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rigorous research on a variety of aspects that include sustainable 

effort, stock dynamics, bio-economic equilibrium and related aspects, 
diversity of marine biota,  impact of climate change on marine 
ecosystem, prospective sources of future growth, policy aspects and so 
on. In this endeavor, social sciences play a major role in understanding 
and delineating the inter-linkages of human behavior vis-à-vis the 
environmental and biological processes in the realm of marine 

provides livelihoods to over 40 lakhs of coastal inhabitants in the 
country. A stream of topics that encompasses valuation of marine 

of total factor productivity, market dynamics, technology transfer, 
gender-mainstreaming and related studies therefore reserve their 

disciplinary domain of science.

I am happy that the SEETT Division of CMFRI has taken a lead in 
developing a manual on “Methodological Tools for Socioeconomic and 
Policy Analysis in Marine Fisheries” which is an earnest effort from 
the Division in lucidly presenting the most common techniques which 

sector. I hope that this manual would play a fruitful role in presenting 
the relevance of socio-economic concepts and tools in better 

in other disciplines leading to better integration between social and 

editors and the contributors for taking the initiative and wish them all 
success in their future endeavors. 

14.02.17   A. Gopalakrishnan
Cochin     Director, CMFRI

Foreword
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sciences and social sciences were independent with limited integration 
leading to the lower level of adoptions of the technologies by the end 
users. The recent trend in developing inter and multi-disciplinary 
research initiatives has ensured that the research developments/ 
outputs gets to the end user in the shortest time and in the  end with an 
exit strategy of where they can apply to on a day to day basis. Fisheries 
sector hosting a gamut of entrepreneurship venture corroborates the 
importance of technical knowhow in project planning, formulation 
and implementation. Fish business can never shrug off away from its 
economics phenomenon operating in the present scenario. The socio-

export concerns, marketing and international trade and the like 

importance of going hand in hand in developing new techniques in 

The manual titled “Methodological Tools for Socioeconomic 
and Policy analysis in Marine Fisheries” includes fourteen  chapters 
which are centred among four major areas which are integral part 

relating to climate change and vulnerability. These are being dealt with 
a view that researchers from non-economic background without the 
help of social scientists can do a justifying work to their research.

We are thankful to the Director, CMFRI who wholeheartedly 
supported in publishing the manual and we extend our sincere thanks 
to all the contributors division with the timely support extended during 
the preparation of the manual. I wish that this manual will meet the 
requirements and expectations and would serve as a useful handbook 

14.02.17      Editors

Cochin

Preface
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1
ECONOMICS OF FISHING OPERATIONS, FINANCIAL FEASIBILITY 

AND SENSITIVITY ANALYSIS

R. Narayanakumar, Shyam S. Salim and M.S. Madan

Concept

Economics is the basis for life. Every one of us is a practicing economist in himself/herself in life. The 

The economic principle says that wants are unlimited but the means to satisfy them are limited. This is 

requirements are limited. We have to allocate the resources among the competing alternatives, for which 

Economics of Fishing Operations, Financial Feasibility and Sensitivity Analysis



ICAR-Central Marine Fisheries Research Institute

Methodological Tools for Socioeconomic and Policy Analysis in Marine Fisheries

2

bata,
on food, repair and maintenance charges and other incidental costs.

trip. The labourers will also be paid daily bata as a proportion of the gross revenue, which will be included in 

amount is equally shared among all the crew members including the owner. The imputed value of family 
labour should be computed based on the wages for hired labour. The wages for the family labour so derived 
should be added to the total wages while calculating the operating costs.

The fuel cost per trip should be calculated by multiplying the quantity of diesel/ kerosene consumed per trip 

included the maintenance charges of crafts, engines and gears, should be apportioned per trip. It is customary 
to consider the interest on working capital in agricultural enterprises as there will be a substantial time lag 

gross returns per season by multiplying gross returns per trip with the number of trips per season. Later this 
can be scaled up to annual value by adding the values of all the seasons.

The gross returns per trip can be calculated using the formula

  
Where,

th species, 
Xi is the quantity of the ith species caught and

The annual net return is worked out by subtracting the annual total cost from annual gross returns.

The calculation of cost and returns are given in the following table.  This is based on the work done in 
Ramanathapurpam district of Tamilnadu.
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a. Craft

b. Engine

d. Major accessories

e. Minor accessories

67,010 45.15

1,48,420 100

in Rupees)

(in Rupees)

(in Rupees)

2. Fuel 

5. Lubricating oil 

2. Annual operating cost 

7,07,168 100

5. Annual gross revenue 

Economics of Fishing Operations, Financial Feasibility and Sensitivity Analysis
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.

2 5
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at a point of time by incorporating the time value of money.  The different criteria that were employed to 

1.

2.

3.

4.

5.

6.

 

Where,

n

Cn

Economics of Fishing Operations, Financial Feasibility and Sensitivity Analysis
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VT

In = Investment made in year n
d = Discount rate
n = Number of years of economic of investment
T = Terminal year 

BCR = ( ) ( ) ( )( )

average earning capacity are the compound rate of earning of the investment. The mathematical form of IRR 

          IRR = B (1 + r) C (1 + r) + V (1 + r) I (1 + r) = 0
Where, r = internal rate of return

The actual procedure to calculate IRR is by linear interpolation.IRR= Lower discount rates+ Difference between the two rates – NPW at lower discount rateAbsolute difference between the NPWat the two
required rate of return or opportunity cost.

n
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Year Investment 
Cash
out

Total 
cash out 

Discount
factor 

Discounted 
cash Cash Discount

factor 
Discounted Discounted 

Net cash 

2

5

277519 279778

discount
rate

rate

1.01

Sensitivity analysis is a simple technique to assess the effects of adverse changes on a project. It involves 

similar projects.

also be assessed.

Sensitivity analysis should be applied to project items that are numerically large or for which there is 
considerable uncertainty.

The results can be presented together with recommendations on what actions to take or which variables to 
monitor during implementation and operation.

Economics of Fishing Operations, Financial Feasibility and Sensitivity Analysis
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It forces management to identify the underlying variables and their relationships.

It shows how robust or vulnerable a project is to change in underlying variables.

to changes in some variables.

may not shed light on the characteristics of the project.

2. The study of impact of variation in one factor at a time, holds other factors constant, may not be very 

Sensitivity analysis can be done to ascertain the project feasibility at three different stages.

 Increasing cost of capital or interest rate increases

The increasing cost of capital or the interest rate increases can be accounted in the sensitivity analysis by 

  Escalation of cost of the project due to different risks involved

The cost of the projects gets escalated due to the various risk factors involved in the business which include 

stream keeping unchanged.

