategies if the insurance premium were less than the cost of other 
risk responses having the same effect (Patrick, 1988). 
 
Demand for Weather Based Insurance in Developing Countries 
Weather index-based insurance was being discussed in academic papers as an alternative 
solution for developing agricultural economies in developing countries. In 2002, donors 
began to finance the piloting of these ideas. In particular, the World Bank‘s Commodity 
Risk Management Group (CRMG) allocated trust funds from the Swiss and the Dutch 
governments to pilot weather insurance for farmers to complement its price risk 
management work in commodity markets. 
Commodity Risk Management Group (CRMG) has been involved in many weather risk 
management technical assistance projects to commercial entities in the developing world. 
CRMG was involved in its first index-based weather risk management transaction in India 
in June 2003, the first-ever weather insurance project in the country. Since 2003 there have 
been several other pilots around the world, including completed pilots in Ukraine, 
Ethiopia, and Malawi, and upcoming pilots in Kenya, Tanzania, Thailand and Central 
America. Successes like the market growth in India have had significant demonstration 
effects and have proven that weather risk management for farmers in the developing 
world is possible through insurance -type instruments (World Bank, 2007). 
 
Traditional Crop Insurance versus Weather Index Insurance 
Traditional multiple-peril crop insurance that indemnifies losses on individual farm basis 
is subject to high administrative costs in order to overcome the problems of adverse 
selection and moral hazard. It also requires significant investment in monitoring farm 
yields to prevent both higher losses than the initial rating and serious actuarial problems. 
Furthermore, multiple-peril crop insurance has large correlated risks, so it requires the 
extra cost of providing reinsurance. These extra costs can be quite high in an emerging 
economy with little or no experience in providing insurance of this type. These conditions 
mean that traditional multiple-peril crop insurance is not a workable solution for most of 
agriculture in developing countries (Hess and Syroka, 2005). One form of agricultural 
insurance that mitigates these added costs is weather insurance. Payout is determined by 
an objective parameter such as millimeters of rain, soil moisture, etc. Weather index 
insurance was found to be well suited to the agricultural production in regions in Ukraine 
where there are wide spread crop losses due to drought and frost (Hess and Syroka, 2005). 
The monitoring costs of weather insurance are less as there is no need to perform farm-
level loss adjustments and the balance of information about the weather is equally shared 
by the insured and the insurer (unlike with traditional farm-level insurance where the 
farmer will always know more about the yield than the insurer). Thus, weather insurance 
could be a preferred alternative to crop insurance, as it avoids moral hazard problems and 
high administrative costs. Furthermore, the reinsurer is more likely to provide better terms 
when the insurance is based upon weather events and not farm-level losses. 
 
Standard Approach to Develop a Weather Insurance Pilot 
The World Bank (2007) has drawn some lessons from its work and begun to develop a 
standardized approach to pilot implementation as well as contract design. While this 
approach is still evolving, there are seven basic components of pilot program implemen-
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tation that need to be undertaken in order to develop a product that is not only technically 
sound but is demanded and can be afforded by clients: 

 Identify potential pilot areas and carry out a basic risk assessment,  

 Identify delivery channels for reaching the end users,  

 Design contracts,  

 Determine the marketability of the products,  

 Finalize contracts and insurance,  

 Market the product, and  

 Monitoring the pilot.  
 
 Methods of Valuation 
The farmer‘s decision to purchase rainfall insurance and the maximum premium he/she is 
willing to pay can be considered in the framework of maximizing net benefits from non-
market goods and services. The principles that non-market goods and services are not 
efficiently allocated by the market suggests the possibility of improvement in 
measurements of benefit and costs. 
According to Freeman (2003), the widely used methods of valuation of some non-market 
goods and services are revealed and stated preference methods. Revealed preference 
methods are based on the actual behavior reflecting utility maximization subject to 
constraint. 
 
Revealed preference method 
Revealed preference methods are based on the actual behavior reflecting utility 
maximization subject to constraint. One type of the revealed preference method is based 
on the observed choices in a referendum way. If an individual is offering a fixed quantity 
of a good price on a take it or leave it or yes or no basis, observation of the choice reveals 
only whether the value of the offered to the individual was greater than or less than the 
offered price. The other methods for valuation of non-market goods under revealed 
preference techniques are the Hedonic Price Method (HPM) or Property Value Method, 
where the change in the environmental amenity is reflected in the value attached to the 
amenity and Travel Cost Approach (TCA) where it mostly used to capture the recreation 
value of sites, such as national parks and sanctuaries. The travel cost approach is applied 
to determine the influence of various socioeconomic characteristics and the nature of 
demand for recreation site (Marothia, 2001). However, revealed preference models can not 
measure existence value or option value. So, firstly they cannot measure total economic 
value (TEV) and secondly while RP models measure the household‘s WTP, one cannot be 
sure that the price captures all the effects. 
 
Stated preference method 
Stated Preference Method uses a direct approach to elicit willingness to pay, this method 
involved asking people directly about the values they place on non-market services by 
creating in effect, a hypothetical market (Freeman, 2003). Among the frequently used 
methods of stated preference, the Choice Modeling and Contingent Valuation Method 
(CVM) are the commonly used ones Choice Modeling do not ask questions directly; 
instead they ask people to rank alternatives, whereas, CVM is used when market do not 
exist for environmental resources by asking questions directly (Mitchle and Carson, 1989; 
Hausman, 1993). 
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The valuation is done based on hypothetical or non-existing market. The valuation task is 
therefore, to determine how much better or worse off individuals will be as a result of 
change in non-market goods. Among the commonly used methods of the stated 
preference contingent valuation method is widely used. 
 
Contingent valuation method 
Contingent valuation method as one of the stated preference methods, is basically uses a 
survey based approach. The decision to use willingness to pay (WTP) or willingness to 
accept (WTA) depends on, among other things, individuals‘ perception as to who has the 
property right over their source in question (Carson et al., 2001). This is computed by 
asking how much people are willing to pay for a non-market goods (WTP) or how much 
they are willing to give up having a specified non-market goods quality improvement 
happen (Freeman, 2003). When market data are unavailable or unreliable, economists can 
use alternative estimation methods that rely on hypothetical market conditions. Such 
methods typically use surveys to inquire about individuals‘ willingness to pay (WTP) for 
some environmental policy initiative. This survey approach to benefit estimation is known 
as the contingent valuation method (CVM) because the results are dependent up on the 
hypothetical market devised. In general, CVM helps researchers to capture the total value 
of the good both use and non-use values and its flexibility facilitate valuation of a wide 
range of non-marketed goods. As a result, this method is becoming the most preferred 
valuation method at present. The major problems with this approach have largely to do 
with the specification of the ―scenario‖ or the ―benchmark‖ against which the agent is 
supposed to compare the current situation, and express a monetary value for what it is 
worth to him/her to move to the new situation, or avoid a bad one 
There are number of different elicitation methods used in CVM. Dichotomous and open 
ended are among the methods used for obtaining the WTP. The open ended question asks 
the respondent how much he or she is willing to pay for given change in the status quo. 
This means individuals are asked for their maximum willingness to pay with no value 
being suggested to them. The other method is dichotomous choice question whereby a 
respondent is asked if he or she is willing to pay a specific amount of money for a pre 
specified change (Bateman et al., 2000) 
The use of specified format has got the advantage over the open-ended format question in 
eliciting WTP because of the simplicity for respondents and reduced incentives for 
strategic responses (Bateman et al., 2000). In the dichotomous method, if the first bid given 
to the respondent is accepted, a second somewhat higher offer price is made. If the first 
bid is refused, the second bid price offers is somewhat lower, the bid levels offered in the 
follow up question will be greater than that offered in the initial payment if the answer to 
the initial payment question is ―yes‖ and vice v ersa. Finally the dichotomous choice 
question is followed by an open-ended follow up question (Alberini and Cooper, 2000). 
Biases in CVM: criticism on CVM is, since individuals are being given a hypothetical 
market their responses could be far from reality. Thus there will be biases, which can 
systematically understate or overstate true values. There are a number of types of biases 
indicated, some of them are: 
Strategic Bias: This occurs when the respondent tries to understate or overstate the bid 

value so as to influence the outcome. For instance, if the CVM requires payment of a tax 
the respondent may strategically understate the bid value to influence the outcome. Using 
the take-it-or-leave it method, Mitchell and Carson (1989) suggests that, deleting protest 
bids and remove all outliers are the ways to tackle this bias. 
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Hypothetical Bias: This arises due to the hypothetical nature of the market in CVM 

surveys which can render respondents‘ answers meaningless if their declared intentions 
cannot be taken as accurate guides of their actual behavior. Experimental trials suggest 
that this problem is less when one uses WTP format instead of WTA format. 
Information Bias: The quality of information given in a hypothetical market scenario 

almost certainly affects the responses in a CVM Survey. Inadequate or improper 
presentation of information on the good or service to be valued can bias the quality of the 
CVM study. Besides by making respondents feel that the hypothetical market is realistic, 
and avoiding WTA format can remove information bias. 
Starting Point Bias: The suggestion of an initial starting point in a bidding game can 

significantly influence the final bid. For example choosing a low (high) starting point leads 
to a low (high) mean WTP. 
Interviewer and Respondent Bias: The interviewer‘s conduct and interviews can 

influence responses. Though this kind of bias can be minimized by using mail or 
telephone surveys, this will result in less information forthcoming and also give rise to 
hypothetical bias. Respondents may not give correct answers or give the questions proper 
consideration. Therefore, to minimize this problem, professional interviewers should be 
used or well trained interviewers to reduce this type of bias. 
 
Willingness to pay (WTP) and willingness to accept (WTA) 
Willingness to pay and willingness to accept are two methods for elicitation of values. 
WTP is the amount that must be taken away from the person‘s income while keeping his 
utility constant in the same manner, WTA for a good is defined as the amount of money 
that must be given to an individual experiencing deterioration in environmental quality to 
keep his utility constant. The decision to use willingness to pay (WTP) or willingness to 
accept (WTA) depends on, among other things, individuals‘ perception as to who has the 
property right over their source in question (Carson et al., 2001). This is computed by 
asking how much people are willing to pay for a non-market goods (WTP) or how much 
they are willing to give up having a specified non-market goods quality improvement 
happen (Freeman, 2003). 
In theory, when WTP is a small fraction of income, WTP and WTA for a given commodity 
should be approximately equal. However, a number of CV studies have found that WTA 
is often much larger than WTP for the same commodity. One explanation is that the 
difference between WTP and WTA depends on the elasticity of substitution between the 
commodity to be valued (a public good) and private substitutes. The lower the elasticity, 
the fewer will be the available substitutes and the greater the difference between WTP and 
WTA (Hanemann, 1991). 
Another explanation - the theory of prospects - is that individuals value losses more 
heavily than gains. It is also possible that individuals react to their perception of who has 
the property rights over the commodity in question. If the proposed policy contradicts 
their perception of the existing property rights, individuals might express their rejection of 
the scenario through high WTA values. Carson (1991), suggests that WTP should be used 
whenever the individual might incur benefits from the proposed policy, and Mitchell and 
Carson (1989), offer ways to frame the payment question to elicit WTP. 
However, even when the individual might incur benefits from the proposed policy, there 
are some scenarios under which the respondent may not overstate WTA values (Cooper 
and Osborn, 1998). Moreover problem with direct WTP studies involves the fact that 
reported values are likely to be influenced by recent experiences. For instance, farmers are 
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more likely to express high demand for drought insurance if weather in recent periods has 
been adverse. There are also several technical issues concerning the method of deriving 
the WTP from either direct expression of values, or contingent rankings of alternative 
choices, but these seem to have been largely resolved (Hanemann and Kanninen, 1998). 
 
Empirical Studies on Demand for Agricultural Insurance 
The review presented in this section shows the logical reasons forwarded by different 
researchers about the demand for agricultural insurance by farm households, factors 
including socio-cultural, economical and institutional. There are very few studies relevant 
to agricultural insurance that use the CV approach. Patrick (1988), analyzed producers‘ 
demand for a multiple peril crop insurance (MPCI) program with indemnities based on 
actual yields, and a rainfall insurance program with indemnities based on area rainfall. 
Tobit regression analysis was used to estimate responses utilizing information from the 
participants and non-participants in the hypothetical programs. He found that expected 
wheat yield had a negative effect on the premium, and suggesting that an area crop 
insurance program might encounter difficulties of adverse selection. Area in wheat had 
positive relation to premium paid for crop insurance whereas age has negative relation to 
premium paid for crop insurance. Farmers who are legume producers and those who are 
averse to risk would be willing to pay higher crop insurance premium. 
The finding of this study is showed that the participation in the crop and area rainfall 
insurance programs would be limited. One quarter of the producers would participate in the 
crop insurance program and over one half would not participate in the rainfall insurance 
program. Twenty percent or less of the producers would be willing to pay the estimated full 
costs of the insurance programs and the author suggests very limited potential for 
commercial establishment for programs under current circumstances of drought assistance. 
In developing country context, the study by McCarthy (2003) found considerable demand 
for weather-based wheat insurance in Morocco farmers. The indirect methods of estimating 
WTP involve first the specification of a model of the random income or other variable of 
direct relevance to the farmer‘s welfare (e.g. consumption), the information from formal 
sources e.g. radio, television in fact has a negative impact on demand, indicating that those 
who keep better informed of rainfall at the station are less likely to prefer any insurance 
counteract. The result showed that explanatory variables had ambiguous impacts differed 
both quantitative and qualitative across and within the region. The author concluded that 
demand for insurance, however, appears to be quite distinct across the different areas, which 
indicates the need for larger data sets to satisfactorily estimate the determinants of the 
willingness to pay. The author also expresses the WTP as the amount of money that would 
equate the expected utilities of the relevant variable with and without the insurance. This 
amount of money (the premium) is then estimated for objectively estimated values of the 
risks with and without the insurance, and for a range of relevant utilities, or relevant 
parameters (such as degrees of risk aversion) from a given class of utilities. 
The study by Gautam et al. (1994), where the farm household‘s behavior is assumed to be 
described by the maximization of the expected value of inter temporal utility function. 
The production, saving, labor allocation, diversification, borrowing, and insurance 
decisions are assumed to be endogenous. The equilibrium conditions of the optimization 
problem are manipulated to infer the production and diversification decisions of the 
household as functions of both standard variables as well as a variable that measures the 
relative preference of the household for risky versus non-risky income. 
The same approach is essentially followed by Sakurai and Reardon (1997), who utilized 
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panel data for Burkina Faso. The additional feature of this study is that the researchers 
regress their estimates of farm level demands for drought insurance on a set of variables, 
so as to identify variables that increase or decrease such demand. They found as expected, 
that the demand for drought insurance depends on the perceived probabilities of 
droughts, and is higher for regions with higher such probabilities. They also found that 
variables such as the size of cultivated area, and the age of household head significantly 
affect positively the demand for insurance, while the amount of off-farm income, the 
availability of public aid and private gifts, and the size of household significantly affect 
negatively the demand for insurance. 
 
