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Background

Rice and fish form the backbone of food security of Cambodia’s 12 million people. The
fisheries sector alone provides over 80% of animal protein supply, and employment and
livelihoods to over 2 million people. Some recent findings suggest that per capita
consumption of fresh and processed fish is nearly 75 kg per annum for the communities
living in and around the waterways, river, lakes and flood-land. Given the low and highly
volatile agricultural production, dependence of the rapidly growing population on fishery
resources will remain high in the next decade. The country is in need of realizing
economic gains from its vast inland water resources in sustainable ways within the
shortest possible time and building capacity to monitor its natural resources.

Recognizing the high stakes involved in the fisheries sector, the Royal Government of
Cambodia has taken specific steps to adopt and implement policies to promote
sustainable management and conservation of natural resources that are critical to the
livelihoods of millions. Given the importance, the Asian Development Bank (ADB) has
been providing assistance to develop fisheries sector and to build capacity of the
associated institutions as prioritized by the Royal Government of Cambodia. The newly
created Inland Fisheries Research and Development Institute (IFReDl) is a step towards
building institutional capacity of the Department of Fisheries (DoF) for research and
development of the inland water resources that will help policy makers and stakeholders
to take policy action for management and conservation of the resources that are under
severe threat from increasing population pressure and over exploitation.

The ADB Technical Assistance (TA) in collaboration with the WorldFish Center was
intended to build capacity of the IFReDI staff in the areas of research and development,
institute management, technology transfer and policy development and dialogue. The
WorldFish Center has implemented many of the activities of the TA including various
research projects as part of ‘learning by doing” and a series of formal and on-the-job
trainings in socioeconomic research methods, evaluation research design, statistics and
valuation techniques of non-market resources. This training on “Natural Resources
Economics and Research Methods” is carefully designed to address IFReDlI's immediate
needs for skill development that draws participants from across disciplines to make them
understand the crucial importance of resource economics and impact analysis in
policymaking. The most important strength of the training program is its
comprehensiveness in contents and ability to mobilize resources from within and outside
of WorldFish.

The training will focus on four broad areas such as basic economics, natural resources
economics, research methods and statistics, and database management and statistical
analytical techniques using software. To be precise, the theory part of the training will
provide basic concepts of market economics and efficiency, causes and sources of
market failurefinefficiency with special reference to natural/common property and
environmental resources. The applied part of the training will provide basic theories in
research methods and impact analysis, and techniques in data presentation that will
include descriptive and inferential statistics with the exposure in computing techniques.
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Program

23 February 2004

OPENING CEREMONY

08:30 Registration

09:00 Welcome Address

09:15 Opening Speech

09:30 Overview of workshop

09.45 Tea break

10:00 Introduction to Economics

12:00 Lunch Break

13:00 ~ Supply and Demand —Basic Elements

14:30 Supply and Demand - Applications

16:00 Tea break

16:15 Introduction to Research Methods

24 February 2004

08:30 Introduction and Economic Efficiency

10:30 Tea break

10:45 Sources of Inefficiency and Market Failure

12:45 Lunch Break

14:00 Introduction to Research Methods
(Continued)

15.00 Research Design

15:30 Tea break

15:45 Why Worry about Data Management:

An Outline to the Topic on Database
Management and Data Analysis

25 February 2004

08:45 Research Design (Continued)
10:15 Tea break

10:30 Policies to Address Efficiency Goals
12:30 Lunch Break

13:30 Reliability and Validity

15:30 Tea break
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15:45 The Tonle Sap Economic Valuation
Database: Introduction to Access

26 February 2004

08:45 Measures of Supply and Demand Response

10:15 Tea break

10:30 Valuing the Environment

12:30 Lunch Break

13:30 Analysis: Introduction to Descriptive
Statistics

15:30 Tea break

15:45 The Tonle Sap Economic Valuation
Database: Introduction to Access
(Continued)

27 February 2004

08:45 Production and Cost

10:15 Tea break

10:30 Economics of Allocating Resources:
Fisheries and Forests

12:30 Lunch break

13:30 Measures of Central Tendency

15:30 Tea break

15:45 The Tonle Sap Economic Valuation
Database: Introduction to Access
(Continued)

1 March 2004

08:45 Profit and Supply

10:15 Tea break

10:30 Economics of Allocating Resources:
Agriculture and Water

12:30 Lunch break

13:30 Measures of Dispersion

15:30 Tea break

15:45 Using Microsoft Excel for Database

Management and Initial Data Processing
2 March 2004

08:45 Special Topic: International Trade
10:15 Tea break
10:30 Correlation and Regression

12:30 Lunch break
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13:30 Using Microsoft Excel for Database
Management and Initial Data Processing

(Continued)

15:30 Tea break

15:45 Data Management and Application

3 March 2004

08:45 Analysis of Household survey data using
SPSS

10:15 Tea break

10:30 Analysis of Household survey data using
SPSS
(Continued)

12:30 Lunch break

13.30 Evaluation

14:00 Analysis of Household survey data using
SPSS
(Continued)

Concluding Session

16:00 Tea break

16:30 Chair

16:45 Concluding Remarks

17.00 Participants' Comments

17.15 Concluding Speech and Certificate
Distribution

Ferdinand Paraguas /
Mohammed A. Rab,
WorldFish Center
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WorldFish Center
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Program Leader, PRIAP
Mohammed A. Rab,
WorldFish Center

Srun Lim Song,
Director IFReDI
Stephen Hall, Director
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Handout No. 1 1
Basic Economics

1. Introduction

1. What is economics?

e Economics- the social science which studies how society allocates scarce
resources to satisfy unlimited human wants.

o resources = production->consumption->satisfaction of wants
o wants are unlimited but resources are limited
o reality of choice, benefits, and costs

o as science — a systematic inquiry, using empirical methods, oriented towards
fundamental relationships underlying phenomena.

« social science — phenomena to be studied is society in its act of material
production and consumption

o hence observable, quantifiable — usually material objects in specific units
o Ultimately claims must be tested against data.

e Major branches

o Microeconomics —deals with the behavior of individual economic units
(consumers, firms, workers, and investors), as well as the markets that
these units comprise.

o Macroeconomics —deals with aggregate economic variables (level and
growth rate of national output, interest rates, and inflation).