  Uncertainties resulting due to differences in the price receivables

in the market after the harvests. The uncertainties are basically due to the reason that the factors determining 
prices itself are subjected to changes. The other uncertainties include the yield uncertainty, technological 

the project cost unchanged.  

yield.
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Cost
12% 12% 12% 20% 20% 20% 25% 25% 25%    

2

5

discount rates. 

Cost
12% 12% 12%

Cost 

12% 12%

Cost 

12% 12%

2

5

Economics of Fishing Operations, Financial Feasibility and Sensitivity Analysis
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Cost
12% 12% 12%

of 10% of 20% of30%

2

5
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1.

Mandal /Taluk

Components

Wood/ Steel

2 Engine

Seasons Monsoon

No. of trips/Year

Fishing days / week

Voyage hours/ trip

Closed seasons

Note: SDF: Single Day Fishing; MDF: Multi Day Fishing

Economics of Fishing Operations, Financial Feasibility and Sensitivity Analysis
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Components

2.

Engine

Winch set 

5. Otter board

Ropes

Wireless sets

Eco sounders

Wire rope

Other accessories
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2
TOTAL FACTOR PRODUCTIVITY (TFP):

THEORY AND APPLICATIONS
Aswathy N.

Concept

Total factor productivity is a measure of the productivity of all inputs, or factors of production, in terms of 

of producing output.Technological change is the major determinant of long term economic growth and hence 

There are different arguments on what total factor productivity actually measures. The conventional view is 

economy increases only if more output is produced from a given supply of inputs. Improvements in technology 

as the introduction of electricity, motorcar or technological progress leading to increased agricultural output 

Technological progress or growth of total factor productivity is estimated as a residual from the aggregate 
production function.The aggregate productivity, mean the productivity of unique entities such as nations or 
entire industries.

Total aggregate output is measured as 
capital. and are independently measured while A, and are statistical estimations. A

the relation between measured aggregate inputs and outputs and in this aggregate model these changes are 

. ..to 
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income accruing to labour and capital. ==
Where w is wages paid to labour, and r is the real rental rate of capital.+ = 1

i bChanges in A indicate shifts in the relation between measured aggregate inputs and outputs. In the aggregate 

aggregation over heterogeneity.

of current quantities divided by base year quantities weighted by the average of the base year and current 
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difference in natural logarithms of successive observations of the components and the weights are equal to 

quantity input for each capital service. Thus, no matter how disaggregated are the physical quantities that 

the data available are limited to fairly short time series, which limits the scope for econometric estimation. 

requirements when compared to complicated econometric models.

Where, Xit and X

Sit and S

(Q /Q )( ) /
Where, Qjt and Q

Rjt andR

.

for the period under study. The quantity of diesel consumed was obtained from the diesel subsidy given 

labour days were estimated from the number of boats operated per year and the average number of workers 

Input index = (X /X )( ) /



ICAR-Central Marine Fisheries Research Institute

Methodological Tools for Socioeconomic and Policy Analysis in Marine Fisheries

20

category consisted of traditional wooden canoes without any engine.

The share of inputs in gross value was worked out based on the assumption that these variables contribute more than 
80 percent of the total input cost. The sum of input shares should be equal to 1.The aggregate input quantities were 
weighted by the inputs shares to develop the input indices for each year.

Similarly output indices were worked out based on the quantities  and shares in the total revenue of the  resource 

3.22 6.20 2.88
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3
VALUATION OF FISH ACROSS THE SUPPLY CHAIN

on prices.

strengthened quickly with relatively simple training.

across time periods with its prices realised . 

involves the following steps.  

Step I-Sampling design 

consuming, so from each maritime state, sample landing centres are selected based on the proportion of 
landings and the nearby retail markets were selected for collection of data. These centers could change based 
on the quantum of landings and relevance.
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Step II-Developing schedules

data are tabulated and processed 

Step III -Data collection

species from selected landing centres and retail markets. The mean prices across seasons and year are 

considered outliers due to abnormal suppy / demand were denoted in the schedules and often not considered 
while arriving at mean prices.

Step IV -Analytical Tools 

Conventional tabular, percentage and ratio analysis could be used wherever necessary. The other analytical 
concepts used are described below.

landings at maritime state level and national level were worked out separately. The valuation was done at 
two points namely landing centre level and retail centre level. Also we have four layers of valuation namely 

i j k

Let ijkS  denote species i of jth period at kth location, then 

1 1

m l

i ijk
j k

VS VS

Where  *ijk ijk ijkVS Q P

ijkQ
  is quantity of  species i in jth period at kth location and

ijkP
   is price of  species i in jth period at kth location

2. Valuation at Location level

1 1

n m

k ijk
i j

VL VS

1 1

n l

j ijk
i k

VP VS

1 1 1

n m l

ijk
i j k

V VS
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Landing Centre Valuation

Location Quantity Aggregate Average 
price of all species 

Total species 
valuation 

Average price 
of all species Total species 

Maharashtra

Tamilnadu

Orissa

Daman Diu

31,750 40,095

Interpretation of results 

Location
Qijk ijk VSijk Qijk ijk VSijk

Maharashtra

Tamilnadu

22

Odisha

NA NA

5,47,545 2,186 2,58,607 1,129
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v
challenges ahead.

v

v
paradigms.

v

v

v

v Manual. Central Institute of 
Fisheries Education, Mumbai.

v

v
coastal zone development.
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4
CONSTANT MARKET SHARE AND PRICE SPREAD ANALYSIS

announces the strength of the company, higher sales, lesser efforts to win the market and strict barriers for 
the competitors to entry.

competitiveness, demonstrates the development of the competitiveness and the structure of market share 

demand growing slowly than average, can have a decrease in its aggregate market share even if it maintains 

the most dynamic markets and products in the world trade. 

made it popular in applied international economics. The analysis 

= =
=   

Where 

=

= , 
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t = time.

= +
( ) is decomposed into two 

( ),  and the 
competitiveness effect ( ) 

( ) as a second measurement of competitiveness, 

structure and total world trade are changing over time, but that there is no reason to believe that either the 

rivalry of the ASEAN members and China.

out pattern and trend of trade for the purpose of policy formulation. 
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data of the country can be decomposed into structural, competitive and second order effects according to the 

= × + × + ×
Where,×   is structural effect×   is competitive effect×   is second order effect.

component

Structural 
effect

×
Market effect

× ×
Commodity effect

× ×
country.

Interaction effect
( × × ) ( ×× )

market and commodity effects.

Sub total ×
Competitive 

effect competitive effect
×

competitive effect
× ×
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×

Second
order effect

order effect
( 1) × ×

structural effect.