Experience of Ethiopia 
In recent years Nyala insurance has provided two types of crop insurance: multiple-peril 
crop insurance (MPCI) and index-based weather insurance, each designed to meet the 
needs of different farmers. Nyala‘s MPCI is a double-trigger scheme that insures farmers 
against a number of different shocks both natural and human caused that affect crop 
yields, including shortages of rainfall, excess rainfall, fire, and transit risks. Because MPCI 
insures against a number of perils, it is better suited to farmers who face a number of 
sources of risk to crop yields than it is to farmers whose predominant source of risk is 
rainfall variability. Since 2009, Nyala Insurance Corporation introduces and sells weather 
index insurance through farmer cooperatives, taking advantage of low-cost automatic 
weather stations owned by the National Meteorological Agency (Hazell 2010) this is 
specifically to protect smallholder farmers against weather risk. This product was 
provided in cooperation with Oxfam-America, mainly using satellite data and a weather 
index product was designed in collaboration with the World Food Program around the 
rainfall requirements of different crops. Currently, Nyala insurance has found that 
farmers‘ unions serve as effective delivery channels for the weather insurance products. 

RESEARCH METHODOLOGY  

Description of the Study Area  
This study is under taken Dugda and Mieso woredas. These woredas are among the central 
rift valley woredas of Ethiopia. Dugda woreda is located in eastern Shoa zone of Oromia 
region. Dugda woreda, the capital is Meki, is located about 175km south of Addis Ababa. It 
has a total population of 144,849 (CSA, 2008). The altitude ranges from 1610-2020 m. a. s .l. 
Because of its location in semi-arid type of ago-ecology, the woreda has a bimodal and 
erratic type of rainfall with high variation between and within years. The woreda has a 
total of 36 Peasant Associations (PAs). 
Crop-livestock mixed farming system characterizes agriculture in the woreda. Cattle, goats, 
sheep and chickens are important livestock species reared by farmers. Maize, teff, wheat 
and haricot bean are major crops grown by farmers. Besides cereals and pulses farmers in 
the woreda produce significant amount of horticultural crops particularly vegetables. 
Onion, tomato, pepper and cabbage are the most widely grown vegetable crops 
Meiso Woreda is located 300km east of Addis Ababa, and at about 200 km east of Adama 
town. It is located west and is one of Somalia region woredas in Oromia where agro 
pastoral farming system is practiced. The woreda has a total number of 37 rural kebeles and 
four town dwellers‘ associations. The total human population of the woreda is estimated at 
145,775, and is composed of 22,012 agricultural rural households and 6785 urban 
households. The total rural population is 115,568, out of which 58,612 (51%) are males. Of 
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the total rural households, 17,495 (80%) are male-headed households. 
The woreda has a total area of 2573.44 km2 (about 257,344 ha) and is situated between 
4009‖30‘ E and 40 056‖44‘ E; and: 8 048‖12‘ N and 9 019‖52‘ N. the woreda’s attitude ranges 
between 900-1600 masl. The mean annual temperature varies between 240C-280C. The 
mean annual rainfall ranges from 400 to 900 mm, with an average of about 790 mm (IPMS 
2006). Agro-ecologically, the woreda is classified as lowland (Kolla). The area receives a 
bimodal rainfall where the small rains are between March and April while the main rains 
are between July and September. During the small rains, are unpredictable and erratic, 
and as a result, crops fail in most years due to lack of even distribution of rainfall. 
Recurrent drought is a major problem, and is making relief aid a regular source of 
livelihood for many rural families. A total land area of 22,487 ha (about 12% of the woreda) 
is considered suitable for crop production. 

 
Figure 1. Location of the study area 
 

Sampling Techniques and Method of data Collection 
Sampling techniques 
A multi stage sampling technique was used to select 161 sample households. In the first 
step of the sampling, out of the woredas in the central rift valley that have almost similar 
climate condition, Mieso and Dugda woredas were purposively selected because these 
areas are most drought prone areas. In the second stage, out of the 36 PAs in Dugda woreda 
4 PAs were selected randomly and of 36 PAs in Mieso woreda 3 PAs were selected. In the 
third stage the total numbers of households in each PAs were listed and finally a total 
numbers of 161 sample households were selected and interviewed based on the 
proportional to sample households. 
Table 1. Number of household and sample sizes 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 134 

 

 

  Farming  No of HH in  
Woreda No of PAs system Name of PAs PAs Sample HH 

      

Dugda 4 Mixed B/Gusaa 344 18 
  Mixed Jawe Bofo 332 16 
  Mixed Odd Bokota 496 24 
  Mixed S/Wakalee 474 23 
      

Mieso 3 Agropastoral Buri Mulu 584 29 
  Agropastoral Chobi 500 24 
  Crop-livestock Husemandhera 551 27 
      

Total 7   3281 161 
      

 

Method of data collection 
Data were gathered from primary and secondary sources. The primary data were collected 
from sample households through a structured questionnaire using face to face interview as well 
as CVM was employed to collect willingness to pay data. The secondary data were collected 
from the existing government line departments and offices, records of non-governmental 
organizations. In addition a structured questionnaire focus group desiccation was done with a 
group of farmers in each woredas PAs to know major sources of risk and management strategies 
practiced. Six enumerators who speak the local language were recruited from the study area 
and trained on interviewing techniques and how to manage CV questions. 
 

Method of WTP data collection 

Willingness to pay is defined as the amount that must be taken away from household‘s 
income. The willingness data is collected through CV method, this method is also suited 
to solicit consumers‘ willingness to pay for a product that is not yet on the market. CVM is 
now increasingly used in developing countries (Alberini and Cooper, 2000). In this 
method, the researcher creates a hypothetical market in a non-market or new good. The 
values which are generated through this hypothetical market are treated as estimates of 
the value of new good. After designing the draft questionnaire pre test was conducted 
with 26 randomly selected sample households. An open ended question was used for the 
elicitation of the respondents‘ maximum amount they are willing to pay for the insurance 
service per hectare. This is due to make some modifications in the designed questionnaire 
of the survey and to obtain starting bid values. Based on this elicitation some values were 
selected as the starting bid values for the survey questionnaire. The bid values were 
distributed randomly through 161 sample households and the respondents were asked are 
you willing to pay this amount if the respondent says yes or no, finally the single bounded 
dichotomous choice question is followed up by an open-ended follow up question.  
 

Method of Data Analysis 
The data that had been collected through contingent valuation method has been analyzed 
using both descriptive statistics and econometric model. Descriptive statistics such as 
mean, percentage, standard deviation and frequency of appearance was used, whereas on 
the econometric approach adopted the Tobit model. 
 

The Tobit model 
A very common problem in microeconomic data may stem from conditions in which the 
researcher had information only on the regressors but not on the regress and (amount of 
the respondent is willing to pay for rainfall insurance) for some observations. A sample in 
which information on the regress and is available only for some observations is known as 
a censored sample. When data are censored, the distribution that applies to the sample 
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data is a mixture of discrete and conditional distribution and the most appropriate model 
to analyze such distribution is the Tobit model. 
This model is also commonly known as censored normal regression model (Greene, 2003). 
It assumes that many variables have a lower or upper limit that is known as threshold 
value and take on this limiting value for a substantial number of respondents. For the 
remaining sample respondents the variable takes on a wide range of values above the 
limit. The explanatory variables in the model may influence both the probability of limit 
responses and the size of non-limit. The two parts correspond to the classical regression 
for the non limit (continuous) observations and the relevant probabilities for the limit 
(zero) observations, respectively. Based on the above behavior of the model, Tobit analysis 
is appropriate for this study and the formula for the Tobit model is given as follows: 
Following Long (1997), the structural equation of tobit model censored from below can be 
expressed as: 

 
Where, 
Yi = the observed dependent variable, in this case the maximum willingness to pay the 
respondent is willing to pay in Birr. 
Yi

*= the latent variable which is not observable.  
Xi = vector of factor affecting willingness to pay. 

βi = vector of unknown parameters to be estimated . 
 = residuals that are independently and normally distributed with mean zero 

and constant variance δ2. 
The model parameters can be estimated by maximizing the tobit likelihood function of the 
following form (Maddala, 1997); 

 

 
Maddala (1997) proposed the following techniques to decompose the effects of 
explanatory variables into the decision to pay and intensity effects. Thus, a change in X 
(explanatory variables) has two effects. It affects the conditional mean of Yi

* in the positive 
part of the distribution, and it affects the probability that the observation will fall in that 
part of the distribution. Similar approach will be used in this study. 
 

 The marginal effect of an explanatory variable on the expected value of the dependent 
variable is:  

 

 
 

 The change in the probability of willingness to pay as independent variable Xi changes is:  
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 The changes in the amount of money respondent are WTP with respect to a unit 
change in an explanatory variable among those who are willingness to pay are:  

 
 

Where; 
F (z) = is the cumulative normal distribution of z, 
f (z) = is the value of the derivative of the normal curve at a given point (unit normal 
density), 
z = is the z score for the area under normal curve, 
 = is a vector of Tobit Maximum Likelihood estimates and 
σ = is the standard error of the error term. 
 
The logit model 
In the logit model of single bounded dichotomous format, households are given initial bid 
value in which they may accept or reject. In the logit model the dependent variable is 
dummy variable yes/no. The purpose of the Logit model is to estimate the mean WTP. 
Following Gujarati, (1999) the Logit model is expressed as follows: 

 
One of the main objectives of estimating an empirical WTP model based on the CV survey 
responses is to drive a central value or mean of the WTP distribution Hanemann et al 
(1991). According to Gujrati (1999) both probit and logit models provide similar results 
thus, for comparative computational simplicity logit model was used for the estimation. 
And the mean willingness is formulated as: 

 
Variable Definitions and Hypothesis 
Dependent variable 
The amount of money the respondent is willing to pay for rainfall based insurance service 
per hectare was taken as the dependent variable. 
 
The independent variables 
It is very important to identify the potential explanatory variables and describe their 
measurements in a model. Therefore, based on review of theoretical and empirical works, 
Socio-economic characteristics of the households and institutional factors were considered 
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as in the model. 
 

Age of household (AGE): Age is continuous variable defined as the age of the head of farm 
household at the time of interview measured in years. According to the study by Patrick 
(1988) the age of the household has negative effect on the demand for insurance. The other 
study which has almost similar result with Patrick is Gine et al. (2007), who found that young 
farmers are more likely to purchase insurance than elders. Therefore, in this study it is 
hypothesized that young farmers are more likely to purchase insurance than elders. 
 

Sex of household (SEHH): This is measured as a dummy variable taking the value of 1 for 

male headed household and 0 otherwise. The sex of the household head was included to 
differentiate between male and female household heads in their participation of making a 
decision on income distribution. In this study it is hypothesized that male head 
households are likely to purchase the insurance service than female head households. 
Therefore, it is expected to affect willingness to pay for rainfall based insurance positively. 
 

Marital status of household (MRST): Marriage is social engagement to support each other 
both socially and economically. Married households put aside some of resources for 
unforeseen circumstances to smoothen their life, pool their resources and reduce cost that 
would have been spent separately. In this study marriage and willingness to pay for 
rainfall based insurance premium are hypothesized to be related positively. 
 

Location of the study area (NAWO): This is dummy variable taking 1, if the study area is 
located in Dugda and take 0, if the area is located in Mieso woreda. 
 

Income from crop (FINC): It is a continuous variable expressed in Birr and shows the 

amount of income that the household head earned from crop production activities. The 
increase in demand for insurance associated with income and it appears that an increase in 
an income may create pressure on the household to purchase additional insurance. This is 
based on economic theory, which states that individual‘s demand for most commodities or 
services depend on income (Mbata, 2006). Vince and Joyce (1994) have found that income 
of the household has positive impact on the demand for rainfall based insurance. That is 
financial security for households with greater income may warrant additional protection. 
In this study income from crop is expected to have positive influence on farmers‘ 
willingness to pay for rainfall based insurance. 
 

Off-farm income (OFINC): It is income from other non farming activities like basketry, 
roping etc. It is a continuous variable measured in Birr. A study conducted by Sukurai and 
Readon (1997) showed that respondents who received high amount of income from other 
non-farm activities are not interested in participating in drought insurance. Therefore 
households who have less amount of off-farm income are expected to be more willing to 
pay for rainfall based insurance. 
 

Family Size (FSIZE): It is a continuous variable measured in number of people living 

under one roof. Higher family size is accompanied with larger household expenditure, 
which consequently depletes household cash resources. Sukurai and Readon (1997) have 
shown that as size of household increase, demand for insurance decrease. In this study 
size of household is expected to have negative effect on the willingness to pay for the 
rainfall risk insurance. 
 

Dependency ratio (DEPR): This is a continuous variable measured in ratio. It refers to an 

increase in working-ratio that reduces the ability to meet subsistence need and also 
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increase the personal rate of time preference. It also tells us the proportion of household 
members who are dependent on the economically active members of the family. The more 
dependency ratio in the household, the less active labor force the family would have. 
Paulos (2002), has found that it is negatively related to willingness on decision of the 
farmers to participate in soil and conservation practices. Therefore in this study it is 
expected to affect the expected willingness to pay for rainfall based insurance service 
negatively. 
 

Education of household head (EDUC): It is dummy variable taking 1 if the respondent is 
literate and 0 if the respondent is illiterate. Education may increase farmers‘ ability to use 
information as well as practice. Education has been shown to be positively related to 
farmers‘ willingness  to  pay  for  willingness  decision  of  the  farmers  to  participate  in  
soil  and conservation  practices  (paulos  2002).  Therefore,  it  is  hypothesized  to  have  a  
positive influence on farmers‘ willingness to pay for rainfall based insurance. 
 

Availability of public and private aid (PAPA): Gifts may be in kind or in cash from 

governmental and other nongovernmental organizations. This is a dummy variable takes 
the value 1, if households have gift from different sources 0, otherwise. The result from the 
study by Sukurai and Readon (1997) showed that as the availability of public and private 
aid is high, participation and willingness to pay for insurance is low. Therefore in this 
study availability of such aid expected to have a negative influence on the willingness to 
pay for rainfall based insurance. 
 