1.2. Basic economic problems

¢ Economic Questions:

o How much - of each good

o How - combination of resources for producing each good (substitution
possible)

o For whom - allocation to each person

« Economic system — means by which a society addresses these problems. Types:

o Custom - or traditional: for small economies, typically near subsistence,
low levels of technology.

o Market — use of free exchange. Typically use common denominator of
value, or money, and exchanges quoted in terms of prices: hence, price
system.

o Planned — major allocation decisions made by government, through
planning mechanism.
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o Mixed — market economy with a mix of government intervention (a
spectrum of forms). Most countries (including Philippines) are mixed.

o Normative and positive analysis

o strictly speaking, science concerned only with a description and
explanation of phenomena, which is positive analysis (what is)

o application of economic science to improve material conditions may
require judgments as to what constitutes an “improvement”

o value judgments as to what is better or worse from a social or ethical or
theological viewpoint (related to what ought to be or should be)

e Examples:

Normative: The government should repeal tariffs. Income distribution ought to be
egalitarian.

Positive: Foreign prices of cement are lower than domestic prices. The inequality of
income distribution in Cambaodia is similar to that of Brazil.

Note: A positive statement may be either true or faise.
¢ The problem of development ~ related to the basic questions.
o how to make more goods available for all - economic growth
o how to make it equitably distributed — inequality reduction

o how to elevate everybody to a decent living standard — poverty
reduction

o how to avoid economic fluctuation — stability
o how to sustain economic activity - sustainability
1.3. The method of economics
¢ Models - a simplification of reality
o illustration: how useful is a map depends on what you want to do with it -
do you want to get from point a to point b? do you want to know where

there is traffic? do you want to know scenic spots?

o models in economics — supply and demand. utility maximization. profit
maximization.

e Model generates testable implications which are then compared to the data
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2. Supply and demand: Introduction

2.1, Overview
Supply and demand: uses the concept of equilibrium

o supply denotes exchange offers of sellers
¢ demand denotes exchange offers of buyers
o when the exchange offers match, then there is equilibrium.

Equilibrium: Economics makes extensive use of the concept equilibrium.

o A system is in equilibrium when its component parts are in stable relationship
with one another.

« equilibrium can be disturbed, and system will adjust from one static equilibrium to
another = basis for framing hypothesis about directions of change

e In economics:
o observed prices are equilibrium prices
o changes in prices are changes in equilibrium prices.
o equilibrium concept is main mechanism for generating testable
predictions about cause-effect links to price and quantity traded in a
market.

« we have to be careful to define the scope of a market, e.g. in defining geographic
scope as well as range of products included

« Prices are given to the agents: the assumption of price-taking or competitive
behavior

« Proper definition of a market plus competitive behavior leads to only one price in
the market (competition between sellers eliminates differences in price)

Example: market for catfish in Seam Reap, quantities defined in terms of kg of catfish
per day, price defined in terms of US cents per kg.

2.2, Demand

Demand schedule: a schedule that states the quantity of a good that buyers are ready to
purchase, at various alternative prices, per unit time, within a market, all other factors
constant.

Demand function: a function that relates the quantity of a good that buyers are ready to
purchase, at various alternative prices, per unit time, all other factors constant.

Demand curve: a curve which plots the quantity of a good that buyers are ready to
purchase, at various alternative prices, per unit time, all other factors constant.
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Example:

Q, =1,200-20P where Q, =quantity of rice demanded in the abovementioned market

Schedule:
Price ‘ Quantity demanded
(kg per day)
0 1,200
10 1,000
20 800
30 600
40 400
50 200
60 0
Figure 2.1. Demand Curve
70

60 \
” \
40

o \
L
o 30 \

” \

10 \

0 1 1 1 13 k I
0 200 400 600 800 1,000 1,200
Quantity
Properties:

e price is negatively related to quantity, i.e. demand curve slopes downward - LAW
OF DEMAND
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« Note that these are purely hypothetical prices and quantities, which denote plans
or intentions rather than actual purchases

Factors affecting demand:

Information on product characteristics

Tastes

Income
a. ifincome has a positive effect: normal good (rice)
b. if income has a negative effect: inferior good

W=

Population — usually if population rises, demand increases
Prices of related goods
a. If related good has a positive effect: substitute (rice and corn)
b. If related good has a negative effect: complement (coffee and creamer)

o>

2.3. Supply

Supply schedule: a schedule that states the quantity of a good that producers are ready
to sell, at various alternative prices, per unit time, within a market, all other factors
constant .

Supply function: a function that relates the quantity of a good that producers are ready to
sell, at various alternative prices, per unit time, all other factors constant .

Supply curve: a curve ...
Example:

Qs =-150+25P where Qs = quantity of rice supplied in the Philippines, in metric tons
per day

o Note the negative intercept: simply means that price must be some positive
number before any quantity can be supplied

Schedule:
Price Quantity supplied
(metric tones per day)
10 100
20 350
30 600
40 850
50 1,100
60 1,350

e price is positively related to quantity, i.e. supply curve slopes upward—- LAW OF
SUPPLY (ultimately the basis of this is profit-seeking behavior of firm's owners)
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Factors affecting supply:

1. Technology
2. Prices of inputs (availability of inputs)
3. Profitability in related product lines
4. Environmental shocks (especially in agriculture)
Figure 2.2. Supply curve
70
60 /
50 /
L2
& 30 —

o _

ol

100 350 600 850 1100 1350
Quantity

2.4, Price determination
Consider: supply and demand in one (schedule/graph)

e At price = 4: quantity demanded exceeds quantity supplied; buyers as a whole
are frustrated in their purchasing plans. SHORTAGE. Buyers are interested in
changing the situation -> bid up the price.

o At price = 60: quantity demanded is less than quantity supplied; sellers as a
whole are frustrated in their selling plans. SURPLUS. Sellers are interested in
changing the condition -> bid down the price.
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Price Quantity supplied | Quantity demanded | Quantity Excess

Q, =-150+25P 0, =1,200-20P traded supply/demand
10 100 1,000 100
20 350 800 350
30 600 600 600
40 850 400 400
50 1,100 200 200
60 1,350 0 0

 Suggests equilibrium condition: quantity demanded = quantity supplied.
Everybody’s plans are carried out — nobody is interested in changing the
situation.

o adjustment in off-equilibrium situation carried by price adjustment; note that price
is simply the terms of exchange. Hence, when buyers want more than are
available, they persuade sellers to sell more by making the exchange terms more
attractive to them: similarly for the sellers when they want buyers to buy more.