Dynamic
structural 
residuals

× ( 1) × ×
effect×
structural effect and competitive effect.

component 1992 1996 2000 2004
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same technique, could give a clear picture of the more competitiveness enjoyed by Thailand.

to consumer or user. Marketing is the social process by which individuals and groups obtain what they need 

2.

Any single activity performed in carrying a product from the point of its production to the ultimate consumer 

space and form.

packing, storage, etc.

Marketing channels are routes consisting of intermediaries through which commodities move from producers 
to consumers.

The difference between the price paid by consumer and the price received by the producer for an equivalent 

to consumers.

the produce from the production to the ultimate consumption. 
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.

prices

improvements in quality, or lower costs following from improvements in productivity. 

information for developing policy framework.

the marketing system

5.

rate and retailers price was collected.

Step III: Estimation of the price spread

production to the ultimate consumption. 
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working out the following indicators. 

trends in landings and studying the price behaviour.

2.

Case I: 

Case II: 

kg at ramanattukara market and he provides the transportation charges from chaliyam to ramanattukara 
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Total price paid by the consumers
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Sardine

Sardine

the intermediaries are minimum in the marketing system.

v

tion of marine by catch: Problems and prospects. Journal of Fisheries Economics and Development

v

Tamil Nadu 

v

v

v

v

v

v
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5
PRICE INDEX NUMBER AND ITS APPLICATION IN FISH PRICE 

ASSESSMENT
Shyam S. Salim and Athira N. R.

device to measure change.  Changes are measured from time to time or place to place.

provide the guidelines for formulating policies and arriving at decisions based on the measured change.

at different levels.

across the different periods involves the following steps. 
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5. Choice of average to be used

= × 100
, where

It

t

o

I = × 100 or × 100
, where

It

it io
th th base period.

Qio  =  Quantity of ith

I × 100O
   Or

r
, where

It

it io
th th on the base period 

Qit  = Quantity of ith th period.

I = × 100
It

it io
th th on the base period

Qit = Quantity of ith th period.

Laspeyre’s index for year t × Passche s index for year t

inferences are given below.
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2010 2011 2012 2013 2014 2015

Sharks

2. Rays 55

Oil Sardine

52

5.

Croakers 55

Ribbon Fish

Mackerels 52 55

Quantity

Sharks

2. Rays

Oil Sardine

5.

Croakers

Ribbon Fish

Mackerels

numbers for the landing centre prices were constructed to compare the price across the years and are 
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2011 2012 2013 2014 2015

Sharks

2. Rays

Oil Sardine

5.

Croakers

Ribbon Fish

Mackerels

× 100
× 100

× 100
179.92 × 190.42

as the base 
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v

v

v

v

v

of Fisheries Education, Mumbai
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6
MEASUREMENT OF INSTABILITY IN FISHERIES

S.S. Raju

Concept

The measure that is used to estimate instability in a variable over time should satisfy two minimum properties. 
It should not include deviations in the data series that arise due to secular trend or growth. Two, it should be 
comparable across data sets having different means.

t

t

t

between actual and estimated trend values, and estimating instability based on et. As mean of et is always 

t

t

variable to residuals et t = et  t was used as a measure of instability. 

methodology does not involve actual estimation of trend, computation of residuals and detrending, but all 
these are taken care in the standard deviation of annual growth rate. This method also does not suffer from 

subsequently applied by Larson et al., et al., 

particularly if two sub periods with different dimensions of instability or pooled into one. This is demonstrated 

detrended yield, detrended production and production taken as product of the detrended area and detrended 
et al., et al.,

et al., that
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cent compared to pre green revolution period. If both these sub periods are pooled then instability in yield 

lead to totally different types of inference about effect of improved technology on instability in food grain 

was accompanied by an increase in yield variability, whereas, dividing post green revolution period into two 
sub period shows increase in variability in the initial years of adoption of new technology and a sharp decline 

could be a complete change in the effect of factors like new technology between short and long term.

Almost similar pattern is observed in the case of production of food grains whether we use data on detrended 
production or we use detrended production data obtained by multiplying detrended area and detrended yield. 

et al.,

in post green revolution period compared to pre green revolution period when no distinction is made between 
different sub periods. When a distinction is drawn by splitting post green revolution period into sub periods the 

technology into two phases.

et al.,

t

where, Y  is for the current year/month and,Yt

there are no deviations from trend, the ratio of Y / Yt

 and Yt

et al., et al.,

Tuna Price Instability in Andhra Pradesh – A case study
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S.No.

June

2. July

August

September

5. October

November

December

January

February

March

April

May

June

July

August

September

October

November

December

January

February

22. March

April

May

25. June

July

August

September

October

November

December

January

February

March

April

May

Instability

Instability
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7
COINTEGRATION TECHNIQUE TO DETERMINE MARKET PRICE 

INTEGRATION: APPLICATIONS IN FISHERY SECTOR

stationary if it possesses constant unconditional mean and variance over time. Such series perpetually return 

time series and drawing important conclusions based on such analysis came to light with the publication of 

for stationarity have emerged as an important norm before proceeding to any econometric analysis involving 

through their subsequent works questioned the logic of using only the differenced series in economic models 

original variables are stationary or not. This property of time series variables was denoted by the term 

Let Yt ,...,ynt t

n = + + ~ (0)
t are cointegrated if there is a linear combination of them that is 

only two variables, i.e., Yt and Xt

    = + +     
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where,

Yt = Dependent variable
Xt = Independent variable

=Constant

et

Yt and Xt variables should 

2

validity of regression can be checked by testing the residuals of the regression for stationarity. As demonstrated 

representation of the data. Converse of this theorem also holds good, that is, if an error correction model 

series are integrated of different orders, the regression equations using such variables would be meaningless 

   = + + +
where, et

= ( ). 
Once it is established that the order of integration is the same for the variables of interest, the second stage of 

  tttt eY 1210   
where, 1te

2
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price transmission from one market to the other and its direction are the important aspects to be looked into, 

et al
markets in India, i.e., Visakhapatnam and Chennai has been studied by applying cointegration analysis based 

The price data used here are only indicative based on the broad market trends for the period considered. Therefore, the results presented 
may be taken only as hypothetical, meant for demonstration of the analytical procedure. 

Market
Commodity price series 

Level First difference
Level of 

integration

Vishakhapatnam Sardine

Vishakhapatnam Mackeral

Vishakhapatnam

Vishakhapatnam ns

Vishakhapatnam Tuna

Vishakhapatnam Shrimp ns

Chennai Sardine  ns

Chennai Mackeral

Chennai

Chennai ns

Chennai Tuna

Chennai Shrimp  ns

pomfret and tuna in Visakhapatnam and pomfret and tuna in Chennai markets became stationary only after 

assumption of the presence of time trends for the all the series considered.
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2

could be obtained directly from the estimated regression. A single step was required for all the combinations 

not integrated at all in cases of sardine and shrimp. The estimated elasticity of price transmission shows 

t

This chapter helps to develop a fair understanding on cointegration as an econometric tool to assess the 

how econometric techniques are useful to model the behaviour of market prices over time and to unveil the 
complicated price transmission process taking place between markets. Such studies are important to identify 

to bring about greater integration between them.