Credit constraint (CREDIT): It is dummy variable which takes the value 1, if the 

household has high credit constrained and 0, if less constrained. A study conducted by 
Gine et al. (2007) indicates that insurance participation is higher when households are less 
credit constrained. In this study credit constraint is expected to have a negative effect on 
the demand for insurance and willingness to pay for it. 
 

Extension service access (EXTENTION): It is a dummy variable which takes a value of 1, 
if the farmer has access to extension service and 0 otherwise. Access to extension service 
indicates to the availability and existence of technical advices to stallholder farmers in the 
study area. Extension service widens the farmer knowledge with regard to use of 
improved seed and agricultural technologies. And has positive impact on household farm 
and decision for willingness to pay for rainfall based insurance. (Paulos, 2002) have found 
Extension access to farmers influenced the application of soil conservation technologies 
positively. In this study it is hypothesized that expected to affect willingness to pay 
positively. 
 

Initial bid value (BID): This is continuous variable measured in Birr and included in the 

regression analysis to check weather starting bid bias exist or not. If this variable is 
significant and positive there is a bias on the starting bid value otherwise not. 
 

Livestock holding (TLU): It is a continuous variable which represent livestock holding of 
the respondent in tropical livestock unit. It is expected to influence the willingness to pay 
of the household head either positively or negatively. This is because of the fact that the 
income from sale of livestock as well as production of livestock have positive influence on 
income and in turn income has positive influence for willingness to pay. Therefore, On the 
other hand, it may have negative impact on willingness to pay if the farmers believe that, 
as the willing to pay amount increases they might have to shift their attention from crop 
production to livestock production activity. In this study, it is expected to have negative 
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influence on the willingness to pay for rainfall based insurance. 
 

Ownership of radio of the household (RADIO): This variable is a dummy variable, 
which takes the value of 1 if household has radio and 0 otherwise. Radio is a source of 
information and can enhance the ability of farmers‘ access to different sources of 
information such as extension service, credit service, use of new technologies, improved 
seed varieties, input price, output price, crop protection, post harvest handling techniques 
than those farmers don‘t possess radio. Thus, farmers who have radio might be able to 
understand those information‘s earlier than those who do not have. Therefore, in this 
study it is hypothesized that owner of radio will be positively related to willingness to pay 
for rainfall based insurance service. 
 

House type of the households (HOUSE): It is a dummy variable that takes the value 1 if 
the household has iron roofed house and takes the value 0, if they have grass roofed 
house. Since type of house is a proxy for wealth status it may have positive influence on 
the farmers‘ willingness to pay for rainfall based insurance. In this study, it is expected to 
have positive influence on the WTP. 
 
Table 2.Variables and their measurement included in the mode 

 

RESULTS AND DISCUSSION 

The number of sample households included in this study was 161. Both descriptive and 
econometric analyses were used in analyzing the data obtained from the survey. 
 

Descriptive Statistics Results 
Descriptive statistics such as mean, minimum and maximum values, range and standard 
deviations were used to describe the major factors explaining farmers‘ willingness to pay 
for rainfall risk insurance. In addition, mean difference for continuous variables and 
frequency of discrete variables were tested using t-test and chi-square test respectively. 
Household characteristics 
From the total surveyed respondents 144 (89.4%) were willing to pay for rain fall based 
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insurance where as the rest 17 (10.6%) were not-willing to pay for the service. Based on the 
survey result, of the interviewed households 155 (96.3%) were male respondents while the 
remaining 6 (3.7%) were female respondents. Out of willing respondents, 141 (97.9%) were 
male respondents and 3 (2.1%) were female respondents, while out of non-willing 
respondents 14 (82.4%) were males and 3 (17.6%) were female respondents. The result of 
chi-square test shows that there is statistically significant difference in sex of household 
heads between willing and non-willing groups (p<0.01). 
Of the total respondents, 147 (91.3%) were married, 7 (4.3%) were single, 5 (3.1%) were 
divorced and 2 (1.2%) were widowed. Out of the willing respondents, 133 (92.4%), 7 
(4.9%), 3 (2.1%), and 1 (0.7%) were married, single, divorced and widowed, respectively. 
While out of the non-willing respondents 14 (82.4%) were married, 2 (11.8%) were 
divorced and 1 (5.9%) were widowed. There is statistical significant difference in marital 
status between willing and non-willing groups (p<0.05). 
Of the total household surveyed 42.2% have iron roofed house and the rest 57.8% have 
grass roofed house. There is statistically significant difference between willing and non-
willing households in terms of their housing type. The education level of the sample 
respondents was categorized in to those who can read and write as literate and those who 
cannot read and write as illiterate. Based on this, illiterate respondents constituted 73 
(45.3%) of the total respondents and the literate groups constituted 88 (54.7%). Out of the 
willing respondents 62 (43.1%) were illiterate and 82 (56.9%) were literate and the chi-
square test depicted that there was statistically (p<0.1) significant difference in education 
of the household head. Sample respondents who have their own radio were 132(82%) of 
the total respondents. Out of this 128(88.9%) are from willing to pay group, and 4(23.5%) 
are from non-willing group. There is also statistically significant difference between the 
two groups (p< 0.01). The summery of the result is shown below in Table 3. 
 

Table 3. Characteristics of sample household heads by willing and not-willing groups for 
(dummy variables) 

 
Source: own survey, 2010  
***,**,* Statistically significant at 1%, 5% and 10% probability levels respectively. 

Regarding the continuous variables mean age of the respondent was found to be 39.84 
with the minimum 20 and maximum of 71 years. The mean age for willing respondents 
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was found to be 40.03 with 20 minimum and maximum of 71 years while that of the non-
willing was 38.29 with minimum of 22 and maximum of 70 years respectively. There is no 
statistically significant difference between willing and non-willing respondents. The 
average family size was found to be 5.86 with a minimum of 1 and a maximum of 11 
family members. The average family sizes of the willing respondents and non-willing 
respondents were 6.05 and 4.24, respectively. The result indicates that there is statistically 
significant difference at 1% significance level between willing and non-willing 
respondents in their family sizes (p<0.01). 
 
Table 4. Characteristics of sample household heads by willing and not-willing groups for 
(continuous variables).  
 Willing to  Non-willing     
 pay  to pay  Total  t-value 

Variables Mean Std. Mean Std. Mean Std.  
        

AGE 40.03 11.94 38.29 14.79 39.84 12.2 0.552 
FSIZE 6.05 2.306 4.24 1.2 5.86 2.28 5.198*** 

 

Source: own survey, 2010 
*** Statistically significant at 1% probability level 
 
Resource Ownership 
The survey result showed that income from farm is the main source of subsistence for the 
majority of the surveyed households. The mean income of the respondents was 7035.40 
birr/year with minimum 700 birr/year and maximum of 19,000 birr/year. The mean 
income of willing and not-willing respondents was 7237.50 birr/year and 5323.53 
birr/year, respectively. The result shows that there is statistically significant mean 
difference between the two groups of the respondents. On the other hand, the mean 
annual off-farm income of the respondents from different activities was 773.29 birr/year. 
The corresponding figure for willing respondents was 570.14 birr/year and the mean of 
non-willing respondents was 2494.12 birr/year. There is statistically significant difference 
between two groups (p<0.01). 
 
Table 5. Economic Characteristics of sample household by willing and not-willing groups 
for (continuous variables) 
 Willing to  Not-willing  Total  t-value 
 Pay  to pay     

Variable Mean Std. Mean Std. Mean Std.  
        

FINC 7237.5 4679.1 5323.5 4534.4 7035. 5468.7 1.600 
OFINC 570.14 1376.1 2494.1 2237.6 773.1 1595.3 -3.469*** 
TLU 7.3141 4.4872 1.0906 3.4249 7.693 4.5161 -3.19*** 

Source: own survey, 2010 
***, Statistically significant at 1% level respectively 
 
Institutional characteristics 
Households‘ institutional characteristics have important effect on the households 
preferred status with respect to willingness to pay for rainfall risk insurance. The 
important institutional factors included in the study are: agricultural extension, credit 
facility, and availability of public and private gifts. 
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Of the total households surveyed only 88.8 % had contact with extension agents (Table 6). 
There was statistically significant difference between the willing and non-willing 
households in their access to extension services (p<0.1). On the other hand, 28%, the 
respondents reported to have obtained different public and private aids and the rest 72% 
did not have this opportunity. There was also statistically significant difference between 
willing and non- willing households (p<0.01). About 59% of the household were reported 
that they were credit constrained. The result from chi-square test shows there is 
statistically significant difference between willing and non-willing households in their 
credit access (p<0.05). 
 
Table 6. Institutional characteristics of sample households by willing and not-willing 
groups for (dummy variables) 

 

Source: own survey 
***,**,*Statistically significantly at 1%, 5%  and 10% level respectively. 
 
An attempt has also been made to compare respondents grouped based on the two survey 
woredas Dugda and Mieso among dummy and continuous variables. Table 7 presents the 
summary of the descriptive statistics. 
 
Table 7. Summary of descriptive statistics of sample households‘ characteristics by woreda 
for (continuous variables). 

 Dugda  Misso  t - value 
Variables mean Std. mean Std.  

      

AGE 41 13.1 38 10.5 1.639** 
FINC 6764 4643 7480 4763.9 -0.940 
OFINC 721 1475.8 859 1783.5 -0.531 
FSIZE 6.25 2.5 5.21 1.704 3.125*** 
TLU 7.76 4.52 7.58 4.545 0.243 

Source: survey result (2010) 
***,** Statistical significant at 1% and 5% probability level. 
 
The purpose of these comparisons using descriptive statistics by woreda was to examine 
whether there is significant difference between the two woredas in terms of household 
characteristics, institutional factors and resource ownership. The above Table (Table 7) 
presents the mean comparison of continuous variables between two woredas. Age of the 
household head and family size were found to be statistically significant at 5% and 1% 
significant levels respectively. On the other hand no statistically significance difference 
was observed between the two woredas in terms of total income from crop, total off-farm 
income and total livestock holding. 
Summary of descriptive statistics for dummy variables presented in Table 8 also depicts 
that there is statistically significant difference at less than 1% significant level in two 

 Willingness to pay Not-willing to pay Total 

 Variable Yes (%) Yes (%) Yes (%) 
     

PAPA 22.9 70.6 28 17.159*** 
CREDIT 43.8 17.6 41 4.283** 
EXTENTION 90.3 76.5 88.8 2.919* 
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woredas of the study area includes: sex of the household head, marital status of the 
household head, education of the household head, housing type, access to extension 
services, owning radio and credit constraint. But there is no statistically significant 
difference in availability of public and private aid in between two woredas. 
  
Table 8. Summary of descriptive statistics of sample household characteristics by woredas 
for (dummy variables). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: survey result (2010) 
*** Statistically Significant at 1% Probability level.  

 
Sources of Risk and Management Strategies Practiced  

Farmers were highly affected by many sources of risk, but they were trying to cope and 
live with these risks. Households in the study areas were also practicing different 
mechanisms in order to make their living. Among many sources of risk, the following 
were identified as the major ones by respondents. Households were asked to list the most 
important, second most important and the third most important sources of risk that they 
faced. Responses were classified into the categories listed below.   
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Table 9. Major sources of risk as perceived by sample respondents and their rank given by 
sample households 

 
Source: own survey, 2010 
Table 9 shows, clearly that the most important source of risk identified by the respondents 
was drought or erratic rainfall. The second was crop failure due to crop diseases and the 
third reason was loss of fertility of the soil. Therefore, Drought was the major source of 
risk in the study area. 
 
Risk management strategies 
In order to cope with sources of risks below in table 10, rural households have developed 
through time various risk management strategies which only differ from place to place, 
and among the farmers. Farmers in the study area practice sale of livestock as a major risk 
coping strategy. Diversification, use of improved technology, delay in sale of crop and 
intercropping were also strategies used by farmers. There is statistically significant 
difference in coping strategies between willing and non-willing respondents in terms of 
diversification, off-farm employment and use of improved technologies. But there is no 
statistically significant difference in terms of intercropping, go for credit, delay in sale of 
crop and sale of livestock. 
 
Table 10. Risk management strategies practiced by sample households 

 
Source: own survey, 2010 
***, significant at 1% 
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Risk perception of sample households 
Households in the study area perceive that they are exposed to different types of 
substantial risks from different sources. Therefore, based on the results obtained from 
formal survey questionnaire, households define risk in three ways: year when rainfall 
delays, year when rainfall is inadequate, year when rainfall is high. The summary of the 
result are presented and discussed below in Table 11. 
 
Table 11. Definition of risk by sample households 

 
Source: survey data, 2010 
 

Out of the total households surveyed 80.6 % define risk as a situation where the expected 
rainfall is low. The others 18.7% and 0.7% percent of the sample households define it as 
the situation when the rainfall delays and the expected rainfall is high, respectively. 
Similarly, when the households were asked which was the most risky year in the ten years 
preceding survey, 105 (65.2%) of the sample households reported the year 2001 the others 
47 (29.2%), 3(1.9%), 2(1.2%) identified the years 1995, 2000 and 1994, respectively. 
Out of the willing respondents 131 (91%) showed their interest to pay the premium in cash 
and the remaining 13 (9%) in kind. The respondents also discussed about the time of 
insurance premium payment. Of the willing respondents, 129 (89.6%) reported that the 
preferred to pay after the time of harvesting. Their main reason stated for this preference 
was the prospects of earning money after harvest by selling what they produced. Ninety 
four (65.28%) of the respondent choose the indemnity to be paid in cash, because they 
need the money to buy better improved varieties, water pump (hand pump), implement 
and engaged in fattening activities etc. The other fifty (34.72%) stated that they would 
opposite for the payment in kind because they are afraid of losing the money without any 
activity, so that they prefer only the lost product or grain. 
 
Willingness to Pay Analysis 
Before implementing the final survey, the pilot survey was conducted using open-ended 
elicitation format to set up starting bid. The bid values were 50, 100, 150 and 200 based on 
the pilot survey. The follow-up question was open-ended; if the respondent answered 
―no‖ to the randomly aligned initial bid, he/she was then asked how much he/she would 
pay for the service. If the respondent answered ―yes‖ to th e randomly aligned initial bid, 
he/she was then asked what was the most he/she would pay for the service. 
The total sample households were randomly distributed to the four initial bid value 
groups and each contains 41, 47, 36 and 37 respectively. Out of the total sample 
respondents 17(27.2%) responded ―no‖ to the initial bid value. The main reason they have 
stated includes mainly they couldn‘t afford it, and they didn‘t trust the service. But the 
rest 144(72.8%) show their interest to contribute and gave the ―yes‖ or ―no‖ response to 
the initial bid value then follow up values. 
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Table 12. Maximum WTP and percentage distribution of the sample household 

 
Source: own survey, 2010 
 
Estimation of the mean WTP value 
The initial bid value was regressed with the dependent dummy variable, the result of the 
coefficients were presented in Table 13, and mean willingness to pay for the single 
bounded dichotomous format is as follows. 
 