70

60

50

40

Price

30

20

10

200 400

600
Quantity

800

1,000

1,200




Handout No. 2 6
Basic Economics

o adjustments are done by individuals, without any central direction. No negotiation
needed between buyers and sellers — one can simply imagine only the price tags
being altered

SOLUTION: Using supply and demand functions, note that equilibrium condition
requires: 1200 — 20P =-150 + 25P or P = 30, Q = 600.

Problems

1. Which of the following is a possible demand function? Supply function? Why? (Q
= quantity, P = price; constants a, b, ¢, and d are all positive)

a. Q=a+bP b.Q=c+dP c.Q=a+byP

2. Supply is Q = -440 +125P; Demand is 1000 ~163P. Fill in the following table:

Condition Price Quantity traded | Shortage
Equilibrium

4
Excess demand

3. Supply is Q =-100 + 40P; Demand is 950 —30P. Fill in the following table:

Condition Price Quantity traded | Surplus

Equilibrium

20

Excess supply
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3. Demand and Supply - Applications

3.1. Demand factors and the demand curve

» If demand factors (other than price) change, the entire demand schedule shifts.

Example: From O, =1,200-20P to O, =1,000—20P: shift left, or down; fall in

demand.
Price Quantity demanded | Quantity demanded
0, =1,200-20P 0, =1,000~-20P
0 1,200 1,000
10 1,000 800
20 800 600
30 600 400
40 400 200
50 200 0
60 0 0
Factor Demand Direction of
change shift
Information about favorable product characteristics Increase Rightward
Information about unfavorable product characteristics Decrease Leftward
Increased preference for the good Increase
Decreased preference Decrease
Increase in population Increase
Decrease in population Decrease
Normal goods:
Higher income Increase
Lower income Decrease
Inferior goods:
Higher income Decrease
Lower income Increase
Rise in the price of substitute goods Increase
Rise in the price of complementary goods Decrease
Fall in the price of substitutes Decrease
Fall in the price of complements Increase
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e Change in demand versus change in quantity demanded.: the latter is caused
only by a change in price. The former is caused by a change in the factors
affecting demand that were held constant in generating a demand function.

3.2. Supply factors and the supply curve

When other factors held constant in making the supply schedule are allowed to vary, the
entire schedule shifts. Example: From O, =-150+25P to Qg =-200+25P: shift left, or

down; fall in supply.

Price Quantity supplied Quantity supplied
. =-150+25P Q; =-200+25P
0 -180 -200
10 100 50
20 350 300
30 600 550
40 850 800
50 1,100 1,050
60 1,350 1,300
1,600 1,550
Factor Supply change | Direction of
shift
Technology improves Increase Rightward
Decrease Leftward
Price of input falls Increase
Price of inputs rises Decrease
Profitability or price of production aiternatives rise Decrease
Profitability or price of production alternatives fall Increase
Favorable environmental shock Increase
Unfavorable environmental shock Decrease
Increase in population
Decrease in population

Change in supply versus change in quantity supplied: the latter is caused only by a
change in price. The former is caused by a change in the factors affecting supply that
were held constant in generating a supply function.
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3.3. Explaining changes in price and quantity traded

Change Price change Quantity traded change
Increase in demand Increase Increase
Decrease in demand Decrease Decrease
Increase in supply Decrease Increase
Decrease in supply Increase Increase

e Price plays an allocative function: when a good is more desired by consumers,
price rises to attract more resources into its production. When a good is less
desired, price falls to allow resources to flow out to other uses. When a good is
easier to produce, price falls to attract consumers to buy this good. When a good
is more difficult to produce, price rises to restrain purchases of this good by
consumers.

« This analysis highlights the empirically testable implications of the supply and
demand model. After all, we cannot be test whether or not a price is an
equilibrium price; but we can confirm whether or not predictions of how prices
and quantities change are confirmed by the data.

Note: Factors that change demand do not change the supply schedule/curve/function.

Demand factors can only affect quantity supplied, via changes in market price. Likewise
factors that change supply do not change the demand schedule/curve/function. Supply
factors can only affect quantity demanded, via changes in market price.

3.4. Application: technical change in agriculture

Quantity is in tons/year; price is in USD/ton. The annual demand curve for carp is given
by:

Q = 28,000~ 10P
The annual supply curve is given by:
Q =-2,000 + 15P

Genetic improvement of carp leads to a new variety that grows 20% more per production
cycle than the previous one.

New supply curve: Q = -2,400 + 18P

Condition Price Quantity
Without improvement 1,200 16,000
With improvement 1,085.7 17,142
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Problems

1. Predict what happens to the following prices and quantities when the following
events occur:

a. Price and quantity of fish: an increase in the price of beef.

b. Price and quantity of tires: an increase in automobile prices

c. Price and quantity of fish: an increase in crude oil prices

d. Price and quantity of rice: higher yet flood-free rainfall year round

e. Price of digital cameras: improved technology allows ordinarily-priced
video cameras to take identical quality pictures as digital cameras

2. Given baseline supply and demand curves: O, =1,200—-20P; and
Q; =-150+25P. Calculate equilibrium price and quantity. (See handout No. 2).
Calculate what happens to equilibrium price and quantity, when:

a. the demand curve becomes Q = 1,000 - 20P
b. the supply curve becomes Q = -200 + 25P (in relation to the baseline)

c. production expands by 25% due to technical change (in relation to the
baseline)
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4. Measures of Price Response

So far: have dealt only with directions of change, i.e."quantity demanded falls with an
increase in price.” To determine how much it falls, we need a measure of price response
of demand. Likewise, to determine how much quantity supplied rises with price, we need
a measure of price response of supply.