Fish species Integrated/Not 
integrated

Elasticity of price 
transmission

Type of 
equilibrium Lead market Speed of 

adjustment

Sardine Not Integrated NA NA NA

Mackeral Integrated NA

Integrated NA

Integrated

Tuna Integrated NA

Shrimp Not Integrated NA NA NA
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v

v

testing, Econometrica, 50

v

tion, Journal of Econometrics

v Journal of Econometrics

v

evidence and implications, Journal of Monetary Economics

v

Agricultural Economics 
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8
MULTIDIMENSIONAL POVERTY INDEX (MPI) – A TOOL FOR 

ESTIMATING POVERTY

Concept 

health, lack of education, inadequate living standard, lack of income, disempowerment, poor quality of work 

person faces all at once with respect to education, health and living standard. A multidimensional measure 

measure of its kind, and offers a valuable complement to income poverty measures because it measures 

aspects in which they are deprived and help to reveal the interconnections among deprivations. This enables 

understand the various sources of poverty for a region, population group, or nation and target their human 
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v

v

2.

v

v

v

v

v

v

v

v

v

v

v

v Similarly, enter the deprived weightage value under each respondent.

v

v

dimensionally poor household.

v

will get the poverty ratio for the particular sample.

v
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 p

in all the three states. The reason behind that was planning commission approach is based on one parameter 

may be deprived of other indicators, which may lead to increase in poverty ratio.

0

10

20

30

40

50

60

Kerala Karnataka Tamilnadu Andhra
Pradesh

Odisha

14.2
20.5

24.9
28.6

46.1

18.6
25.4

29.03 30.1

56.2

Fig 1. Comparison of poverty ratio in marine fisheries sector based on 
planning commission and MPI approach

% BPL based on Planning
commission approach

% Multidimensionally poor
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9
FACTOR ANALYSIS: A TECHNIQUE FOR DATA REDUCTION

interpreted and understood. It is normally used to regroup variables into a limited set of clusters based 

as behavioural and social sciences, medicine, economics, and geography as a result of the technological 
advancements of computers. 

Factor analysis is useful for studies that involve a few or hundreds of variables, item from questionnaires 
or a battery of tests which can be reduced to a smaller set, to get at an underlying concept, and to facilitate 
interpretations. It is easier to focus on some key factor rather than having to consider too many variables 
that may be trivial, and so factor analysis is useful for placing variables into meaningful categories. Many 

This technique is applicable when there is a systematic interdependence among a set of observed or manifest 

The theoretical basis for factor analysis is that variables are correlated because they share one or more common 

V = L  F

V2 = L2  F 2

V = L  F

L2L
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factor analysis takes an indirect approach. If the equations above hold, then consider why variables V and V2

so if they correlate their correlation should be related to L  and L2

factor methods. A basic assumption of factor analysis is that the variables used in factor analysis are linear 
combinations of some underlying factors. 

A concept related to most methods of factoring is the idea of a principal component. A principal component 

principal component accounts for the largest amount of variance in the input data. The second component 
accounts for the largest amount of the remaining variance in the data and so on.

as well as its main motivation is to facilitate interpretation. 

Age

2. Education

Occupation

5.

Annual income

Ownership of shrimp farm
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rotation was used to obtain meaningful interpretation, and the results are given in Table 2.

Marketing behavior

Material possession

Social participation

Information seeking behavior

Economic motivation

Risk orientation

Eigen values

No. 1 2 3 4

Age 0.889

2. Education 0.779

Occupation 0.791

0.629

5. 0.853

Annual income 0.852

0.890

Ownership of shrimp farm

Marketing behavior

Material possession

Social participation 0.807

Information seeking behavior 0.805

0.675

Economic motivation 0.590

Risk orientation

Eigen values
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0.5 were selected. Thus the selected factor 

FACTOR I

Education

Occupation

Social participation

Information Seeking behaviour

Economic motivation

FACTOR II
Ownership of Shrimp farm

Marketing behavior

Material possession

FACTOR III
Age

FACTOR IV
Annual income

their factor loadings.
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In this study, factors analysis was used to group the variables into factors based on the communalities observed, 

analysed. The method of factor analysis used for the study was principal component analysis and the rotation 
 factor 

by shrimp farmers.

v

v As
sociates.

v

v Applied factor analysis. 

v
culture technologies.
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10
DISCRIMINANT ANALYSIS: A METHOD FOR DETERMINING 

RELATIVE IMPORTANCE OF PREDICTOR VARIABLES

called the response or predictor variables and a grouping variable with a relatively small number of categories. 

among the groups. The technique is related to both regression and multivariate analysis of variance and 
as such it is another general linear modeling technique. Another way to think of discriminant analysis is 
as a method to study difference between two or more groups of cases on several variables simultaneously. 

Discriminant function analysis is useful in 
et al

1.

2. A set of potential predictors must be selected. This is one of the most important steps, although in many 

3.
the data to see if it meets the assumption of doing a discriminant analysis. It is also important to look 
for outliers and unusual patterns in the data and to look for variables that might not be good predictors. 

4.
multivariate technique parsimony is an important sub goal. This means, using the fewest predictors 

Fewer predictors will mean lower cost of data collection and easier interpretation.

5.
method of model selection must be chosen and prior probabilities for group membership should be 

calculated.

6.

7.

of the model. 

8.

9. Finally, it is of the utmost importance that the model be validated by some procedure. 
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Discriminant function analysis is a statistical technique which allows for the study of the differences between 
two or more groups with respect to several variables simultaneously and provides a means of classifying 
any object / individual into the group with which it is most closely associated and for assessing the relative 
importance of each variable used to discriminate between different groups. A linear combination of predictor 
variables, weighted in such a way that it will best discriminate among groups with the least error is called a 

1X1 2X2
... X

Where, X , X2 k are predictor variables, L , L2

of the discriminant function of a particular individual, such that if this value is greater than a certain critical 

into two groups, namely low adoption group and high adoption group, based on the mean adoption score. The 
predictor variables used for the study were the attributes of shrimp culture technologies, perception of cost 
of technologies, and perception of policies affecting shrimp culture.

et al

The Mahalanobis D2

between the attributes, cost and policy perceptions of high and low adoption categories of shrimp farmers 

2

5

Total
2

2

2
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discriminating between the high and low adoption categories of shrimp farmers. 