Table 13. The Logit model to calculate the mean WTP 

Variables Coefficient St. d t-value p-value 
     

CONST 3.993626 0.6619955 6.03 0.0000 
BID -0.021873 0.0042091 -5.20 0.0000 

 

 
 
Thus the mean willingness to pay calculated from the single bounded dichotomous format 
is 183.41 birr per hectare. However, the mean WTP is 129.93 birr per hectare from 
responses to the open-ended CV survey questions, which is lower than the mean value 
obtained from the closed-ended Logit model estimates. Thus the result showed that the 
respondents were willingness to pay between the ranges of 129.93–183.41 Birr per hectare 
for the proposed rainfall based insurance service. 
 
Estimating total willingness to pay and total revenue 
In this section the total willingness to pay and total revenue at different prices that 
households in the seven PAs of the two woredas (Dugda and Mieso) were willing to pay 
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as computed. The sampled seven PAs namely, (B/Gusaa, Odd Bokota, Jawe Bofo, 
S/wakalee, Huse mandhera, Chobi, Burimulu) have a total of 3281 households with a total 
population of 49,966 households with a total population of 275,307 and an average family 
size of 5.86. Based on this information and the distribution of WTP amount by the 
respondents, it would be possible to estimate the expected total willingness to pay and 
total revenue for the study area. Table 14 provides the procedure and results from this 
analysis. 
 
Table 14. Total willingness to pay and total revenue in (Birr) 

 
Source: Own survey, 2010 
 
The first column shows the maximum willingness to pay interval, and the second is class 
mark for willingness to pay (the mid willingness to pay amount) of the first column. The 
third and the fourth columns show the number and the percentage of sample households 
whose willingness to pay amount falls within the given interval. 
The total number of households in two woredas of the study area has been multiplied by 
the proportion of sample households falling in each category to obtain the total number of 
households whose willingness to pay amount lies in each boundary (column fifth). And 
total willingness to pay (column sixth) has been obtained by multiplying the mid 
willingness to pay amount by total number of households willingness to pay that amount. 
The total household of 49,966 in two woredas of the study area were expected to pay birr 
5,740,244 per year, if every household insures one hectare of his land. 
Therefore, the result of the survey indicates that the average insurance premium payment 
of household was birr 114.88 per hectare per household if the proposed insurance service 
is implemented. This result is almost similar with the average willingness to pay of 129.93 
birr per household per hectare. A column seven and eight indicates the number and the 
percentage of sample household willingness to pay at least the amount in each interval. 
Similarly, column nine shows total number of households willing to pay at least the 
amount in each interval and it falls as the mid willingness to pay amount rises (column 
ten). Total revenue has been obtained by multiplying the mid willingness to pay amount 
(column two) by the corresponding total number of households‘ willingness to pay at 
least that amount, (column nine). 
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Derivation of aggregate demand 
The aggregate demand for this study has been derived from the above willingness to pay 
scenario (Table 14). The aggregate demand curve is derived using the mid willingness to 
pay amount along the vertical axis and the number of households‘ willingness to pay at 
least that mid value per hectare along the horizontal axis, (Figure 2). The figure shows the 
aggregate demand curve for the rainfall based insurance using the observations in the 
study. Any point on the curve shows all the households that prefer the insurance service 
but do not bid more than the corresponding value on the mid willingness axis. 
As shown in Figure 2, the demand curve is negatively sloped, indicating the fall of the 
demand for the insurance service as the premium increases, like most other non-market 
goods other things remaining constant. The area under demand curve represents the gross 
value of consumers‘ surplus if the service is available for free or zero. 

 
Figure 2. Estimated demand curve for rainfall based insurance service 
 

Econometric Model Result 
Econometric software called Limited dependant (Limdep 7) was employed to estimate the 
Tobit model. In the tobit model the main objective is to identify factors affecting the 
willingness to pay for rainfall risk insurance and its intensity in relation to socio-economic 
and demographic variables. 
 

Econometric test and results 
Before taking explanatory variables in to the analysis, it was necessary to check the 
existence of multicolinarity among the continuous and dummy variables. Variance 
inflation factor (VIF) was used to detect mulitcollinarity among continuous variables and 
contingency coefficient (C) was used to detect the degree of association among dummy 
variables. According to Maddala (1992), VIF can be defined as: 

 
Where, R2 is the squared multiple correlation coefficient between xi and other explanatory 
variables. A statistical package known as SPSS 16 was used to compute the VIF values. As 
a rule of thumb, when the VIF exceeds 10, there is muliticollinarity problem. VIF values 
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shown in the Appendix Table 1 indicate that there was no serious muliticolinarity 
problem. Similarly, contingency coefficients were used to check the existence of 
muliticolinarity. Contingency coefficient is computed as follows: 

 
Where: 

C = is coefficients of contingency 
= chi-square random variable 

N= total sample size 
The rule of thumb for Contingency coefficient is that when its value approach as 1 and 
greater than 0.75 there is muliticolinarity problem between dummy explanatory variables. 
But the result shown in the Appendix Table 2 revealed that all values were less than 0.75 
and there was no serious muliticolinarity problem among dummy variables. 
The assumption in regression analysis is that the errors terms, Ui has a constant variance 
δ2. If the error term doesn‘t have a constant variance, there is problem of hetroscedastics 
(Maddala 1992). In the general linear model, OLS estimates are consistence but not 
efficient when the disturbance terms are hetroscedastic. In the case of limited dependent 
variable models (such as Tobit), the estimates of the corresponding regression coefficient is 
upward biased in the presence of hetroscedasticity. But nothing can be said about the 
direction of bias. It is more practicable to make some reasonable assumption about the 
nature of hetetroscedasticity and estimate the model to say that the maximum likelihood 
estimates are inconsistent if hetroscedasticity is ignored (Maddal 1992). The test for the 
presence of heteroscedasticity problem in the model was also done by using Breusch-
Pagen test and the result was ρ= 1.250, this shows that there is no heteroscedasticity 
problem in the model. 
 
Interpretation of the results 
The estimates of the parameters of the variables that were expected to affect the 
households‘ willingness to pay for rainfall based insurance are shown in Table 15. The 
dependent variable was a continuous variable that household response as maximum 
willingness measured in birr. Out of the 16 hypothesized explanatory variables, six were 
found to be statistically significant, four of them were continuous and the rest two were 
dummy variables. The variables were age of the household head (AGE), total income from 
farm (FINC), total off-farm income (OFINC), livestock holding (TLU), owning radio 
(RADIO), and availability of public and private aid (PAPA). Moreover, the sign of the 
estimated coefficients were consistent with the expected signs. 
The result has shown that age of household (AGE) is an important factor that influences 
the respondent‘s willingness to pay negatively and it is statistically significant (p<0.05). 
Earlier studies by Patrick (1988) and Gine et al. (2007) have found similar results. As the 
age of household head increases, the willingness to pay amount decreases significantly. 
Therefore, younger household heads are more likely to be willing to pay for rainfall based 
insurance compared to older household heads. This may be explained by the fact that 
younger household heads have less long life experience on predicting weather conditions 
and they are also sensitive to the new technologies than elders. The result shows that for 
each additional year in age of the respondent, the probability of the willingness to pay for 
rainfall based insurance decreases by 0.548%. The marginal effect result also shows that as 
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the age of a respondent increase by one year, the amount of cash s/he is willing to pay for 
rainfall based insurance decreases by 1.5159 Birr. 
Household income from crop (FINC): This variable is found to have a positive impact on 
the probability of willingness to pay as hypothesized and the effect is statistically 
significant at 1% probability level. Those household heads that generate high income from 
crop production would be more willing to pay for rainfall based insurance. When the 
income of the household increases by one birr, the probability of the household to be 
willingness to pay for rainfall based insurance increases by 0.002%. The marginal effect 
result shows that when the income level of the household increase by one Birr, the amount 
of cash the household could pay for rainfall based insurance increases by 0.0055 Birr, other 
factors held constant at their mean values. 
Ownership of radio by the household (RADIO) is another important factor which is 
positively and significantly (p<0.05) related to farmers‘ willingness to pay for rainfall 
based insurance and its amount. Information from radio enhances the ability of farmers‘ 
access to improved technologies and risk management strategies. Farmers that own radio 
may get different information on extension service, credit service, improved seed variety, 
input prices and output prices than those farmers who do not have radio. This variable 
also shows that farmers that own radio have 15.218% more probability of paying for 
rainfall based insurance than those farmers who do not possess. Also, the marginal effect 
of this variable shows farmers that own radio, would pay Birr 42.0637 more than those 
farmers that do not have radio. 
As expected the availability of off-farm income (OFINC) is negatively and significantly 
related to willingness to pay (p<0.05). Households engaged in off-farm activities reduce 
the probability of willingness to pay for rainfall based insurance by 0.003%. Households 
who are engaged in off-farm activity are expected to have less attention to farm activity. 
Sukurai and Reandon (1997) have found similar result. The marginal effect of this variable 
also shows when off-farm income increases by one Birr the amount of cash households 
would be willing to pay for rainfall based insurance decreases by 0.0098 Birr, other factors 
held constant. 
Public and private gift (PAPA): This is another important factor which affects the 
dependent variable negatively and significantly (p<0.01). Availability of public and 
private aid decreases the willingness to pay by 16.233%. Sukurai and Reandon (1997) have 
found a negative effect on the dependent variable when farmers have aid from 
governmental or other non-governmental organizations, either in kind or in cash, and this 
may be explained by the fact that as households become more dependent and less active, 
and their willingness to pay tends to be less. The marginal effect of the variable shows that 
those household who have some kind of public and private gifts decrease willingness to 
pay amount by 44.8686 Birr than those who don‘t have the gift, other variables held 
constant. 
Livestock Holding (TLU): Number of livestock owned by households is found to have 
negative and significant (p<0.01) effect on willingness to pay. Each additional unit of 
livestock (TLU) decreases the willingness to pay by 1.618%. This implies that income from 
livestock may encourage farmers to depend more on livestock than farming and results in 
less attention being give to the crop production. The marginal effect shows that for each 
additional TLU that the household possess the willingness to pay amount decreases by 
4.4728 Birr, other variables held constant. 
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Table 15. Maximum Likelihood estimates of the Tobit model 

 
Number of observation = 161 
Log likelihood = -854.3120 
Threshold value for the model: Lower = 0.0000  
Upper = + infinity 
δ = 83.4523 
Z= 1.48 ф (z) = 0.2859 Ф(z) = 0.9307 

***, **, * indicate significance at 1%, 5%, and 10% levels, respectively Source: model result, 2010 
 

Table 16. Marginal effects of the explanatory variable on the dependent variable 

 
Source: based on model out put 
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SUMMARY AND POLICY RECOMMENDATIONS  

Summary and Conclusion  
The main objective of this study was to identify factors affecting smallholder farmers‘ 
willingness to pay for rainfall based insurance in Central rift valley of Ethiopia. The study was 
designed to identify the variables, which determine farmers‘ willingness to pay for rainfall 
based insurance. This study tried to look in to socio economic, institutional and physical and 
other related factors which can affect farmers‘ willingness to pa y for rainfall based insurance. 
Data were collected from 161 farm households drawn randomly from Dugda and Mieso 
Woredas. The primary data were collected using semi structural questionnaire and the 
secondary data were obtained from woredas agricultural office and other non-governmental 
organizations around the woredas. Both descriptive statistics and econometric model were 
employed to analyze the data. Contingent Valuation Method (CVM) was employed to elicit 
farmers WTP for rainfall based insurance. The responses from the survey were analyzed by 
using economic software Limdep version 7. 
Descriptive statistics were also used to describe risks faced by smallholders‘ farmers and 
management strategies practiced by the respondents. It also shows that there were significant 
differences between willing and non-willing households with respect to some variables of 
interest which include: sex, marital status, house type, education, owning radio, off-farm 
income, income, family size, credit constraint, availability of public and private aid and access 
to extension service at different significant levels. 
The result from descriptive statistics also revealed that households suffered from drought or 
erratic rainfall, crop disease and loss of fertility of soil respectively. Therefore, they have 
practiced different types of coping strategies which included: intercropping, diversification, 
off-farm employment, go for credit and delay in sale of crop. The study used CVM technique to 
elicit farmers‘ willingness to pay for the proposed rainfall based insurance service. The 
sampled households were asked questions, related to their socio economic, demographic, 
institutional characteristics and some general questions. They were also asked dichotomous 
question and this were followed by open ended question to elicit households‘ willingness to 
pay for the proposed rainfall based insurance service. Of the total sample households 144 
(89.4%) were willing to participate and the rest 17 (10.6%) were not willing to participate. The 
following bid values 50, 100, 150 and 200 were found from the first open-ended questions. The 
total willingness to pay amount for the total of 49,966 households is estimated to be birr 5, 
740,244 per hectare per year. Sixteen potential explanatory variables were hypothesized to 
explain farmers‘ willingness to pay for rainfall risk insurance, and they were measured based 
on the model output. The result of Tobit model revealed that only six potential explanatory 
variables were used to identify willingness to pay among selected sample households at 
different significant levels. Among the six potential explanatory variables, three were 
significant at 1% probability level and the other three were found to be significant at 5% 
probability level to willingness to pay. Age of the household was found to have a negative and 
significant impact on farmers‘ willingness to pay for rainfall risk insurance at (p< 0.05) level it 
implying that aged farmers‘ have confident by their own weather condition prediction trend 
from their long life experience and they may not trust the insurance service. But younger 
farmers could easily decide to take part willingly in proposed insurance service. 
Income from crop production was another important, highly significant and positively related 
variable that affect willingness to pay for the proposed insurance service at 1% probability 
level. Households with more income from their crop production could be willing to contribute 
more of their income for the proposed rainfall based insurance service. This means that income 
is an important variable affecting the willingness to pay. Households‘ off-farm income is also 
another significant and important variable which is found to be negatively related to the 
willingness to pay for the rainfall based insurance 5% probability level. The result revealed that 
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households with radio have more information access on different aspects of both agricultural 
and non-agricultural sectors. This variable was positively related to willingness to pay at 5% 
probability level. This means willingness to pay for the rainfall risk insurance is more related to 
both information access and awareness. Availability of public and private aid was found to be 
highly significant at 1% probability level and it was negatively related to the willingness to pay. 
Households who are more dependent on governmental and non-governmental organizations 
aids are not willing to pay for the proposed rainfall based insurance service payment. The last 
important variable is households‘ livestock holding it was found to be negatively related to 
willingness to pay at 1% probability level. This is also because of households with more 
livestock number depending more on the livestock production as their primary activity and 
may have less time to care the crop production activity. 