4.1 Price response for demand

Given Q, = f(P), then a natural candidate for response is:

Slope = -Q-Q'_ﬁ’l; where base quantity is Q,, and quantity after the price
DO

change is O, -

L

Sope =
Pe= P

However we cannot compare demand response of different goods which are measured
by different units (i.e. fish measured by tons; perfume measured by bottles)

Alternative: Elasticity

Ql - Qo
_%AQ, _ (G +0)/2 .
E= VAP P- P - a negative number
(R+R)/2

Example: O, =240-4P; F, =40, , =45;then
0, =240-4*40=80, O =240-4*45=60

20
= —-70 = -
€ _5- 2.43
42.5
point elasticity: & = 80,/0p
AP/P

e If the demand curve is linear and given by O, =a-bP , then
AQ, P b P

Example: 0, =240-4P
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What is price elasticity at price equal to 40?7 Ans. -2.
Factors affecting elasticity:
o Degree of substitutability with other products (more substitutable, more elastic)
o Durability (more durable, more elastic) e.g. computer demand is elastic; even
more so demand for semiconductors. Hence the distinction between short-run
and long-run elasticity.
o Budget share of the commodity (the larger the share, the more elastic)
Other demand elasticities

o Income elasticity: response to income Y.

c _%AQ,
Y %AY

If positive: normal good
If negative: inferior good

o Cross-price elasticity: response of Qp to a price change of another good P;.

%80

%= veap
J

If positive: substitute
If negative: complement

4.2 Price Response for Supply

How responsive is quantity supplied to change in price? Likewise apply an elasticity
measure.

_2A0s - positive number;

%AP
Qs1 _Qso
%AQ0; 0.5*(Qg +0O50) - o
£= = = (arc elasticity) = positive number
YAP P-P, ( y) 2> p
0.5(P, +£,)

dP _dQ P

Point elasticity: — / P dP O
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>0

for linear supply curve Q;, =—c+dP , then ¢=
—-c+dP

Factors affecting elasticity

nature of the product (e.g. rice versus hamburgers)
« time horizon (elasticity of supply tends to be higher in the long-run compared to
that of the short-run)

Problems

1. Supply is Q = -440 +125P; Demand is Q = 1000 — 163P. (See Handout No. 2). At
equilibrium, point elasticity of demand is while that of supply is

2. The demand curve is given by: Q = 100 - 2P

a. Compute the point elasticity of demand at P = 20.
b. Compute the arc elasticity for P = 20 to P = 25.

3. AtP =20, quantity supplied is 40. If the supply curve is linear and supply
elasticity is 0.8, what is the supply curve?
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5. Production and cost

5.1. Outputs from inputs

The producer

Who is the “producer’? The entity that can make organize the process of utilizing
resources to produce outputs. Example: farmer, fishpond operator, Microsoft, etc.

Production function

o the function that identifies the maximum output that a producer can achieve at
alternative combinations of inputs.

e Example: Q= f(L)= 4.5\ ; other input levels are fixed.

o The production function corresponds to a production schedule. In a single-input
case, it can also be represented by a Total Product curve.

e Purely an engineering relation; depends on physical laws plus state of human
ingenuity. Technology is given.

« Independent of preferences, or scarcity of resources, or prices of inputs or
outputs.

¢ Time horizons

— Short run: some inputs fixed.
— Long run: all inputs variable. In which case:

e A short-run production schedule can be shifted upward by:
- technological change
- greater quantities of a fixed input

Productivity relations

Average product (AP) = output per unit input; AP=Q/L
Graphically: the slope of the line connecting TP and the origin

Marginal product = additional output for the last unit of input

_AQ
T AL
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Law of Diminishing Marginal Returns: When only one input is being varied, additional
output per unit additional input eventually declines (i.e. MP must eventually fall towards

zero)

Why? Each additional unit has fewer of the fixed inputs to work with.

4.2, Cost

The concept of cost

e Economic cost: the value of opportunities foregone with particular choices.
Example: farmer owns property, uses a portion to dig a fishpond. Foregoes the
space that could have gone to growing a crop. This foregone net harvest is part
of the cost of the fishpond.

e Accounting cost: would only count actual market transactions as cost. Foregone
opportunities that do not involve market transactions are not included (i.e.
foregone use of land is often not included in inputs owned by the producer).
Example: cost of family labor.

e Private versus social cost: private costs refer to opportunity costs from the
viewpoint of a private individual. Some costs refer to foregone benefits from the
viewpoint of society, which may differ from the individual's viewpoint.

o Example: a hog farmer dumps waste into a stream = cost in terms of
immediate nuisance is low; however downstream reduction in fish catch,
loss in amenity value of stream, is ignored by the farmer.

o Divergence between marginal and social cost is widespread, but social
cost is difficult to measure (compared to private cost).

Fixed costs

o Fixed inputs > when valued, yields fixed cost (FC). Therefore holds only in the
short-run.

Equals total cost even when no variable inputs are used (i.e. no output is produced).
Variable costs

Cost of the variable inputs = variable cost (VC).

Total cost
Total cost (C) is defined as: C = FC+VC.

Cost function

TC = C(Q) > function that relates C with alternative levels of Q.
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Problems

1. Chair manufacturer using only labor, from 1 to 7 of labor. Calculate average and
marginal products.

Q AP MP

0 - -

10

17

22

25

26

25

~N|DIO|HIWIN = |OIr

23

Does this exhibit diminishing returns?

2. Suppose land rent is 100 USD per ha. and labor cost is 0.20 USD per hour. Fill in the
following table.

Land (ha) Labor Rice output Fixed cost Variable Total cost
(person- (mt per (USD per cost (USD per
hours per cropping) cropping) (USD per cropping)
day) cropping)

4 0 0 400 0 400
4 1 10 400 60 460
4 2 22 400 120 520
4 3 32 400 180 580
4 4 40 400 240 640
4 5 46 400 300 700
4 6 50 400 360 760
4 7 52 400 420 820
4 8 52 400 480 880
4 9 50 400 540 940
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6.Costs and Supply

6.1. Unit costs

Average costs

e Average fixed cost (AFC): AFC = £Q€ or the fixed cost per unit output. Of

course, this decreases as output increases.