Thus the null hypothesis, that there will be no difference between the perception of attributes, cost and policy 
by high and low adoption categories of shrimp farmers is rejected. 

in the descending

This indicated that the increased differential scores in these variables would increase the difference between 
the high and low adoption categories. It suggested that the respondents who scored high in these variables 

high and low adoption categories, among the shrimp farmers. 

low adoption categories. This suggested that 

differentiated less between the high and low adoption categories of shrimp farmers.

the high and low adoption categories. It could be seen from the table that the variables having substantial 

1X1 2X2
... X  , where D is the value of the discriminant 

function of an individual shrimp farmer, Xi

2 5

Source Degrees of freedom Sum of Squares NS F-Value
Between population 14 2.73 0.19

20.56**

Within population 15 0.42 9.48

D 2= . . = 5.16
category i.e., high adoption category, otherwise the individual is assigned to the second category i.e. low level 
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Adopter category Assigned locations using discriminatory function Total
Low

Low
Total 2

two given categories of individuals or cases. It also helps to classify or assign individuals to a particular 

attributes of a particular technology which would help in increasing its adoption among end users.

v

v

v Factors 
responsible for discriminating between high and low adopter categories of shrimp farmers. Fishery 
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11
QUANTIFICATION OF EMPOWERMENT INDEX OF FISHERY SELF 

HELP GROUPS

choice and control over the resources. This would assist them in challenging and eliminating the factors 

of women on various social, political and economic components, play a vital role in bringing about women 

pattern, capacity building, psychological empowerment, social empowerment, economic empowerment and 

order of priority to the measured empowerments, by comparing them among themselves. 

within public meetings, improvement in technical and practical skills through training, acquisition of 
skills for income generation, use of skills for income generation, development of managerial skills, ability 
to facilitate a group meeting and addition to literacy/education.

image in the community, self reliance/Independence and feeling of security.

education, family planning, buying and selling land, property and households, family and social functions 

It is determined on the basis of the ability of members to take risk, understand and 
solve problems, try new ventures and ability to take criticism.

psychological empowerment are hope and overall satisfaction.

 Social empowerment is measured, covering the aspects such as team spirit, 
communication skill, participation in group activity, leadership, reduction in domestic violence, attitudes 
towards dowry, superstition, freedom and empowerment of women.
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level of economic empowerment, four major variables are selected. These variables include making 
household purchase, income, indebtedness and repayment, access to loan and control of use of credit.

variables included for measuring the level of political empowerment are participation in 
elections and changes in political views.

dimensions are made uniform. These scores are then added to get the EmI score of each respondent.

empowerment, social empowerment, economic empowerment and political empowerment. There is immense 

and capacity building initiatives of group enterprises and independent ventures. The scale can be used in 
similar future research aspects for measuring the effectiveness of the group for larger applications ensuring 
sustainability. 

make it unit free using below given formula.Empowerment index = (Actual score Minimum score)(Maximum score Minimum score)
An actual score is obtained for each empowerment by totaling the value assigned to each dimension of an 

v

v

v

v Improvement in technical and practical 
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v Skills through training 
v Acquisition of skills for income generation 
v

v Development of managerial skills, ability to 
v facilitate a group meeting 
v Addition to literacy/education 

v Self image in the family 
v Self image in the community 
v

v Feeling of security 

v

v Family planning 
v

v Family and social functions 
v

v Ability to take risk 
v Ability to understand and solve problems 
v Ability to try new ventures 
v Ability to take criticism 

v

v Overall mental satisfaction 

v Team spirit 
v Communication skill 
v Reception skill 
v

v

v Feedback orientation 
v

v Leadership 
v Reduction in domestic violence 
v Attitudes towards dowry, superstition  freedom and empowerment of women 
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v strong political stand 

v improvement in the political views 

v

v after self help phase 

variable with highest empowering potential, namely decision making pattern was ranked highest with an 

Sl. No. Shift

Economic empowerment

Decision making pattern

Social empowerment

Capacity building

Overall empowerment

change was observed in economic empowerment i.e.

found to shift from medium level of empowerment to high level of empowerment. 
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contact and involvement in the entrepreneurial activities. This indicated that, the hope and overall satisfaction 
might have come through interpersonal interaction with change agents for better economic involvement 
which also improved the image of the person in the community. Economic empowerment was observed to be 

activity.

For the development of women entrepreneurship, political and social empowerment of women are essential 
for reducing unemployment in the rural areas in India and these can be achieved through the formation 

eight empowerment dimensions. This was observed to be varied across the districts and between the activity 

v

v

v International Journal 

v

2.

v .

v

v

v
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12
METHODOLOGY ON VALUATION OF ECOSYSTEM SERVICES OF 

CORAL REEFS

and availability of natural resources. Currently, these resources are fast depleting due to various natural 
processes and anthropogenic activities. Through ecosystem valuation, it is possible to get a fair idea on the 
rate of depletion of different natural resources over time. Valuation is an attempt to put a monetary value on 
a certain asset, which can be tangible or intangible. Valuation is the heart of environmental economics and is 

regarding public goods such as environmental resources. It provides important information to guide the 
allocation of scarce public resources.

Economic valuation is the process of identifying the relevant changes in consumer demand and producer 

an environmental resource. In brief, environmental valuation is concerned with the analysis of methods for 

or the cost of losing an area of wilderness to development. The most commonly used approach is based on 

individuals are willing to pay for environmental gains and, conversely, is willing to accept compensation for 
some environmental losses.

Most of the environmental goods and services have no price but have value. These resources are so important 
to be valued as they perform a large number of ecological functions that a society enjoys like clean air, 
ecological balance nutritional recycling, aesthetic beauty etc. So, broad reasons for valuing these resources 

v

v There is the situation of missing markets.

v Even if there are markets, they are not performing well.

v For environmental goods and services, it is essential to understand and appreciate its alternatives and 
alternatives uses.

v

prices for designing natural resources conservation programmes.

v
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analysis, valuation is a must.

v Facilitate land use decisions.

v Limit or ban trade in endangered species.

With this background, various methodologies used to estimate the valuation of ecosystem services of coral 

Coral reefs are highly productive, diverse, and attractive ecosystems which provide a valuable range of 
goods and services for mankind. Valuation of goods and services generated by coral reef system had widely 

economic value of coral reef services. To ascertain the Economic Value of coral reefs in study area, special 

highlight to stakeholders and policy makers the importance of the conservation of the reef ecosystem. 

Fig 1: Total Economic Value of coral reefs
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area.