 
Policy Implication of the Study 
The overall understanding of factors affecting smallholder farmers‘ willingness to pay for 
rainfall based insurance would help policy makers and development workers to design 
and implement the rainfall based insurance service in sustainable and in effective manner. 
Based on the findings of the study, the following points are suggested to be considered as 
an important element in order to implement the service and enhance farmers‘ rainfall 
based insurance utilization and effectiveness in the country.  
The strong negative relation between availability of public and private aid and willingness 
to pay for the proposed rainfall based insurance revealed that in order to increase the 
willingness of household, development policies focused on sustainable development 
rather than giving some aid at the time when disaster is occurred. This can be through 
organizing farmers in to saving and credit cooperatives so that they can increase their 
income and can be self sufficient.  
Household income from crop and willingness to pay for rainfall based insurance were 
positively related, development policies should target at increasing income of households 
that address specially the low income members of the smallholder farmers. This can also 
be through facilitating and forming small business groups, educating and giving 
awareness to involve in credit and saving cooperatives.  
Household off-farm income and willingness to pay for rainfall based insurance were 
negatively related. Household willingness to pay for rainfall based insurance were 
relatively less if they have off-farm income from other non-farm related activities this is 
because of off-farm income is another option for households‘ livelihood.  
Households who have radio have an access to information as well as they have awareness 
on different agricultural activities such as market price, post harvest management 
strategies, and information on weather conditions. Development policies focused on the 
different Medias to create awareness and understanding among farmers. 
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ABSTRACT 

The fast ignition approach to ICF consists in first 
compressing the fuel to high density by a suitable driver 
and then creating the hot spot required for ignition by 
means of a second external pulse. If the ignition beam is 
composed of deuterons, an additional energy is delivered 
to the target with increased energy gain. Therefore ,in this 
innovative suggestion ,we consider deuterium  beams for 
fast ignition in D+3Hemixture and solve the dynamical  
balance equations under the available  physical conditions 
by considering a new average reactivity formula ,then we 
compute the energy gain in this mixture .Our 
computational results show that we can get energy gain 
value larger than 4 at resonant temperature (200keV)of 
D+3Hemixture. We select D+3Hefuel, because 
D+3Hereaction is very attractive from a theoretical point of 
view since it does not produced neutrons. The 
D+3Hebenefits include full-lifetime materials, reduced 
radiation damage, less activation ,absence of tritium 
breeding blankets ,highly efficient direct energy 
conversion, easier maintenance, proliferation resistance. 
 
Key words: Fast Ignition, Deuteron Beam, Energy, 
Dynamics 
 

INTRODUCTION 

There is no doubt that one of the most difficult problems that a peaceful world will face in 
the 21th century will be to secure an adequate ,safe ,clean and economical source of 
energy. One of the source of energy is nuclear fusion. Fusion energy which is the energy 
source that powers the stars, has its origin in nuclear fusion reactions. Inertial confinement 
fusion (ICF) is the major alternative to magnetic confined fusion. The indirect and direct 
drive approaches to ICF have been reviewed respectively byLindl et al.(1995 and 
2004)[1]and Bodner (1998)[2]. Both rely on  implosion of a spherical shell of deuterium –
tritium ice with a central core of D+T gas to compress and ignite the fuel at a central hot  
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spot. Fast  ignition  (FI)  is a newer approach  to  ICF proposed  in outline by Basov et al 
(1992)[3] and in much fuller detail by Tabak et al. (1994)[4]. Fuel compression and  ignition  
are  separated  in  FI  by  using  a  shell  of  fuel  at  solid  density  which  is compressed  by  
long  pulse  beams,  together with  short  duration  localized  heating  and ignition of the 
compressed fuel by a short pulse laser beam ,as illustrated schematically in Figure1. 

 
Figure 1.   The fast  ignition concept using  implosion of a spherical shell with an  inserted 
hollow cone  to provide a path for the ignition laser pulse to generate electrons close to the 
compressed D+T plasma 

 

The original concept of Tabak et al. assumed the short pulse laser beam would penetrate close  
to  the  dense  fuel  through  a  laser  formed  channel  in  the  plasma  and  that  laser generated 
relativistic electrons would ignite the fuel. Over the past year, there have been several 
observations of multi-MeV ion beams generated by high-intensity ultra-short laser pulses in 
the interaction with solid targets [5, 7–9]. Light ions, similar to electrons, can be generated due 
to laser–plasma interaction in a target, while a heavy ion beam must be produced by an 
external driver and transported to the target. In summary  ,the fast ignition (FI) mechanism [4], 
in which a pellet containing the thermonuclear fuel is first compressed by a nanosecond laser 
pulse, and then  irradiated by an intense "ignition" beam, initiated by a  high power picosecond 
laser pulse,  is one of the promising approaches to the realization of the inertial confinement 
fusion (ICF).  The ignition beam could consist of laser-accelerated electrons, protons, heavier 
ions, or could consist of the laser beam itself. It had been predicted that the FI mechanism 
would require much smaller overall laser energies to achieve ignition than the more 
conventional central hot spot approach, and that it could deliver a much higher fusion gain, 
due to peculiarities of the pressure and density distributions during the ignition. It is clear, 
however, that interactions of electrons and ions with plasma, and most importantly the energy 
deposition mechanisms are essentially different. If the ignition beam is composed of deuterons, 
an additional energy is delivered to the target and increase target energy gain. Therefore, in 
thepresent studyas a particularly innovative,due to different advantages of D+3He as already  
mentioned ,we choose the D+3He fuel with an  deuteron ignition beam ,under optimum 
conditions  we compute the total energy deposited  in the target and dynamically we 
determine energy gain. We must notice that D+3Hehas different advantages: they include full-
lifetime materials, reduced radiation damage, less activation ,absence of tritium breeding 
blankets ,highly efficient direct energy conversion ,easier maintenance, proliferation resistance 
.In this direction,the physics of fusion reactions are described in detail in section II. 
Investigations of total deposited energy due to deuteron beam fast ignition in target fuel are 
described in section III. Balance equations of   deuterium-helium3 mixture and interpretation of 
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numerical obtained results are given in section IV. Finally, from the nature of this theoretical 

work, discussion and conclusionsare  performed.   رًهی  نٌشتین اها در اینجا اعداد سکشنيا را بو شکل

 شواره گذاری سکشنيا  در هتن بو اعداد انگلیسی ىست اشکالی نداره؟

در کل هتن بعضی جاىا کو قبال تصحیح کزده بٌدید سایز ً نٌع فٌنتش با بقیو فزق داشت کو هن ىوو 

.را درست کزدم ً هثل بقیو هتن کزدم  

 PHYSICS OF FUSION REACTIONS 

The main fusion reactions are: 
𝐷 + 𝑇 → 𝐻𝑒(3.5𝑀𝑒𝑉) + 𝑛(14.1𝑀𝑒𝑉)2

4                                                    (𝑎) 
𝐷 + 𝐻𝑒2

3 → 𝐻𝑒(3.6𝑀𝑒𝑉) + 𝑝(14.7𝑀𝑒𝑉)2
4                                               (𝑏) 

𝐷 + 𝐷 → 𝐻𝑒(0.82𝑀𝑒𝑉) + 𝑛(2.45𝑀𝑒𝑉)2
3                         %50           (𝑐 − 1) 

𝐷 + 𝐷 → 𝑇 1.01𝑀𝑒𝑉 + 𝑝 3.03𝑀𝑒𝑉                              %50           (𝑐 − 2) 
 D+3He reaction is very attractive from a theoretical point of view since it does not 
produced neutrons. A D+3He fueled fusion reactor would also possess substantial safety 
and environmental advantages over D+T. Efficient D+3He fusion energy would be 
beneficial to  terrestrialelectricity ,space power , and space propulsion. Fusion using 
D+3He fuel requires significant physics development particularly of plasma confinement 
in high performance alternate fusion concept. Economically  accessible3He on earth exists 
in sufficient quantities (a few hundred kg ,equivalent to few thousand MW-years of fusion 
power ) for an engineering test. In a D+T and D+3He fuel mixture D+D reaction  fusion 
also occurs. The main difficulties for D+3He reaction are the high temperature conditions 
and the scarceness of 3He on earth. The formula of fusion cross section for all these fusion 
reactions is given by [10] : 

𝜍 𝐸𝑙𝑎𝑏  = −16389𝐶3  1 +
𝑚𝑎

𝑚𝑏

 
2

×  𝑚𝑎𝐸𝑙𝑎𝑏  𝐸𝑥𝑝 31.40 𝑍1𝑍2 
𝑚𝑎

𝐸𝑙𝑎𝑏

 − 1   𝐶1 + 𝐶2𝐸𝑙𝑎𝑏  
2

+  𝐶3 −
2𝜋

 𝐸𝑥𝑝 31.40𝑍1𝑍2 𝑚𝑎 𝐸𝑙𝑎𝑏  − 1 
 

2

  

−1

(1) 

with 3 adjustable parameters (𝐶1 , 𝐶2 and 𝐶3) only. In equation (1), 𝑚𝑎  and 𝑚𝑏  are the mass 
number for the incident and target nucleus, respectively (e.g. 𝑚𝑎  = 2 for incident 
deuteron);𝐸𝑙𝑎𝑏  (deuteron energy in lab system )is in units of keV and 𝜍is in units of barn. 
The numerical values of 𝐶1 , 𝐶2 and 𝐶3 for these reactions are listed in Table.1 [10] . 
 

Table 1. Numerical values of 𝐶1 , 𝐶2 and 𝐶3 for reactions D+T,D+3He and D+D 

 
From this formula ,a schematic diagram of the variations of   fusion   cross  sections for  
these reactions in terms of𝐸𝑙𝑎𝑏  are shown in Figure.2. Also by comparing our calculated 
numerical values with available  experimental  results as are shown in [10],we conclude 
that this formula is exact. 

http://en.wikipedia.org/wiki/Helium-3
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Figure.2.Variations of  fusion  cross  sections versus Deuteron Energy in Lab System (keV) 

for  different fusion reactions of  D+3He and  D+D. 
Another important quantity is the reactivity, defined as the probability of reaction per unit 
time per unit density of target nuclei. In the present simple case, it is just given by the 
product < 𝜍𝑣 >. We have [26]: 

< 𝜍𝑣 >=
4𝜋

(2𝜋𝑚𝑟)
1
2

1

(𝑘𝐵𝑇)
3
2

 𝜍(𝜀)
∞

0

𝜀 exp  −
𝜀

𝑘𝐵𝑇
 𝑑𝜀                                        (2) 

Where 𝑚𝑟  is the reduced mass, 𝑘𝐵 is Boltzmann constant ,T is the temperature and 𝜀 is 

energyin the center of mass frame. Note that𝐸𝑙𝑎𝑏 =
𝑚𝑎+𝑚𝑏

𝑚𝑏
𝜀 د 

Using data in Table. 1  and  inserting  equation (1) into equation(2)and integrate on it for 
D+3He and D+D targets,Figure 3 presents plots of averaged reactivity for D+3He and 
D+D.By way of comparison Figs.2 with 3 we concluded that the cross section and 
averaged reactivity of D+3He fusion reaction is greater thanD+D reaction, and<
𝜍𝑣>𝐷+3𝐻𝑒 and <𝜍𝑣>𝐷+𝐷 are strongly temperature dependent. However, for D+D 
reaction < 𝜍𝑣 >𝐷+𝐷 isminimized. Notice, however, that the resonance temperature ,is the 
temperature where the probability for occurring fusion is maximized. In this manner, from 
Figs 3 , it will therefore be recognize that resonant temperature for both D+3He and D+D 
fusion reactions are approximately 200 and 300keV ,respectively. 

 
Figure 3:Variations of the averaged reactivity in terms of  temperature for < 𝜍𝑣 >𝐷+ 𝐻𝑒3  and 

< 𝜍𝑣 >𝐷+𝐷  
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TOTAL DEPOSITED ENERGY DUE TO DEUTERON BEAM FAST IGNITION IN TARGET FUEL 

Deuterons have been considered for fast ignition as well [11–16] .Bychenkov et al., 
considered an accelerated deuteron beam, but decided that deuterons would have too 
high an energy (7–8 MeV) to form the desired hot spot [11] .However, the recent proton 
acceleration experiments [17] suggest that the laser and converter foil parameters can be 
adjusted to achieve ion beams within the desired range of initial energies and spectra with 

low
∆𝐸

𝐸
 for maximum use of the beam. This reopens the door to a consideration of deuteron 

driven FI. Deuterons would not only provide proven ballistic focusing, but also fuse with 
the target fuel (both D and 3He) as they slow down [18] , providing a ―bonus‖ energy gain. 
Depending on the target plasma conditions, this added fusion gain can provide a 
significant contribution[19].We must notice that the idea of a bonusenergy for first time is 
presented by Xiaoling Yang and et.al at low temperatures [20].In this work we elaborate 
onthis idea, to compute the added energy released as the energetic deuterons interact with 
the target fuel ions of  D+3He in range of temperatures including resonant ones 
(200keV).This added energy increasesthe total energy gain.We use a modified energy 
multiplication factor 𝜑 to estimate the bonus energy in terms of the added ―hot spot‖ 
heating by beam-target fusion reaction for D+3He [18] . The deuteron beam energy 
deposition range and time are also calculated for this reaction.  The F value is the ratio 
between the fusion energy 𝐸𝑓  produced and the ion energy input 𝐸𝐼 to the plasma and for 

D+3He reaction is given by [18] :    

𝐹𝐷+ 𝐻𝑒3 = 𝑛 𝐻𝑒3

 𝑆 𝐸 𝑑𝐸
𝐸𝐼

𝐸𝑡

𝐸𝐼

                                                                              (3) 

where𝐸𝐼 and 𝐸𝑡  are, respectively, the average initial energy and the asymptotic 
thermalized energy of the injected single ion for this reactions.[18,21,22] .So ,we consider 

𝑆 𝐸 ≡  𝐾𝑘[< 𝜍𝑣 𝐸 >𝑏]𝐼𝑘(𝐸𝑓)𝐼𝑘/  
𝑑𝐸

𝑑𝑡
 

𝑘

                                                 (4) 

where: 

1

𝑛 𝐻𝑒3
 
𝑑𝐸

𝑑𝑡
 = −

𝑍𝐼
2𝑒4𝑚𝑒

1 2 𝐸 ln 𝛬𝐷+ 𝐻𝑒3

3𝜋 2𝜋 1 2 𝜀0
2𝑚𝐼 𝑘𝑇𝑒 

3 2 
 1 +

3 𝜋𝑚𝐼
3 2  𝑘𝑇𝑒 

3 2 

4𝑚𝑘𝑚𝑒
1 2 𝐸3 2 

            (5) 

where 𝑚𝑒  is the mass of electron and 𝑚𝐼  is the mass of the injected ion, both of which are 
in atomic mass unit (amu).< 𝜍𝑉 >𝐼𝑘  is the fusion reactivity for the injected ion I of species 
k having atomic fraction 𝐾𝑘  in the target, (𝐸𝑓)𝐼𝑘 is the corresponding energy released per 

fusion, and 𝑇𝑒  is the target electron temperature [22] .By inserting  Eq.(5) inside Eq.(3) we 
can see that the 𝑛 𝐻𝑒3   in Eq. (5) cancel that in Eq.(3), thus 𝐹𝐷+ 𝐻𝑒3  is nearly independent of 

the target density (𝑛 𝐻𝑒3 ). ln 𝛬𝐷+ 𝐻𝑒3  is  the Coulomb logarithm for D+3He  reaction. 