« Average variable cost (AVC): AVC = VC/Q, i.e. variable cost per unit output.

. Average cost (AC): AC = C/Q =AFC+AVC, i.e. cost per unit output.

Marginal cost

Marginal cost (MC):

2 additional cost per unit change in output, (or how much cost will fall if output is

reduced by one unit).

Example:
Output Total Fixed Variable | Marginal | Average | Average | Average
cost cost cost cost cost variable fixed
cost cost
0 30 30 0 - - - -
1 35 30 5 5 35 5 30
2 60 30 30 25 30 15 15
3 110 30 80 50 37 27 10
4 200 30 170 90 50 43 8
5 320 30 290 120 64 58 6
6 600 30 570 280 100 95 5

6.2. Marginal cost and production

Case of one variable input

« In this special case, the shape of the cost curves can be determined from
the product curves

e We have: MC =

AQ

e When MP is rising, MC is falling, and where MP is falling, MC is rising.

e Hence, MC is rising < due to diminishing returns.
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Case of more than one variable input

in the short run there may be more than one variable input. Marginal cost may
still be upward sloping -> use muitiple variable version of diminishing returns
(i.e. concavity)

6.3. Returns to production
Revenue

So far we have discussed costs and production. We now move to the revenue
side. Impose a fixed price assumption (highly applicable to agricultural
markets; questionable in many other cases).

R =P*Q=R(Q).

Hence, we can write profit as:

" Profit= R(Q) - C(Q)

Marginal revenue

o Marginal revenue or MR: change in revenue per unit change in output sold.

e Under a fixed price assumption: each unit sold adds its own price to total
revenue, hence price equals marginal revenue, that is:

P=MR.
6.4. Profit-maximization

Consider the case in which the producer is in the market (i.e. producing). Question:
how much does it produce?

The problem is to maximize profit (denoted by 7) by choice of Q. Consider the
change in profit as Q changes.

Change in profit can be split into: change in revenue and change in cost.

—— =——_"= > change in profit= MR - MC = P — MC.

For an additional unit of Q:
If change in profit is positive: keep on adding output [P > MC]
If change in profit is negative: cut back on output [P < MC]

Example:

4
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Q P TR I1C MC
0 30 0 0 -

1 30 30 25 10
2 30 60 40 15
3 30 90 60 20
4 30 120 85 25
5 30 150 115 30
6 30 180 150 35

Marginal revenue is equal to price = 30; this equals marginal cost at Q = 5. Total

profit is 35.

6.5. Supply

Individual producer's supply

Profit maximization: for every P, set Q such that P = MC.

Hence, P = MC(Q) = Q) . That s, frelates Qto P (through marginal cost).

For a producer that is in the market: The individual supply curve corresponds to its
marginal cost curve (as long as it is producing).

Market supply

Obtained by horizontal addition of individual firms’ supply curves.

Problem

Given the schedule of output and total cost given in Problem 2, Handout No. 5. Fill in
the following tables (costs are in USD per cropping).

Output

Total
cost

Fixed
cost

Variable
cost

Average
cost

Average
variable
cost

Marginal
cost

0

10

22

32

40

46

50

52

52

What is the profit-maximizing supply when the price is 307
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7. International Trade: Introduction

7.1. Absolute advantage

What do nations gain when they trade?

Assumptions

e Labor is the only resource

e Marginal product is constant (which implies: marginal product = average product)
o Earliest theory: Absolute advantage

= A nation will sell goods in which its average productivity is superior to that of
other countries.

= Example: Given existing machinery, 100 person-days of labor can yield:

Table 1.

Cellphones Cameras
Japan 20 20
Sweden ‘ 25 15

Japan has absolute advantage in Cameras.

Sweden has absolute advantage in cellphones.

This suggests a “gain from trade.”

Japan will sell cameras to and buy cellphones from Sweden.

7.2. Comparative advantage

Consider the following situation: 100 person-days of labor

Table 2.

T-shirts Spark plugs
Japan 200 100
Cambodia 100 1

Japan has absolute advantage in T-shirts and spark plugs.
There seems to be no gain from trade.
So there will be no trade between Japan and Cambecdia.

e Over a hundred years ago, the economist David Ricardo showed that the above
analysis is incorrect. In Table 2 there is a potential gain from trade.
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o What matters is not absolute productivity, but relative productivity. In other words
it is not absolute but comparative advantage which is a source of gains from
trade.

o In Table 2: Cambodia gives up 1 spark plug to get 100 T-shirts. In Japan, the
opportunity cost of 100 T-shirts is 200 spark plugs. Cambodia has a
comparatively higher productivity in T-shirts (opportunity costs are lower).

o Meanwhile: Japan gives up 2 T-shirts to get 1 spark plug; Cambodia must give up
100 T-shirts to get 1 spark plug. Japan has comparatively higher productivity in
spark plugs (opportunity costs are lower).

« Trading scenario: Japan will trade as long as relative price (exchange ratio) of
spark plugs (for shirts) is greater than 2. Cambodia will trade as long as the
relative price is below 100. At some in-between exchange ratio (e.g. 50 shirts per
spark-plug), both countries gain from trade.

Country Product x Product y
A 4 5
B 2 4

A has absolute advantage in both products.

But relative cost of Product y is 4/5. In country 8 the relative cost of product y is 2.
Then country A will gain by buying preduct y from country B.

Relative cost of Product x in country A is 1.2; in country B the relative costis 2. Then
country B will gain from buying product x from country A.

Possible exchange rate: 1.5 of product x per 1 unit of product y. Country A sells x,
gets 0.3 more of y per unit of x; Country B buys x, and saves on 0.5 of x per unit of y.
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Problem

Country Per 100 person-hours

Units of garment
China 8

Philippines 6

China has the absolute advantage in

_Philippines has the absolute advantage in

Units of silicon chip
4

2

China has the comparative advantage in

opportunity cost of 1 of is only units of
the Philippines the opportunity cost is units.