Local name Common name

Total

their sale price. From this, the net revenue is estimated by subtracting operating costs. Literature suggests 

et. al. 

productivity and total revenue generation. Accordingly, average annual catch value for entire region and coral 

value and per cent has to be worked out.

knowledge.

such as gross revenue, operating costs, value addition, etc. and adjusted for the coral reef area associated with 



ICAR-Central Marine Fisheries Research Institute

Methodological Tools for Socioeconomic and Policy Analysis in Marine Fisheries

78

direct use values attributable to coral reefs and are usually estimated by accounting for the tourism revenue 
generated by a particular coral reef destination. Most of the studies focused on coral reef recreation/tourism 

the coral tourism. 

considered and included as educational tourism. While, the estimate of numbers of tourists in the study area 

linkages.

and local tourists. In addition, students visiting study area for viewing coral and other marine lives as part 

Year Marine
Catch

Inland
Catch

Total 
Catch

Total 

Average

S.No

2.

5.
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Accordingly, based on the feedback from the respondents and assuming that each tourist visits the site once 

study area as part of nature education camps will incur for one day camp. These values could be added along 

estimated. The above values will be used to estimate the tourism value in terms of per unit area of coral reefs 

Type of Tourist Site Total Tourists Total Annual

Indian

Foreigner

Education

Salinity ingression in ground water of coastal areas is a growing problem in terms of huge monetary loss 

facilitate ground water recharge. So the value of coral reefs in preventing the salinity ingression is assumed 

at various places of Tamil Nadu to increase biomass and protect the coastal wealth. The budget allocation 
for those schemes in the study area can also be included to estimate coastal protection value of coral reef 

items

Total
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natural sea walls and in coastal areas that are devoid of coral reefs, authorities need to spend huge sums 

To reduce the transfers errors, the adjustments and scaling up and down of the data have to be done with 

differences etc. at the macro level. It is mostly used for site to site transfers of values and cannot be applied 

closer to study area, actually provide greater power for value transfer.

Lakh Rs

Lakh Rs

Rs per sq. km.

Reef Area Sq. km.

Length of shoreline km

Ratio of Reef Area to Coastal margin Sq. km./km

No. per sq. km.

Rs

Value Added in Agriculture
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reef associated coastal erosion prevention in other regions the estimated values of coastal erosion prevention 

2

Ratio of Reef Area to Coastal margin

Value Added in Agriculture

Average

schemes and projects for coastal protection are to be taken care of. It is also important to note that the entire 

transfer approach will be more suitable for this purpose.

Items

Total 

Donors Average

Indian govt.
State govt.
Total
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Soft Coral Antiviral 

Soft Coral Diuretic

Acropora corymbosa Cardiovascular effect

Acropora formica NA

Acropora humilis

not found in terrestrial natural products. The pharmaceutical industry has discovered several potentially 

seaweeds, which are reported to relieve pains from arthritis. The particulars for estimating the biodiversity 

Items

Total

Willingness to pay questionnaire can be developed 

form the basis for the overall valuation of ecosystem services from coral reefs. A summary of the various 
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Research CMFRI

Institute of Oceanography

Anna university

State government

Central govt. research

Others

Others

Students research M Sc.

Maintenance cost

Entry fee

Medical research

Coral mining research

Foreign

Total

S. No.

Fisheries Change in productivity method

2. Travel cost method

Coastal protection 

Salinity Ingression

Coastal Erosion

5. Maintenance of 

Research

Contingent valuation method

Total
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of valuation. All methods are not equally relevant for all resources. Each technique requires a variety of 
assumptions depending upon the method being applied and of course the resource being considered for 

different valuation techniques.

It is neither possible nor sensible to conserve everything. Since development activities are necessary for the 

need to understand what is driving the present loss of environmental resources and what may be done to 
conserve it.

The advantage of an economic approach to the valuation of resources is that it provides a means of quantifying 
error and also indicates how markets might be reformed to remove the current sources of biases, and where it 
is not possible to reform markets, how government might intervene to correct the signals to private resource 
users. It also indicates how and where economic activity may be constrained so as to protect resources 
that are important for maintaining the options open to future generations. The valuation of environmental 
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13
ASSESSING THE FINANCIAL VIABILITY / PERFORMANCE OF 

BUSINESS

Financial statements for businesses usually include income statements, balance sheets, and .

balance sheet
health of the company and enabling more effective decision making.

The balance sheet is a snapshot showing what is owned and owed at a single moment. It provides an overview 
of how well the company is managing assets and liabilities. The income statement provides a summary of 

statement is a combination of both the income statement and the balance sheet.

v

v

v

health of the company.

v

.

v The income statement can be used to calculate a number of metrics, including the ,
the , the  and the operating ratio.

v
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The money earned from the primary and secondary activities and the gains received from the appreciation 

secondary activities and the monetary losses due to depreciation of assets are included in the loss statement. 

assets and long term assets and liabilities as current liabilities, intermediate liabilities and long term liabilities. 
The net worth statement is assessed mainly on quarterly or yearly basis based on the quantum of business.

v

v

J F M M J J S N D

Cash balance

Credit sales

Cash sales

Total

2.
Loan repayment

Total

Cash available

New borrowing

Interest

Depreciation

Ending cash balance
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.

st 2016

I.
A.
B. Revenue from poultry
C. Revenue from other 
     enterprises
D.
E. Appreciation in the value of  
     assets

82,000

II.
A.

 Machine labour
 Seed
 Feed

 Veterinary aid

26,700

 Rental value of owned land
                                  16,400

III.
IV.
V.
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gives an account of the total assets and liabilities.The snapshot of balance sheet indicate the net worth or net 
defecit of the enterprise.

v Assets include

v Liabilities include

2.

Total        = Total       =

Cash in bank
Cash on hand

          Revolving fund     Account receivable

 Loans on machinery
 and equipments

Machinery and
and equipments

 Loans on purchase
 of stock

    Stock 

Nil

43000 94000
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v

assets. The higher the quick ratio, the better the position of the company.

v

v Debt/Equity Ratios

A high ratio means that the company has been growing due to debt.