In the D+3He fusion reaction the products are all energetic charged particles 
(14.7 𝑀𝑒𝑉 𝑝𝑟𝑜𝑡𝑜𝑛 𝑎𝑛𝑑 3.6 𝑀𝑒𝑉 𝑎𝑙𝑝𝑎 ) based on the binary collision model, the Coulomb 
logarithm based slowing down process in the background plasma is usually defined as 
[23] : 

ln 𝛬𝐷+ 𝐻𝑒3 = 14.8 − ln  
 𝑛𝑒

𝑇𝑒
                                                                        (6) 

In Fig.4,the two and three dimensional  variations of ln 𝛬𝐷+ 𝐻𝑒3  are plotted. From this,we 

then clearly see thatln 𝛬𝐷+ 𝐻𝑒3 has a larger value at lower 𝑇𝑒(𝑘𝑒𝑉)and  higher𝑛𝑒 𝑐𝑚
−3 . 
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Figure 4: a)The  two and b) three dimensional variations of ln 𝛬𝐷+ 𝐻𝑒3   in terms of target 

density and temperature . 
The (𝐸𝑓)𝐼𝑘  in Eq. (4) gives the energy released in the fusion reaction carried by the  

produced particles. For, D+3He reaction in the target (see reaction (b)) only 20% of the 
fusion energy carried by the alphas is applicable for heating while for the D+D reaction 
about 63% of the total isapplicable (see reaction c) [20]. Therefore, to prevent confusion, we 
introduce a new factor 𝜑 to  represent the energy multiplication  factor for the hot spot 
heating by the charged particles  for D+3He fusion reaction. We have 𝜑𝐷+ 𝐻𝑒3 =

20% 𝐹𝐷+ 𝐻𝑒3  and for D+D fusion in D+3He mixture  𝜑𝐷+𝐷 = 63% 𝐹𝐷+ 𝐻𝑒3 . In summary, 

the total energy that could be deposited into the target due to combined deuteron ion 
heating and beam-target fusion for D+3He and D+D , respectively   becomes: 

𝜀𝐷+ 𝐻𝑒3 = 𝐸𝐼  1 + 𝜑𝐷+ 𝐻𝑒3                           (7 − 1) 

𝜀𝐷+𝐷 = 𝐸𝐼 1 + 𝜑𝐷+𝐷                                   (7 − 2) 

so it is seen that 𝜑plays the role of a―bonus energy‖ for deuteron driven fast ignition. To 
avoid confusion, please note that the 𝜀 here is the total energy deposited by the ion beam 
plus any contribution from its beam-target fusion in the hot spot, but not the total input 
energy to the target which is often cited in energy studies and represents the total laser 
compression plus fast ignition energy delivered to the total target ,also the deuteron 
stopping range and stopping time can be calculated by following equations [20]: 

𝑅𝑆 =  𝑣𝐷𝑑𝐸  
𝑑𝐸

𝑑𝑡
  

𝐸𝐼

𝐸𝑡

                                     (8) 

𝑡𝑆 =  𝑑𝐸  
𝑑𝐸

𝑑𝑡
  

𝐸𝐼

𝐸𝑡

                                           (9) 

Where,  
𝑑𝐸

𝑑𝑡
 are calculated from Eqs.(5) for D+3He reactions ,the deuteron velocity  is  

𝑣𝐷 =  
2𝐸

𝑚𝐷
.For calculating the total energy deposited into the target  of D+3He mixture at 

first step we substitute equation (6) into equation (5),then at second step the obtained result is 
replaced into equation.(4) and at third  step the result of second step is inserted into equation 
(3) and we compute,  𝐹𝐷+ 𝐻𝑒3  and  𝐹𝐷+𝐷  in  D+3He reaction at step 4 we use these parameters 

for  determining of  𝜑𝐷+𝐷 𝑎𝑛𝑑𝜑𝐷+ 𝐻𝑒3 .Finally, results are delivered by the last step inserted 

inEq.(7) and thus we have  the numerical values of  𝜀𝐷+ 𝐻𝑒3 ,𝜀𝐷+𝐷  in D+3He for 1026 ≤

𝑛𝑒(𝑐𝑚−3) ≤ 1028  [25] , 0 ≤ 𝑇𝑒(𝑘𝑒𝑉) ≤ 200  and  deuteron energy E, with range of 0 ≤

𝐸(𝑀𝑒𝑉) ≤ 10. Also under these conditions we can calculate the deuteron stopping range and 
stopping time by using equations(8) and (9)for D+3He mixture .These parameters are denoted 
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respectively by, 𝑡𝑆𝐷+ 𝐻𝑒  3 ,𝑅𝑆𝐷+ 𝐻𝑒3 .The given numerical results are given in Figs.5 to 12. 

Figure.5 show the results of our calculations of  𝜑𝐷+ 𝐻𝑒  3 , 𝜑𝐷+𝐷  ,𝜀𝐷+ 𝐻𝑒3 and𝜀𝐷+𝐷  in the case of 

𝑛𝑒 = 1026 𝑐𝑚−3 . Please note that in order to have a better comparisonof the numerical values 
of 𝜑𝐷+ 𝐻𝑒  3 , 𝜑𝐷+𝐷  ,𝜀𝐷+ 𝐻𝑒3 and𝜀𝐷+𝐷 in each cases and stressing out theirchanges with 

temperature and electron densitywe show their maximum values in Table.2. From Figure.5 we 
see that multiplication factors  𝜑𝐷+𝐷 ,𝜑𝐷+ 𝐻𝑒3   increase by increasing temperature from 1 to 

200keV (resonance temperature of D+3He) The value of total energy deposited in hot spot 
(𝜀𝐷+ 𝐻𝑒3 and 𝜀𝐷+𝐷 ) by increasing temperature from 1 to 200keV increases(see Table.2). Also 

,the value of  total energy deposited by increasing deuteron energy in range of 0 to 10000keV 
increases(see Figure.5). By increasing electron density from 𝑛𝑒 = 1026 to 1028 (𝑐𝑚−3) the 
amount of total deposited energy of 𝜀𝐷+ 𝐻𝑒3  and 𝜀𝐷+𝐷  and also the amount of multiplication 

factors𝜑𝐷+ 𝐻𝑒3  and  𝜑𝐷+𝐷  are decreased(see Table.2). Comparing numerical values of 

multiplication factors  𝜑𝐷+𝐷 and  𝜑𝐷+ 𝐻𝑒3  we can say that  𝜑𝐷+𝐷  is higher than 𝜑𝐷+ 𝐻𝑒3  

.Therefore the total energy deposited 𝜀𝐷+𝐷 is higher than 𝜀𝐷+ 𝐻𝑒3  (see Table.2). From 

Figure.6,we see clearly that the stopping time remarkablyincreases by increasing temperature 
from 1keV to 200keV , also  𝑡𝑆𝐷+ 𝐻𝑒3  increases by increasing deuteron energy. We must notice 

that the values of  𝑡𝑆𝐷+ 𝐻𝑒3  is reduced   by increasing electron density, 𝑛𝑒  ,from 1026to 

1028(𝑐𝑚−3).In the 3 D pictures, the temperature-dependence of𝑡𝑆𝐷+ 𝐻𝑒3 is manifest. Numerical 

results of 𝑡𝑆𝐷+ 𝐻𝑒3  show that stopping time increases with temperature. The effect of helium-3 

density (𝑛 𝐻𝑒3 ) from 1022to 1024(𝑐𝑚−3) is important on the value of 𝑡𝑆𝐷+ 𝐻𝑒3  and in this range 

this quantity is reduced (by factor O(10) to O(100). In Figs.7-9  show that stopping range 
(𝑅𝑆𝐷+ 𝐻𝑒3 ) strongly increases with temperature from 1 to 200keVand  also deuteron energy is 

an effective parameter on the stopping power such that by increasing this energy 𝑅𝑆𝐷+ 𝐻𝑒3  is 

increased. But the numerical values of  𝑅𝑆𝐷+ 𝐻𝑒3   are decreased by increasing electron density  

𝑛𝑒  from 1026  to 1028𝑐𝑚−3. The other parameter affects the numerical values of 𝑅𝑆𝐷+ 𝐻𝑒3 is 

target density (𝜌). If 𝜌 changes from 0.5 to 2.5(𝑚𝑔 cm3 )[27], stopping range is increased. Also 
,the other effective parameter decreasing stopping range is,𝑛 𝐻𝑒3 . Our calculation shows that by 

changing 𝑛 𝐻𝑒3  from 1022to 1024𝑐𝑚−3 ,𝑅𝑆𝐷+ 𝐻𝑒3  is decreased by one or two orders of 

magnitude. 
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Figure 5: The two dimensional  variation of  a)    𝜑𝐷+ 𝐻𝑒3     b)  𝜑𝐷+𝐷    c)  𝜀𝐷+ 𝐻𝑒3      d) 𝜀𝐷+𝐷    

in terms of deuteron energy at different temperature in D+3He mixture for 𝑛𝑒 = 1026𝑐𝑚−3. 
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Figure 6: Three dimensional variations of stopping time versus electron density and 
deuteron energy at different temperatures in different density of  3He  a) 𝑛 𝐻𝑒3 =

1022(𝑐𝑚−3) b)   𝑛 𝐻𝑒3 = 1023(𝑐𝑚−3)  c)𝑛 𝐻𝑒3 = 1024(𝑐𝑚−3). 

a) ρ = 0.5 (𝑚𝑔 cm3 )andn 3
He

= 1022(cm−3) 

 
b) ρ = 1 (𝑚𝑔 cm3 )andn 3

He
= 1022(cm−3) 
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c) ρ = 2.5 (𝑚𝑔 cm3 )andn 3
He

= 1022(cm−3) 

 
Figure7: The three dimensional variations of stopping  range  versus electron density and 
deuteron energy at different temperatures for three cases a) ,b) and c)   in D+3He mixture. 

a) ρ = 0.5 (𝑚𝑔 cm3 )and 23 3

3
He

10 (cm )n   

 

b) ρ = 1 (𝑚𝑔 cm3 )and 23 3

3
He
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c) ρ = 2.5 (𝑚𝑔 cm3 )and 23 3

3
He

10 (cm )n 

 

 
Figure 8: The three dimensional variations of stopping  range  versus electron density and 
deuteron energy at different temperatures for three cases a) ,b) and c) in D+3He mixture. 
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c) ρ = 2.5 (𝑚𝑔 cm3 )and 24 3

3
He

10 (cm )n   

 
Figure 9: The three dimensional variations of stopping  range  versus electron density and 
deuteron energy at different temperatures for three cases a) ,b) and c) in D+3He mixture. 

BALANCE EQUATIONS OF DEUTERIUM-HELIUM3 MIXTURE 

The following system of equations is used to describe the temporal evolution of plasma 
parameters averaged over the volume (the density of deuterium ions 𝑛𝐷  ,density of 
helllium-3 ions 𝑛 𝐻𝑒3 , density of thermal alpha-particles 𝑛𝛼  , plasma energy E ), for D+3He 

nuclear fusion  reaction  : 
𝑑𝑛𝐷

𝑑𝑡
= −

𝑛𝐷

𝜏
𝑃

−  𝑛𝐷𝑛 𝐻𝑒3  𝜍𝑣 𝐷+ 𝐻𝑒3 + 𝑆𝐷                                                  (10 − 1)  

𝑑𝑛 𝐻𝑒3

𝑑𝑡
= −

𝑛 𝐻𝑒3

𝜏
𝑃

−  𝑛𝐷𝑛 𝐻𝑒3  𝜍𝑣 𝐷+ 𝐻𝑒3 + 𝑆 𝐻𝑒3                                     (10 − 2) 

𝑑𝑛𝛼

𝑑𝑡
= −

𝑛𝛼

𝜏
𝛼

+ 𝑛𝐷𝑛 𝐻𝑒3  𝜍𝑣 𝐷+ 𝐻𝑒3                                                               (10 − 3)                            

The energy balance is given by 
𝑑𝐸

𝑑𝑡
= −

𝐸

𝜏
𝐸

+ 𝑄𝛼𝑛𝐷𝑛 𝐻𝑒3  𝜍𝑣 𝐷+ 𝐻𝑒3 − 𝑃𝑟𝑎𝑑                                             (10 − 4) 

𝑆𝐷 , and 𝑆 𝐻𝑒3 are the source terms  which give us the fuel rates; 𝜏
𝛼

, 𝜏
𝑃

, and 𝜏
𝐸

are the 

lifetimes of thermal alpha-particles, deuterium and hellium-3, and the energy  
confinement time, respectively, also the energy of the alpha particles is:𝑄𝛼 = 3.52𝑀𝑒𝑉 =
3.6 × 106 × 1.6 × 10−19𝐽 .The radiation loss 𝑃𝑟𝑎𝑑 is given by: 