Philippines has the comparative advantage in

. This is because the

. Meanwhile for

. This is because the

opportunity cost of 1 of is only units of

China the opportunity cost is units.

. Meanwhile for

At an exchange rate of garments for 1 silicon chip, both countries stand to

gain from trade. This is because Philippines will get an extra

, while China can get units of

units of

oo
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I. INTRODUCTION
i. What is Environmental Economics?

a. Economics — The study of how and why “people” (consumers, firms, non-profit
organizations, government agencies) make decisions about the use of valuable and
limited resources (labor, land, capital) to meet unlimited wants/desires.

b. Environmental Economics - Focuses primarily on how and why people make
decisions that have environmental consequences. Also focuses on how we change
economic institutions and policies to bring those environmental impacts more into
balance with human desires and the needs of the ecosystem itself.

ii. What is Natural Resource Economics?

The study of how different natural resources or raw materials (input) are manipulated
and transformed to produce consumer goods (output) by the production process.
These resources include:

a. Renewable Resources — grows in tim and replenishes according to biological
processes

Renewable Common-Property Resources (fisheries)
Reproducible Private-Property Resources (agriculture)
Storable, Renewable Resources (forests, sunlight/solar)

b. Non-renewable Resources — there are no processes of replenishment (once used,
gone forever)

Depletable & Nonrecyclable Resources (petroleum, coal, uranium)
Recyclable Resources (minerals, paper, glass, plastics)
Replenishable But Depletable Resources (water)
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c. How Does Environmental Economics Differ from Traditional Economics?

Nature of Market

Traditional Market

Environmental Market

Goods Demanded

Market Structure

Differences
1. Nature of Good
(Private vs Public)

2. Time
(Static vs Intertemporal)

Apples, Cars, TV, Books

Well-defined

Private Good
-rivalry & excludability properties

Static

- Most efficient way of producing goods
Jrom economic theory.

e.g. To produce TVs, theory dictates the
most efficient mix of electricity, labour,
and plastic to produce TVs at the lowest
cost. Producing an additional TV today
does not prevent the production of a TV
tomorrow

Clean air, Clean water, Ocean fisheries,
Healthy forests, Diverse Species (bio-
diversity)

Not well-defined

Public Good
- can be enjoyed (“consumed” by many
individuals simultaneously without

affecting individual consumption [non-
rivalry & non-excludability] !

Intertemporal

- Consumption decisions of some
environmental goods may be irreversible
and may have profound effects on general
well-being of future generations

- Burn fossil fuels today, create
environmental problems for the future.

- Extinction occurs (whales, turtles).

- Generation of nuclear wastes (which
retain radioactivity for hundreds of years)

" rivalry - if | pay and consume, less for others to consume

excludability - if 1 pay, | have rights to the good




[I. THEORY & FUNDAMENTALS OF NATURAL RESOURCE ECONOMICS?

To appreciate the process of how and why individuals make economic decisions that
impact the environment and natural resources, it is necessary to place some sort of value
on the various options (or actions) available. The use of criterions for judging the
desirability of the various options is herewith discussed.

1. Economic Efficiency
a. Static Efficiency ~ an allocation of resources is said to satisfy the static efficiency

criterion (or merely efficiency) if the net benefit from the use of the resource is
maximized by that allocation. That is, an allocation is deemed to be efficient when:

Total Benefits - Total Costs

TB(Q) - TCQ (1)

Max: Net Benefits

Max: NB(Q)

a.! Demand & Willingness To Pay (WTP)

Using the concept of Willingness to Pay (WTP), measurement of total benefits (TB) can
be derived from the demand curve of a resource. Given an individual demand curve, dd;:

0 "12 q, Quantity Good Y

Figure 2: The Individual Demand Curve

In Figure 2, the individual demand curve is constructed by asking the question, “At a
price of $P, how much of good Y would you buy?” The answer is then recorded as a
point on the demand curve. By repeating the question many times for different prices,
a locus of points can be traced. Connecting these points yields an individual demand
curve, dd.

Adding up all the individual amounts demanded by all individuals by some stipulated
price yields one point on the market demand curve. Connecting the points for various
prices reveals the market demand curve.

* Refer readings: Tietenberg, T. Environmental and Natural Resource Economics. Harper Collins
Publishers, 3™ Edition, New York. (1992): Chapter 2.




0
Figure 3: The Relationship of Demand to Willingness To Pay

In Figure 3, the corresponding point on the market demand curve represents the
amount of money a consumer is willing to pay for the last unit of the good, or the
marginal benefit (MB) that the consumer derives from each unit of good used. The
total willingness to pay (WTP) for, say, 4 units is the sum of the willingness to pay
for each of the 4 units - measured by the sum of the WTP for the first, second,
third, & fourth units, respectively.

The total WTP is the area under the continuous market demand curve to the left of
the allocation in questioned. Given that total WTP is the concept used to define total
benefits, it is, therefore, equal to the area under the market demand curve from the
origin to the allocation of interest (shaded region).

a.2 Total & Marginal Cost

Q
Figure 4: Measuring Total Costs

In Figure 4, total costs are measured as opportunity costs, i.e. the net benefit forgone
because resources providing the service can no longer be used in their next most
beneficial use. The marginal opportunity cost curve defines the additional cost of
producing the last unit. In purely competitive markets, the marginal opportunity cost
curve is identical to the supply curve.

Total (variable) cost is simply the sum of the marginal costs. Here, the total cost of
producing 4 units is equal to the cost of producing the first plus second plus third plus
the fourth unit. As with total WTP, the sum of the individual elements of a
continuous marginal cost curve is the area under the marginal cost curve (shaded).




a.3 Net Benefits

Q
Figure 5: Measuring Net Benefits

In Figure 5, which combines the information in Figures 3 & 4, equilibrium is
achieved when marginal benefit = marginal cost of production, P* =4 & Q* =4,

Since net benefit is defined as the excess of benefits over costs, it follows that net
benefit is equal to the portion of the area under the demand curve which lies above
the supply curve (shaded region)’.