Activity Ratios

cash or sales.

v

A low DSO number means that it takes a company fewer days to collect its accounts receivable. A high 
DSO number shows that a company is selling its product to customers on credit and taking longer to 
collect money.

v

selling it.

v

v

The entire cash conversion cycle is a measure of management effectiveness. The lower the better and a 
great way to compare competitors.

v

The receivables turnover ratio is one that is categorized as an activity ratio because it measures the 
company’s effectiveness in collecting its credit sales.

v

Inventory turnover is important for companies with physical products and is best used to compare 
against peers.
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v

Average age of inventory is just the inverse of Inventory Turnover.

v Inventory to Sales Ratio

An increase in the inventory to sales ratio can indicate that

v The investment in inventory is growing more rapidly than sales

v The sales are dropping

Vice versa, if the inventory to sales ratio drops, it could mean that

v The investment in inventory is shrinking in relation to sales

v The sales are increasing

Debt to Equity Ratios

company operates on high leverage and has maintained a high debt ratio, it is not as alarming as a company 
with a low debt ratio suddenly showing a spike in the debt ratio.

v

The long term debt ratio is an indicator that the company does not have enough cash to run future 
operations.

v

If the short term debt ratio is high, this is a big warning sign. The debt payment is coming due and has to 

v

v

A high working capital ratio shows whether the business can continue to operate without troubles.

v

v

v Analysis and Use of Financial Statements

v

v .

v

v
Institute of Fisheries Education, Mumbai.

v
Institute of Fisheries Education, Mumbai
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14
ASSESSING VULNERABILITY OF COASTAL HOUSEHOLDS

Shyam S. Salim and Remya R.

quantitative indicators that via some formula, delivers a single numerical result.

Vulnerability is

v

v

v

v
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potential to implement adaptation measures that help avert potential impacts.  The mean values of the three 

capacity, the lesser is the vulnerability.  Reducing vulnerability would involve reducing impact, or increasing 
adaptive capacity.  Thus by adopting mitigation measures, a population vulnerable to climate change could 

change and initiating a multi stakeholders platform for  developing a climate knowledge and information 
systems. This kind of bottom up approach would help the climatologists and policy makers to implement 

et al.,

Adaptive Capacity, 

After selecting the study area which consists of several regions, a set of indicators are selected for each of the 

can be selected based the availability of data, personal judgement or previous research. Since vulnerability is 
dynamic over time, it is important that all the indicators relate to the particular year chosen. If vulnerability 
has to be assessed over years then the data for each year for all the indicators in each region must be collected. 

Data collection 

v First of all, a pilot study should be conducted to identify the coastal districts most vulnerable to a natural 
disaster within a state. After identifying the districts, the villages within the districts have to be earmarked 

v The second step is to classify the households from the selected villages.  The data can be collected using 

enumerators.  Inorder to assess vulnerability at household level, the ward details of each study area has 
to be collected. 

v

training, prior to the implementation of survey. 
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v In the fourth step, these selected people were trained in topics covering climate change, vulnerability, 

2 Data Analysis

contained in numerous items into one or more subscales of vulnerability category that can be used in further 

based livelihood systems using the combination of individual indicator was quantitatively assessed.  Since 

following equations

minij i ij
ij

i ij i ij

X X
x

X X
if ijx

i ij ij
ij

i ij i ij

X X
y

X X
   if ijy

ij and yij are the variables representing effects on the vulnerability indices. The values after 

to arrive at vulnerability indices at household level. Respondents households were asked to opine responses 
referring to their knowledge on degree of vulnerability related to various aspects of climate change, livelihood 

of Thiruvananthapuram district from the south west hotspot region is selected. The study determined the 
scope of developing village level adaptation and mitigation plan for the community through a comprehensive 

mitigation strategies.  
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or an adult member. The method of data collection was unique with initially, developing relationships and 

each district involved in the study educated local people for further training, prior to the implementation of 
survey. Thirdly, these selected people were trained in topics covering climate change, vulnerability, sensitivity, 

the two study regions.  In order to assess vulnerability at household level, the ward details of study area was 

adaptive capacity were appropriately categorised.  For each component of vulnerability, the collected data are 

be the value 
of the indicator corresponding to region i. It should be noted that this type of arrangement of data is usually 
done in statistical analysis of survey data.  Obviously the indicators will be in different units and scales. The 

this, it is important to identify the functional relationship between the indicators and vulnerability. Two types 

indicator. Assume that higher the value of the indicator more is the vulnerability. It is clear that higher the 
values of these indicators more will be the vulnerability of the region to climate change as variation in climate 

minij i ij
ij

i ij i ij

X X
x

X X

represented in the table. 

2.52
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appropriate adaptive interventions.

v

v

v

v

v

v

 Indi

v

v
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15
DECISION MAKING IN OPTIMAL PRODUCTION ACROSS

FARM / FIRMS
Shyam S. Salim and Ramees Rahman M.

given constraints of resource, capital and time. The decision making in optimal production depend mostly 

level of output. Rent, depreciation, research and development, marketing costs, administration costs etc. can 

 Disbursed for the raw materials, wages of labour, etc. which changes with 
level of production. Variable cost varies directly with the level of output.

is the cost of producing one unit of the output and is determined as follows  

Variable cost for producing one unit of output. As production increases, AVC 

AVC = TVC/Q, Where TVC is the total variable cost.

increasing output.

Addition made to total cost as a result of producing one additional unit of the product. 

MC = , where is change in total cost

 is change in output
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lines.

V = Variable cost per unit of the product
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The margin between the actual/budgeted sales and breakeven point is termed as margin of safety. It is the 

Sl.No. Fixed 
Cost

(lakhs)

Variable 
Cost

(lakhs)

Total 
Cost

(lakhs)

Price 
per ton 
(lakhs)

Volume 
of 

Output
(Qty in 

ton)

Total 
Revenue 
(lakhs)

Variable 
Cost
Fund

(lakhs)

Plant I 120 125 245 3.00 120 360 1.041

Plant II 90 135 225 3.00 100 300 1.35

=

=

=
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=

=

=

=

=

value.
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16
ASSESSING THE CONSUMER PREFERENCES USING CONJOINT 

ANALYSIS: AN APPLICATION IN FISHERIES SECTOR
Shyam S. Salim and Athira N.R.

Fish has become an indispensable part in the food basket as it is considered as a healthy food which is rich 

among the consumers. Conjoint analysis is one such technique which enables to understand the factors that 

Conjoint analysis is a survey based statistical technique used in market research that helps determine how 

Its purpose is to determine how people perceive and value different features or attributes of a particular 
product or service.

of relationship between combinations of the product. Third is usage after the market margin simulation, 

theory, according to which it can be said that total utility is a function of the price utility and quality utility.

levels of the product characteristics. First of them is the determination of the differences between partial 

consumer evaluation on the product or service and thus, contribution of every characteristic to his preference 

Where,
Pref = Consumer preference or total utility
ai =
b =
c =
dl =

In this study, the full concept method was chosen for the collection of data that is evaluated in the conjoint 
analysis. Accordingly, question cards are prepared for every feature level and are provided to consumers, 
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which include features that are determined regarding the product and level of every feature. Thus, the 
degree of participation of consumers to every alternative and the level of perception for each alternative are 
determined.

to the assess the attitude of the consumers preference and willingness to pay for the different value added 
products can also be measured using this technique.It also enables to use the results in developing market 
simulation models that can be used well into the future.

of a particular place with its different attributes such as price/quality/freshness/source of purchase/
characteristics of purchase place etc.

using conjoint analysis and their inferences are given below.