𝑃𝑟𝑎𝑑 = 𝑃𝑏𝑟𝑒𝑚 = 𝐴𝑏𝑍𝑒𝑓𝑓𝑛𝑒
2 𝑇                         (11) 

where𝐴𝑏 = 5.35 × 10−37 𝑊𝑚3

 𝑘𝑒𝑉
is the bremsstrahlung radiation coefficients. No explicit 

evolution equation is provided for the electron density 𝑛𝑒  since we can obtain it from the 
neutrality condition  𝑛𝑒  = 𝑛𝐷  + 𝑛 𝐻𝑒3 +2𝑛𝛼   , whereas the effective atomic number, the total 

density and the energy are written as: 

𝑍𝑒𝑓𝑓 =
 𝑛𝑖𝑖 𝑍𝑖

2

𝑛𝑒

=
𝑛𝐷 + 𝑛 𝐻𝑒3 +4𝑛𝛼  

𝑛𝑒

                      (12) 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 168 

 

 

where , 𝑍𝑖  is the atomic number of the different ions. The fusion energy gain is defined as 

: 𝐺(𝑡) =
𝐸𝑓(𝑡)

𝐸𝑑𝑟𝑖𝑣𝑒𝑟
 , where 𝐸𝑓(𝑡) is equal to the energy due to  the number of occurred fusion 

reactions in target in terms of time and 𝐸𝑑𝑟𝑖𝑣𝑒𝑟  is the required energy for triggering fusion 
reactions in hot spot and is equal to 4MJ[24]. Also the fusion power density for D+3Hereaction 
is given by𝑃𝐷+ 𝐻𝑒3 = 𝑛𝐷(𝑡)𝑛 𝐻𝑒3 (𝑡) < 𝜍𝑣 >𝐷+ 𝐻𝑒3 𝑄𝐷+ 𝐻𝑒3 where 𝑄𝐷+ 𝐻𝑒3 = 18.3MeV. We solve 

equations (10-1) , (10-2) , (10-3) and (10-4) in dynamical state (time-dependent density of atoms) 
with the use of computers (programming, Maple-15) under available physical conditions .Our 
computational  obtained results are given in Figs.10 to 12.From Figs.10 to 12 we see clearly that 
,by increasing temperature from 1 keV to 200keV the variations of deuterium and helium-3 
density in terms of time  (𝑛𝐷 𝑡 , 𝑛 𝐻𝑒3  𝑡 ) are decreased since by increasing time the 

consumption rate of 𝑛𝐷 𝑡  and 𝑛 𝐻𝑒3  𝑡  are increased.But the changes of 𝑛𝐷 𝑡  and 𝑛 𝐻𝑒3  𝑡 ,in 

all temperature are similar and as we see in Figs.10 to 12 they coincide each other. لطفا چک 

 Thus, by increasing temperature 1keV to 200keV the variations of alpha density (𝑛𝛼 𝑡 )شٌد
versus time at first by increasing time is increased and then decreased while the production 
rate of fusion plasma energy (𝐸𝑓(𝑡)) increases and is maximized at resonant temperature of 

200keV,because at this temperature the highest number of D+3He fusion reaction occurs.The 
numerical values of  these quantities (𝑛𝛼 𝑡  and 𝐸𝑓(𝑡)) are decreased at temperature higher 

than 200keV since temperature 200keV is resonant temperature for D+3He mixture .Also, our 
calculations show  that  by increasing the injection rate of deuterium and helium-3 
(𝑆𝐷𝑎𝑛𝑑𝑆 𝐻𝑒3 ) from 1022  to 1024𝑐𝑚−3 the rate of variations of  𝑛𝐷 𝑡  and 𝑛 𝐻𝑒3  𝑡  in terms of 

time are increased while 𝑛𝛼 𝑡  and 𝐸𝑓(𝑡) increase. We expect that at this temperature, energy 

gain and fusion power density are maximized .Therefore ,for the calculation of 
theseparameters we use of 𝑆𝐷 = 𝑆 𝐻𝑒3 = 1024𝑐𝑚−3(see Table.3). 

 
Figure 10: The two dimensional variations of  deuterium , helium-3 and alpha particles 
densities and plasma energy in terms of time at different temperatures for D+3He mixture 
under choosing   S 𝐻𝑒3 = 0.20 × 1022(𝑐𝑚−3) and SD = 0.63 × 1022 𝑐𝑚−3 . 
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Figure 11: The two dimensional variations of  deuterium , helium-3 and alpha particles 
densities and plasma energy in terms of time at different temperatures for D+3He mixture 
under choosing  S 𝐻𝑒3 = 0.20 × 1023(𝑐𝑚−3) and SD = 0.63 × 1023 𝑐𝑚−3 . 

 

 
Figure 12: The two dimensional variations of  deuterium, helium-3 and alpha particles 
densities and plasma energy in terms of time at different temperatures for D+3He mixture 
under choosing     S 𝐻𝑒3 = 0.20 × 1024(𝑐𝑚−3) and SD = 0.63 × 1024 𝑐𝑚−3 . 
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Table.2: Maximum numerical values of total energy deposited in D+3He mixture at 
different temperature for  1026 ≤ 𝑛𝑒(𝑐𝑚−3) ≤ 1028. 

 
 
Table.3: Time dependent  numerical values of  fusion power density and target energy gain. 

D+3He 

SD = 0.63 × 1024 𝑐𝑚−3  , 3 He
S = 0.20 × 1024(𝑐𝑚−3) 

𝐺𝐷+ 𝐻𝑒3 (𝑡) 
𝑃𝐷+ 𝐻𝑒3  𝑡 (

𝑊

𝑐𝑚3) 
t (s) Te  (keV) 

0.0057096E-22 450.12E15  10−20  15 

0.57096E-16 204.35E11  10−11  15 

2.7702E-8 180.05E-8 60 15 

0.047945E1 180.05E-8 110 15 

0.0062723E-22 2127.69E16  10−20  50 

0.62713E-16 965.87E12  10−11  50 

3.0428E-8 851.07E-7 60 50 

0.052664E1 851.07E-7 110 50 

0.035428E-22 639.25E17  10−20  100 

3.5422E-16 290.13E13  10−11  100 

1.7186E-7 255.73E-6 60 100 

0.29745E1 255.73E-6 110 100 

0.051412E-22 920.77E17  10−20  200 

0.51397E-15 417.87E13  10−11  200 

2.4982E-7 368.31E-6 60 200 

0.47692E1 368.31E-6 110 200 

CONCLUSION 

The advantages of D+3He over D+T appear as  full-lifetime materials ,reduced radiation 
damage ,less activation ,absence of tritium breeding blankets ,highly efficient direct energy 
conversion ,easier maintenance, proliferation resistance .D+3He reaction is very attractive 
from a theoretical point of view since it does not produced neutrons. A D+3He fueled 
fusion reactor would also possess substantial safety and environmental advantages over 
D+T. Efficient D+3He fusion energy would benefit terrestrial electricity ,space power , and 
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space propulsion. Fusion using D+3He fuel requires significant physics developments 
particularly for plasma confinement in high performance alternate fusion concept. 
Economically  accessible3He on earth exists in sufficient quantities (a few hundred kg 
,equivalent to few thousand MW-years of fusion power ) for an engineering test . In a 
D+3He fuel mixture D+D reaction fusion also occursThe main difficulties for D+3He 
reaction are the high temperature conditions and the scarceness of 3He on earth. 
Therefore,from the abovediscussion we select the D+3He mixture and estimate 
dynamically energy gain by calculating the deuteron beam energy deposited in the fuel 
target. The deposited energy can reduce laser driver energy. Our calculations show that  
at200keV (resonant temperature) the maximum number of fusion reactions are obtained. 
and the energy gain is maximized. The maximum calculated energy gain under optimum 
conditions SD = 0.63 × 1024 𝑐𝑚−3  , S 𝐻𝑒3 = 0.20 × 1024(𝑐𝑚−3) and resonant temperature 

200keVand  t= 110s  is approximately equal to 4.77. 
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ABSTRACT 

Kailastila gas field located at Golapgonj, Sylhet is one of the 
largest gas fields in Bangladesh. It produces a high amount 
of condensate along with natural gas. For the high values 
of GOR, it may be treated as a wet gas at reservoir 
condition. Three main sand reservoirs are confirmed in this 
field (upper, middle & lower).In this study, it has been 
shown that reservoir parameters of this gas field can be 
obtained for multilayered rectangular reservoir with 
formation cross-flow using pressure and their semi log 
derivative on a set of dimensionless type curve.The effects 
of the reservoir parameters such as permeability, skin, 
storage coefficient, and others such as reservoir areal extent 
and layering on the wellbore response, pressure are 
investigated.Shut in pressures are used in calculating 
permeability, skin factor, average reservoir pressure, 
wellbore storage effect and other reservoir properties. The 
direction of the formation cross flow is determined, first by 
the layer permeability and later by the skin factor.Finally, it 
is recommended to perform diagnostic analysis along with 
multilayer modeling to extract better results.Reservoir can 
also be considered as a multilayer cylindrical and can also 
use these models for other fields. 
 
Keywords: Pressure derivative analysis, skin factor, 
wellbore storage, permeability, multilayer 
 

INTRODUCTION 

Kailastila gas field is one of the largest gas producing fields in Bangladesh. The objectives 
of this study are to estimate reservoir properties by performing diagnostic analysis and to 
create multilayer model of Kailastila gas field. 
A common practice for development of multilayer gas and gas condensate fields involves 
wells producing commingled fluids from several formations that comprise one production 
target. For example, in West Siberia, multilayer fields producing from two or five or more 
formations are included in the commingled production zone. Although this practice can be 
economical in that it decreases the number of wells per field, simultaneous production 
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from several formations similar reservoir properties (thickness, permeability, porosity and 
initial gas saturation), in many cases it is necessary to include a formation with 
considerably different thickness and permeability values. Such a variance in reservoir 
properties can lead to uneven damage and rapid depletion of more permeable formations. 
In this case, a well shutdown is accomplished by gas cross flow between formations 
(Shandrygin etl, 2010). 
In this study multilayer modeling is created for three layers by using Bourdet model. The 
direction of the formation cross flow is determined, first by the layer permeability and 
later by the skin factor.Well test data has often been interpreted based on an assumption 
that the reservoir is a homogeneous single layer. However, many reservoirs are found to 
be composed of a number of layers whose characteristics are different from each other. 
Wells in such reservoirs may produce from more than one layer (Bourdet etl, 1989). This 
kind of pressure behavior which indicates vertically heterogeneous system is not 
necessarily like that of a single layered system, and seldom reveals more than the average 
properties of the entire system. To identify the characteristics of the individual layers is 
important to extract better results. 

GAS PRODUCTION FROM MULTILAYER RESERVOIR 

MODEL ASSUMPTION 

Modeling is the process of history matching of pressure transient data based on a 
mathematical model. It is important to analyze the pressure transient data before 
modeling because it forces the analyst to think about the probable reservoir configurations 
and provides good estimates of reservoir parameters (Fekete, 2009). Multilayer modeling, 
a tool based on theoretical background, simulates the pressure responses in a multilayered 
well within a rectangular shaped reservoir with homogeneous characteristics in individual 
layer. 
The model used here to describe multi-layer reservoir was developed by D. Bourdet. It is 
based on the following assumptions: 
       -The fluids flow horizontally each layer. 
       -The vertical flow between the three layers is instantaneously pseudo-steady state. 

MODEL DESCRIPTION 

Two different multilayered reservoir models have been proposed, depending on the 
presence or absence of interlayer cross flow. A multilayered reservoir is called a cross flow 
system if fluid can move between layers and a commingled system if layers communicate 
only through the wellbore.In this study, commingled system is used. This model simulates 
the transient flow in any number of independent layers commingled at the wellbore.  Each 
layer is considered to have a rectangular geometry with an identical initial pressure (pi) to 
other layers as well as its own skin factor, reservoir properties, and outer boundary 
condition (Perk, 1989). 
The reservoir with multi layers is characterized by its: 
      -net thickness 
      -porosity 
      -saturation 
      -pore compressibility 
      -horizontal permeability 
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      -vertical permeability 
      -skin 
The main parameters that are involved in this model are: 
-Total reservoir transmissivity 
kh = k1h1 + k2h2 + k3h3 
-The skin of each layer: S1, S2, S3 
-Total reservoir capacity, φct 
-Capacity contrast between three layers, ω (Bourdet etl, 1989). 
In this study, It is attempted to match the semi log curve mainly, then derivative type 
curve and dimensionless type curve to get a good model match with reservoir parameters 
but it does not attempted to match the wellbore storage regime because the buildup shows 
some transients occurring while the was shut-in and the wellbore storage effect could not 
be captured analytically analysis. 

PRESSURE DERIVATIVE ANALYSIS WITH MULTILAYER MODELING 

Several methods can be considered in testing a multilayer model. They do not all allow the 
individual characteristics of each layer to be determined. Each layer has been tested 
separately. 
The values of parameter obtained during the analysis step provide a good starting point 
for an appropriately chosen model type. Parameters can then be optimized by automatic 
parameter estimation (APE).  Before using the APE method, corrupted data should be 
removed from the data set to prevent the attempted match from invalid points (Fekete, 
2009). 
The pressure build-up test, type curve analysis, Dietz_MBH method and multilayer 
modeling are used to complete this study. Permeability and skin due to damage are 
estimated by build-up test of radial analysis by developing semi log and derivative type 
curves. These values of parameters are used as input parameters for Dietz_MBH method. 
The Dietz_MBH method gives the output values of reservoir areal extents and these areal 
extents again used as input parameters for Dietz_MBH method and finally the average 
reservoir pressure is estimated..Multilayer modeling is created by adding three layers. The 
properties of these three layers such as permeability, thickness, compressibility, viscosity, 
and capacity contrast ω and exchange term λ are inserted. Then multilayer model is 
created. 
Figure 1, 2, 3, 4, 5 and Figure 6 illustrates the multilayer model analysis results for the 
KTL-01, KTL-02 & KTL-04 in graphical form. From Figure- 1, 3 &5 it is seen that the 
modeled pressure line well matched with reservoir original pressure data points except 
slight deviation in the tail portion. Figure 2, 4 & 6 of derivative type curves shows all three 
pressures, pressure derivative and dimensionless pressure derivative model curves near 
closely fitted with corresponding reservoir data points.  