Mathematically,

From Egq. (1), Max: NB(Q)=TB(Q)-TC(Q)

To maximize NB, take the derivative (NB/3Q) of net benefits and set equal to zero.
ONB/6Q = dTB/oQ - 0TC/eQ =0
Since 0TB/2Q - 6TC/8Q =0,
then dTB/eQ = dTC/aqQ.

Given that: dTB/6Q = marginal benefits (MB) & 6TC/0Q = marginal costs (MC), thus
net benefits are maximized when marginal benefits and marginal costs are equal.

Hence, MB =MC 2)

When condition (2) is met, net benefits are maximized and efficiency is achieved.

3 This criterion is derived from the Pareto Optimality concept. Under this concept, allocations are said to
be Pareto optimal if no rearrangement of that allocation could benefit some people without affecting at least
one other person. Efficient allocations are Pareto optimal. Since net benefits are maximized by an efficient
ajlocation, it is not possible to increase the net benefit by rearranging the allocation. Subsequently,
inefficient allocations are judged inferior because they do not maximize the net benefit. By failing to
maximize net benefit, they are forgoing an opportunity to make some people better off without harming
others.




b. Dynamic Efficiency
b.1 Choices Over Time

Since environmental decisions today can influence the quality of the environment and the
stock of a natural resource far into the future, dynamic considerations have to be taken
into account when valuing efficiency.

For example, exhaustible energy resources, once used, are gone. Biological renewable
resources (fisheries or forests) can be overharvested. So the question is, how can we
make choices when the benefits and costs may occur at different points in time?

Thus, dynamic efficiency is a generalization of the static efficiency criterion to address
choices when benefits and costs may occur at different points in time. This criterion
provides a way to compare the net benefit received in one period with the net benefit
received in another.

b.2 Present Value and the Time Value of Money

The concept that incorporates timing into comparing net benefits received in one period
with the net benefits received in another period is called Present Value.

However, let us first discuss another concept referred to as Future Value. Amounts in
the present will grow through some future dates. Given an initial amount of US$1.00
today invested at 10% interest yields US$1.10 a year from now - the return of the
US$1.00 principal plus US$0.10 interest.

Taking compound interest into consideration, the Future Value (FV) is computed as:

FV(X) = X(1 +1)"

where, X = value of initial investment, r = interest rate, and n = number of years.

Example 1: What could your US$1.00 earn in one year at 10% interest?

Using FVEX) = XQ+p°
Fv(l) = 1.00(1+0.1)"
FV(l) = Ll

Example 2: What could your US$100.00 earn in ten years at 10% interest?

Using FVEX) =  X(1+1)
FV(100) =  100.00(1 +0.10)"°
FV(100) =  259.00




Alternatively, the Present Value of US$1.10 received one year from now is, therefore,
US$1.00, because given US$1.00 now, you can turn it into US$1.10 a year from now by
investing it at 10% interest.

The general formula for the present value of a one-time net benefit {NB;} to be received
n years from today when the rate of interest is r is:

NB,

PVINB, ] = A+’

(3)

while, the present value of a stream of net benefits {NBy, ..., NB,} received over a period
of n years is computed as:

PV[NB,,..,NB,
[NB, 1= §(1+r)

4)

where, r is the appropriate interest rate, and NBy is the amount of net benefits received
immediately. This process is called discounting.

Example 3: What is the present or discounted value of US$1.40 received three years from
now at 12% interest?

Using PV(X)
PV(1.40)

Ba/(1+1)
1.40/(1 +0.12)° = 1.00

Example 4: What is the present value of US$1000 payable in ten years, if the discount
rate is 8%7?

Using PV
PV(1000)

Bn/(l +1)"
1000/ (1 +0.08)' = 463

Example 5: What is the present value of the following pattern of net benefits on the last
day of each of the next five years: US$3,000, US$5,000, US$6,000, US$10,000, and
US$12,000, given that interest rate is 6% for those five years?

Usi PV[NB,....,NB,
ng [NB, ]= §(I+r)

__3000 5000 6000 10,000 _ 12,000
(1+0.06)  (1+0.06)> (1+0.06) (1+0.06) (1+0.06)°

PV =2830.2 +4449.9 + 5037.7 + 7920.9 + 8967.1 = US$29.205.8

This means that if US$29,205.8 is put into a savings account earning 6% interest and US$3,000, USS5,000,
US$6,000, US$10,000, and USS12,000 is withdrawn from that account on the last day of each of the next
five years, the balance in the account at the last day would be zero. Thus, one should be indifferent to
receiving USS$29,205.8 now, or in the specific five-year stream of benefits totalling US$36,000; given one,
you can get the other. This method translates everything back to its current worth.




Exercise 1:

In the context of environmental and resource economics, determine the desirability of a
project to upgrade a sewage treatment plant in Malaysia to protect area beaches and other
marine resources. Assume that in each year of the project (lifetime), the rate of interest to
be used is 10% while the benefits and costs are as follows:

Year __ Benefits Costs

2004 ... (Present).......

2005 US$200 US$550

2006 US$250 US$200

2007 US$400 US$100

Hint: In order to determine if the project is a good idea, one must take the PV of the benefits and costs in
each year and then determine if the PV of the benefits minus the present value of the costs (present value of
the whole time stream of net benefits) is positive or negative,
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c. Sources of Inefficiency (Market Failure)

When markets fail to allocate resources in an efficient manner, the resulting inefficiency
is referred to as market failure. In general, five categories of market failure exists:

(1) extemnalities,

(2) public goods,

(3) imperfect competition,

(4) imperfect information, and

(5) inappropriate government intervention / government failure.

c.l Externalities

o Externalities exist when the price system fail to allocate resources efficiently. This
occurs when “ ... the welfare of some agent, either a firm or household, depends on his or
her activities and on activities under the control of some other agent as well”'.

e A negative externality or external diseconomy arises when another person’s actions
affect me adversely. [Example: I am concentrating in class when two other students start
to talk loudly. Their actions reduces my concentration in class].

e A positive externality or external economy arises when other people’s actions affect me
positively. [Example: My neighbour’s attractive garden help me sell my house at a
premium].

e Both the above types of externalities involve no exchange through a market. In the case
of my neighbour, he/she is not paid anything for the benefits others receive from the
garden. In the class example, those students do not help me understand the materials
better while distracting me.

e Examples in environmental natural resources include air and water pollution — cases
where individuals and firms discard waste products into the environment without
acknowledging the damages these products cause to others.