Attributes Factors

Availability
Accessibility

Landing Centre
Retail Market

Features of purchase 
centres

Distance
Freshness
Variety of species

XLSTAT to analyse data from conjoint questionnaires to attain the corresponding inference of our problem. 

CJT icon and then click on .
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tab, activate the option and select the data in the Factors sheet. Do not 
select labels associated to each column.

, individual sheets are not activated since the use of these sheets is not necessary 
for the tutorial. In a comprehensive analysis though, they can be very useful in order to get the 

5. Click on
option.

answers can be found in the CJT design sheet and the results of the analysis in the CJT Analysis sheet.

click on the button which automatically launches the interface with loaded data.

button, the computations are performed and the results are displayed.

Landing Centre Distance

2 Landing Centre Freshness

Landing Centre Variety

Retail Market Distance

5 Retail Market Freshness

Retail Market Variety

Accessibility Landing Centre Distance

Accessibility Landing Centre Freshness

Accessibility Landing Centre Variety

Accessibility Retail Market Distance

Accessibility Retail Market Freshness

Accessibility Retail Market Variety

Availability Landing Centre Distance

Availability Landing Centre Freshness

Availability Landing Centre Variety

Availability Retail Market Distance

Availability Retail Market Freshness

Availability Retail Market Variety
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Card Features of purchase 
centres

Rank of 
preference

5

2 2 5

2

5 2 2 5

2 2

2

2 2 5

2

2 2

2 2 2

2 2 5

2

5

2

2 2

2
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Card Features of purchase 
centres

Landing Centre Distance

2 Landing Centre Freshness

Landing Centre Variety

Retail Market Distance

5 Retail Market Freshness

Retail Market Variety

Accessibility Landing Centre Distance

Accessibility Landing Centre Freshness

Accessibility Landing Centre Variety

Accessibility Retail Market Distance

Accessibility Retail Market Freshness

Accessibility Retail Market Variety

Availability Landing Centre Distance

Availability Landing Centre Freshness

Availability Landing Centre Variety

Availability Retail Market Distance

Availability Retail Market Freshness

Availability Retail Market Variety

Features of purchase centre

and total worth value is composed of sum of factor level scores. The combination, which has the highest 

words, the factor and factor level having the highest total utility is preferred by consumers with priority. 
The combination, which has the lowest total utility value is the product set that consumers prefer least. The 
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17
MEASUREMENT OF TECHNICAL EFFICIENCY IN MARINE FISHING

Aswathy N., R. Narayanakumar and M.S. Madan

approach of the production frontier. The mathematical program planning helps to estimate the nonparametric 
approach frontiers.

Where Y is the log of output

are the log values of inputs and e is the random error term

The equation can be rewritten as 

>

=

The commonly used approach in measuring the TE is the stochastic frontier approach. Initially the frontier 

In the stochastic frontier production function, the error term was decomposed into two parts, the symmetric 
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Stochastic frontier models are superior to deterministic models because they include a separate symmetric 

A stochastic frontier model is given as

Where v is the symmetric error component and  the one sided error component. The function can be 

With the assumptions of a half normal distribution of  and normal distribution of the frontier model is 

frontier and 

stochastic frontier production function. In the stochastic frontier production function, a stochastic component 
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... more lines ...

DF Estimate
Standard 

Error
t Value

Intercept

_Sigma_v

_Sigma_u . . .

use.
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18
TRANSPORTATION MODELS: A TOOL FOR INVESTIGATING MARKET 

PERFORMANCE AND EFFICIENCY DECISIONS
Shyam S. Salim and Athira N. R.

the lowest cost consistent with the provision of the services that consumers demand. Fish marketing in 

supplied, what is the demand of a particular market, etc. Transportation models are one of the technique which 

and moreover it point outs the most demanding species in each markets.

of linear programming problem where the objective is to transport various quantities of a single homogeneous 
commodity to different destinations in such a way that the total transportation cost is minimum. Since there 
is only one commodity, a destination can receive its demand from more than one source. The major objective 
of the model is to determine how much should be shipped from each source to each destination so as to 

shipments are dispatched and the destination of a transportation problem is the location to which shipments 
are transported.

and supply constraints. The numerous research works has been done to obtain the optimal cost of shipment 
in a minimum number of iterations. There are also some methods and techniques that developed in the past 

In transportation model we have to make following two assumptions.  

demand must be received from the sources. 

destination is directly proportional to the number of units distributed. Therefore, the cost is just the unit 
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cost of distribution times the number of units distributed.

constraints of supply and demand

sources is equal to the total demand in all destinations.

The data of the transportation model include

2. The unit transportation cost of the commodity from each source to each destination.

destination is represented by a node. The route between a source and destination is represented by an arc 
joining the two nodes. The amount of supply available at source i is ai , and the demand required at destination 
j is bj.

The costs of transporting one unit between source i and destination j is cij. 
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The cost of transporting the commodity from source i to all destinations is given by

  

Thus, the total cost of transporting the commodity from all the sources to all the destinations is

  Total Cost = 

subject to 

and

demand. The above implies that the total supply.

Step 2. After adjusting the supply and demand for all uncrossed rows and columns repeat the procedure to 

Step 2. Select the row or column with the largest penalty and allocate as much as possible in the cell that has 
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solution.

Formulating a balanced transportation problem

each markets peak demand, formulate a balanced transportation problem in a transportation tableau and 

M1 M2 M3 M4

L1 14 25 45 5

L2 65 25 35 55

L3 35 3 65 15

<

<

<

Demand Constraints
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A mathematical model implemented in a spreadsheet is called a spreadsheet model. Major spreadsheet 

variables, the graphical method can be used to solve the model. Very few real world problems involve only 

problems a fairly simple task and it is more useful for students who do not have strong mathematics 
background.

M1 M2 M3 M4 Supply

L1 14 25 45 5 6

L2 65 25 35 55 8

L3 35 3 65 15 16

Demand 4 7 6 13 30

M1 M2 M3 M4 Supply
reference supply

L1 0 6

L2 0 8

L3 0 16

Demand
reference 0 0 0 0

demand 4 7 6 13

Total cost

for demand constraint also. Select the linear solving method on solver. Click on solve.

Changing variables
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The output of the problem is as shown below.

M1 M2 M3 M4 Supply

L1 4 0 0 2 6 6

L2 0 2 6 0 8 8

L3 0 5 0 11 16 16

4 7 6 13

Demand 4 7 6 13

Total cost 506

Cooperation.

Sultanate of Oman.
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