INFLUENCE OF RESERVOIR PROPERTIES ON PRODUCTION  

In this section I presented a brief discussion on parameters obtained from diagnostic 
analysis, vertical model analysis, and multilayer model analysis. From table 4, it is 

obtained that the total skin effect (𝑆 ) is negative for well KTL-01.For well KTL-02, total 
skin effect is positive. Total skin effect for well KTL-04 is positive and greater than KTL-
02.These total negative skin indicates the well can be either stimulated or damaged. 
Because all the skin components that contribute to the total skin are always non-negative 
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(i.e. are zero or positive) except for skin due to damage (Sd). The positive skin for KTL-02 
and KTL-04 cannot give us clear information that it is damaged because the skin 
components have not been analyzed. 
The average reservoir pressure, Pavg (3501.1.psia) for KTL-01 and Pavg(3489.7) for KTL-04 
from Dietz_MBH analysis in Table 7.1 and Table 7.3 are closer to initial reservoir pressure 
indicate that the reservoir is at its early stage of production. In case of KTL-02 the average 
reservoir pressure is greater than the initial reservoir pressure. This is due to either for 
error in data recording during test. 
The areal extents show the reservoir is rectangular in shape which is consistent with 
assumption.  
The estimated parameters are tabulated here from pressure semi log plots, pressure 
derivative type curve and dimensionless type curve. The resultant values of a specific 
parameter obtained from all analysis methods are same so they are not repeated. 
Extrapolated pressure, P*= 3503.3 psia for KTL-01, P*= 3222.1 psia for KTL-02 and P*= 
3489.7 for KTL-04 are found for final shut in pressure 3499.29 psia,3221.1 psia and 3488.9 
respectively. 
A multilayered system with formation cross flow responds to the production in three 
progressive stages. It behaves like a commingled system at early time and like an 
equivalent homogeneous system at late time (the semi-log straight line in the pressure 
curve). Transition occurs in the intermediate stage. The direction of the cross flow is 
governed first by the permeability and next by the skin factors. The cross flow starts from 
the less permeable layer to the more permeable layer in the beginning and from the layer 
with greater skin to the layer with smaller skin later (Perk, 1989). 
From multilayer modeling, it is obtained that the permeability of layer 1 is greater than 
layer 2 and the permeability of layer 2 is greater than layer 3 for KTL-01, KTL-02 and KTL-
04 .On the other hand the skin effect of layer 1 is smaller than layer 2 and layer 2 is smaller 
than layer 3.So the cross flow starts from layer 3 to layer 1 through layer 2.This time it 
behaves like a commingled system (Al-Mansoori, 2007). 
Damage ratio refers that pressure drop due to skin is high. Recovery technique should be 
taken. 
Flow efficiency indicates that the reservoir has fair flow capacity. 

CONCLUSION 

A multilayered system with formation cross flow responds to the production in three 
progressive stages. It behaves like a commingled system at early time and like an 
equivalent homogeneous system at late time (the semi log straight line in the pressure 
curve). Transition occurs in the intermediate stage.The direction of the cross flow is 
governed first by the permeability‘s and next by the skin factors. The cross flow starts 
from the less permeable layer to the more permeable layer in the beginning and from the 
layer with greater skin to the layer with smaller skin later.From this study, it is obtained 
that the permeability of layer 1 is greater than layer 2 and the permeability of layer 2 is 
greater than layer 3 for KTL-01, KTL-02 and KTL-04. On the other hand the skin effect of 
layer 1 is smaller than layer 2 and layer 2 is smaller than layer 3.So the cross flow starts 
from layer 3 to layer 1 through layer 2. This time it behaves like a commingled 
system.According to the diagnostic analysis results, it is sighted that the analysis value of 
permeability of KTL-01, KTL-02 & KTL-04 are 47.5327 md, 690.8167 md, 283.1997 md. It is 
clear that Kailastila is a good reservoir and have good permeability as well as good flow 
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capacity. Finally, Multilayer modeling can be a good tool to estimate reservoir properties 
as it is not possible to acquire the whole reservoir characteristics by investigating only one 
layer. But if multilayer layer modeling is performed it is easy to characterize the whole 
reservoir.    
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NOMENCLATURE 

k = Permeability (mD) 

ф=   Total porosity (fraction)                              
S = skin 
qg =  Gas rate (MMscf / d) 
Pi =   Initial reservoir pressure (psia) 
Pi (syn)= Synthetic initial reservoir pressure (psia) 
P* = Extrapolated pressure (psia) 
pR=Averagereservoir pressure (psia) 
pb = Base pressure (14.696psia) 

Δpskin = Pressure drop due to skin (psia) 
Pw= Wellbore pressure (psia) 
pwD =  Dimensionless wellbore pressure 
pwf = Flowing pressure (psia) 
pwfo =Final flowing pressure(psia) 
pws = Shut-in pressure  (psia) 
Ψ=Pp Pseudo-pressure (psi2/cp) 
𝛹∗ = 𝑃𝑝

∗ =Extrapolated pseudo-pressure (psi2/cp) 

ΔΨ=ΔPp=Delta pseudo-pressure (psi2/cp) 

Ψws=Pws= Shut-in pseudo-pressure (psi2/cp) 
𝛹𝑤𝑠

∗  = 𝑃𝑝
∗ =Extrapolated shut-in pseudo-pressure (psi2 /cp) 

A =Drainage area (ft2) 
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Table 1:  General input parameters for KTL-01. All values are taken from the report of AL 
MANSOORI Wireline Services. 

General Input Parameter 

Parameters Values  Remarks 

Well Radius (inches)        4 Provided by Client 

Net Drained Thickness (ft)      65 Interval tested: 9652‘-9655‘, 9658‘-9664‘, 
 9668‘-9722‘ 

Effective Porosity (%)    0.16 Assumed value 

Gas Gravity    0.59 Reported value during the test 

Primary Separator Pressure (Psia) 1000  

Primary Separator Temp (‗F)     70  

CO2 Component (mol %) 0.142 Provided  by  Client 

H2S Component (mol %) Nill Provided  by  Client 

N2 Component (mol %)    N/A Provided  by  Client 

Water Salinity (ppm) 10000 Assumed value 

Initial Reservoir Pressure (Psia)  3515 From the PTA 

Initial Reservoir Temp (‗F)  166.3 From the Temperature Gauge 

Rock Compressibility (psi-1)   N/A Not relevant 

Gas Saturation(%)    64 Provided by Client 

Gas Viscosity(µg)  0.0196 Calculated value 

Gas compressibility factor(z)   0.856 Calculated value 

Connate water saturation (%)    36 Provided  by Client 

 
Table 2: General input parameters for KTL-02.All values are taken from the report of AL 
MANSOORI Wire line Services. 

General Input Parameters 

Parameters Values  Remarks 

Well Radius (inches)      3.5 Provided by Client 

Net Drained Thickness (ft)      40 Interval tested: 7390‘-7430‘ 

Effective Porosity (%)     0.16 Assumed value 

Gas Gravity   0.586 Reported value during the test 

Primary Separator Pressure (Psia)   1000  

Primary Separator Temp (‗F)     70  

CO2 Component (mol %)    0.139 Provided by Client 

H2S Component (mol %) Nill This value is not available 

N2 Component (mol %)    N/A This value is not available 

Water Salinity (ppm)   10000 Assumed value 

Initial Reservoir Pressure (Psia)   3221 From the PTA 

Initial Reservoir Temp (‗F)   145.11 From the Temperature Gauge 

Rock Compressibility (psi-1)   N/A Not relevant 

Gas Saturation    85 Provided by Client. 

Gas Viscosity(µg)   0.0192 Calculated Value 

Gas compressibility factor(z)   0.884 Calculated Value 

Connate water saturation (%)    15 Provided by Client. 
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Table 3: General input parameters for KTL-04.All values are taken from the report of AL 
MANSOORI Wire line Services. 

General Input Parameters 

Parameters Values  Remarks 

Well Radius (inches)       3.5 Provided by Client 

Net Drained Thickness (ft)       69 Interval tested: 9610‘-9673‘ and 9696‘-9702‘ 

Effective Porosity (%)       0.1 Assumed value 

Gas Gravity     0.586 Reported value during the test 

Primary Separator Pressure (Psia)     1000  

Primary Separator Temp (‗F)       70  

CO2 Component (mol %)    0.1432 Provided by client 

H2S Component (mol %) Nill This value is not available 

N2 Component (mol %)      N/A This value is not available 

Water Salinity (ppm)    10000 Assumed value 

Initial Reservoir Pressure (Psia)     3491 From the PTA 

Initial Reservoir Temp (‗F)    162.7 From the Temperature Gauge 

Rock Compressibility (psi-1)      N/A Not relevant 

Gas Saturation (%)       64 Provided by client 

Gas Viscosity(µg)   0.0198 Calculated Value 

Gas compressibility factor(z)   0.911 Calculated Value 

Connate water saturation (%)       36 Provided by client 

 
Table 4: Multilayer model analysis value for KTL-01, KTL-02 & KTL-04 

Well No.            KTL-01                         KTL-02                        KTL-04 

Parameters Layer 1  
Value 

Layer 2 
Value 

Layer 3  
Value 

Layer 1  
Value 

Layer 2 
Value 

Layer 3  
Value 

Layer 1  
Value 

Layer 2 
Value 

Layer 3  
Value 

P(avg.)(psia) 3493.0 3493.0 3493.0 3221.3 3221.3 3221.3 3490 3490 3490 

P*(psia) 3492.8 3492.8 3492.8 3219.9 3219.9 3219.9 3488.7 3488.7 3488.7 

P(syn)(psia) 3493.6 3493.6 3493.6 3221.9 3221.9 3221.9 3490.7 3490.7 3490.7 

CD .165 .165 .165 23015.52 23015.52 23015.52 2074.818 2074.818 2074.818 

K(md) 43   46   43 610   600   605   110   100    90 

 h (ft)   66   63   60   40    37   36     69    67     70 

Kh(md.ft) 2838 2898 2640 24400 22200 21780 7590 6700 6300 

Sd -3.311 -2.50 -3.010     11 14 16     3   4   5 
ω    0.1 0.08 0.09    0.1 0.6 0.9    0.1 0.8   0.9 
λ 1.00e-06 1.5e-06 1.0e-06 1.00e-06 1.4e-06 1.6e-06 1.00e-06 1.5e-06 2.0e-06 

Xe(ft) 12700 12790 12810 11820 11823 11833 11822 11831 11836 

Ye(ft) 2180 2190 2200 2370 2374 2385 2370 2379 2387 

Xw(ft) 6250 6325 6380 5910 5920 5927 5315 5327 5340 

Yw(ft) 1011 1030 1042 1185 1189 1194 1183 1189 1190 

 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 179 

 

 

 
Figure-1: Semi log plot of multilayer model for pressure buildup test of KTL-01 

 

 
Figure-2: Pressure, Pressure derivative and Dimensionless pressure during buildup and 

multilayer model for KTL-01 
 

 
Figure-3: Semi log plot of multilayer model for pressure buildup test of KTL-02 
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Figure-4: Pressure, Pressure derivative and Dimensionless pressure during buildup and 

multilayer model for KTL-02 
 

 
Figure-5: Semi log plot of multilayer model for pressure buildup test of KTL-04 

 

 
Figure-6: Pressure, Pressure derivative and Dimensionless pressure during buildup and 

multilayer model for KTL-04 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 181 

 

 

 
 

 
 

 



Asia Pacific Journal of Energy and Environment, Volume 1, No 2 (2014)                                                                                                                                 

Asian Business Consortium | APJEE Page 182 

 

 

 

 Rd 4, Shyamoli, Dhaka-1207, Bangladesh 
 Off Pantai Dalam, Kuala Lampur, Malaysia 

 3900 Woodhue Place, Alexandria, VA 22309, USA 
 

www.abcreorg.weebly.com   /   www.abcjournals.net 

 

Asian Business Consortium (ABC) is a multi-disciplinary research, training, publishing, digital 
library supporting and service house. Though founded in 2010 as the Business and Computing 
organization of Asia, it was reconstituted as the ABC in 2011. It has been working for creating 
and nurturing talents in USA, Malaysia and Bangladesh since its inception. As ABC is going 
global, it intends to open chapters in Australia, Germany, Japan, Pakistan, and other Asian 
countries in near future. The objectives of consortium are solely centered round the welfare and 
humane attitude of the founders who enthusiastically took up this noble cause and materialized 
it with a view to promote research and educational activities for the encouragement of scholars 
to develop their knowledge, to publish their analysis oriented scientific researches in 
international Journals, books, the task of organizing workshops, seminars, conferences, 
training, personality development programs and allied services.  
In addition to research activities, ABC provides a good number of scholarships to the poor and 
meritorious students at various levels of education throughout the world. It plays an important 
role in the field of research by funding research projects and publishing the research papers. 
This consortium will unquestionably become the mouth-piece of the dark horses and 
unacknowledged scholar whose endowed and commendable contributions shall be provided 
an outlet keeping in mind the greater good of the larger society of the world. 
ABC runs the following international referred journals for creating a platform to share the 
thoughts of professionals, scholars and academicians throughout the world.  
 

ABC Publications (ABC Journals) 

 Asian Accounting and Auditing Advancement (4A Journal) 

 Asian Business Review (ABR)  

 Asian Journal of Applied Sciences and Engineering (AJASE)  

 Global Disclosure of Economics and Business (GDEB) 

 ABC Journal of Advanced Research (ABC-JAR)  

 International Journal of Reciprocal Symmetry and Theoretical Physics (IJRSTP)  

 American Journal of Trade and Policy (AJTP)  

 Asian Journal of Humanity, Art and Literature (AJHAL) 

 Malaysian Journal of Medical and Biological Research (MJMBR) 

 Asia Pacific Journal of Energy and Environment (APJEE) 

 Engineering International (EI)  

 ABC Research Alert (Online) 
Each journal home page provides specific information for potential authors and subscribers. 
Open access policy, the quick review process, rich editorial boards and quality publications 
have already made ABC Journals unique. ABC Journals are published under the direct 
supervisions of renowned academicians of the world. 
Collaboration in Conference: ABC considers high-quality conference papers for publication. 
Please contact us for detailed information. 
Collaboration in Publishing: If you like to start writing a book, propose a new journal 
or advertise in ABC journals, please feel free to contact us. 
 
 

http://www.abcreorg.weebly.com/
http://www.abcjournals.net/

	OLE_LINK4
	B211350C
	B211075J
	page29
	page31
	page33
	page35
	page37
	page41
	page43
	page45
	page47
	page49
	page51
	page53
	page55
	page57
	page59
	page61
	page69
	page71
	page73
	page79
	page81
	page83
	page85
	page91
	page101
	page103
	page105
	page109
	page117
	page123
	page125
	page127
	page131
	page133
	page135
	page141
	page143
	x
	page145