! Callan & Thomas, Chapter 3.
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e Under basic economic competitive market assumptions, supply represents the marginal
costs of production while demand represents the marginal benefits of consumption, both
based on private or internal decision making. Thus:

Supply (S): P 10.0 + 0.075Q  (Marginal Costs: MC)
Demand (D): P = 42.0 - 0.125Q  (Marginal Benefits: MB)

o [n the absence of externalities, private costs are equal to social costs (since zero social
costs are present). Thus, we can formally refer to the supply function as the marginal
private cost (MPC) of production while the demand relationship is referred to as the
marginal private benefit (MPB) function. Thus:

MPC: P = 10.0 + 0.075Q
MPB: P = 420 - 0.125Q

e In Figure 1, the competitive equilibrium is achieved at P; & Q..

P

S=MPC

D =MPB

Q

Figure 1: Competitive Equilibrium: Supply (Marginal Private Costs) and
Demand (Marginal Private Benefits) Curves

o However, when externalities are present, a polluting firm incurs private costs
(consisting of land, labor, and capital costs for the producers, which are costs to both the
producer and society as a whole), as well as social costs (which include the above
mentioned private costs plus additional external costs consisting of the damage generated
by industrial pollution to society) through its normal operation of the price system.

o Hence, if we were to model the hypothetical marginal external cost (MEC) function as
MEC = 0.05Q, the MEC must be added to the firm’s MPC to derive the marginal social
cost (MSC) equation as shown below:

MSC = (MPC) +  (MEC)
= (10 + 0.075Q) + (0.05Q)
MSC = 10 + 0.125Q




¢.2 Public Goods

o Public goods are defined as those that exhibit both consumption indivisibilities (non-
rivalry) and non-excludability.

¢ Non-rivalry refers to a circumstance where one person’s consumption of the resource
does not diminish the amount available for others (zero marginal cost).

¢ Non-excludability refers to a circumstance where once the resource is provided, even
those who cannot afford to pay for it cannot be excluded from enjoying the benefits that it
provides.

o The following spectrum in Figure 3 describes the level of “pureness™ of public and
private goods. Goods exhibiting the highest degree of non-rivalry and non-excludability
properties are described as “pure public goods”, while goods that exhibit the lowest
degree of non-rivalry and non-excludability properties are described as “pure private
goods”.

High degree of non-rivalry Pure Public Goods
100%
clean air
national defense ®
® pay/cable TV mosquito control

view of Penang Bridge*
biological diversity

@ National Zoo
Penang Bridge
National Parks

wild berries at park®

MacDonald'’s fishing at public ponds
@ apple
Pure Private 100%
Goods High degree of non-excludability

Figure 3: The Spectrum of Public & Private Goods®

} Adapted from Kahn, J. R. Chapter 2.




e Market failure exists because the market fails to provide an efficient allocation of
resources due to the existence of (public) goods that can be provided to users at zero
marginal cost and must be provided on a non-exclusive basis to everyone.

o Given the non-excludability nature of a public good (where once the resource is
provided, even those who cannot pay for it cannot be excluded from enjoying the benefits
that it confers), consumers may hide their true willingness to pay (or even underpay).

o Unlike private goods whereby the market demand curve is found by summing up
individuals' demands horizontally, individual demand curves for public goods are added
vertically. This is because once such a commodity if provided, it is available at the same
quantity to all consumers (non-rivalry characteristic). Each consumer should thus express
a unique “willingness-to-pay” for the public good based on the benefits each expects to
derive from consumption.

Combined Demand / WTP

Quant. Consumer 1’s WTP Consumer 2’s WTP for Consumer 1 & 2
Demanded p1=10-0.1Qq p2=15-0.2Q p1+p2=25-0.3Q,

0 10.00 15.00 25.00

5 9.50 14.00 23.50
10 9.00 13.00 22.00
15 8.50 12.00 20.50
20 8.00 11.00 19.00
25 1.50 10.00 17.50
30 7.00 9.00 16.00

« Figure 4 considers a situation with two individuals (A & B) and their demand curves
for a public good (Da & Dsg). Because individual A values the public good more, his
demand curve is always above that for individual B, i.e. individual A is willing to pay
more for any given quantity than individual B.

P

Market Demand, DD

MC

Q

Figure 4: Public Goods & Inefficiency




e The market demand curve (DD) is represented by the vertical summation of the
individual demand curves because everyone can simultaneously consume the same
amount of public good (non-rivalry characteristic) and also producing one more unit of
the public good would benefit both people (non-excludability characteristic).

e Assuming a constant marginal cost (MC) or supply (SS) curve, market equilibrium is
met at point Z [where MC (SS) = DD]. Since net benefits for the public good are
represented by the portion of the area under the market demand curve which lies above
the MC curve, Q* would be the socially optimal level of output that maximizes net
benefits.

o However, given the inherent characteristics of public goods (non-rivalry & non-
excludability), the free-rider problem — where consumers receive the benefits of any
public good purchased by others — prevents the provision of any optimal level of output
(Q*) to be realized.

e Consider the demand curves below: Individual B would be willing to purchase qp
amount of the public good since this is the amount that would maximize his individual
net benefits. When individual A comes along, he notices that individual B has already
purchased qp, and would therefore only need to purchase (qa — qb) to maximize his own
individual net benefits (given that qp had already been purchased). As such, the efficient
level of output (Q*) can never be realized since total collection from individuals A & B
would be sufficient to defray the cost of qq units only.

¢ The importance of public goods to the study of natural and environmental resources
stems from numerous types of environmental pollution (air, water), destruction of bio-
diversity, management of fish and wildlife populations, and heritage conservation.




c.3 Imperfect Competition

o Imperfect competition occurs when either the buyer (monopsony) or seller (monopoly)
in the market is able to exercise an inordinate amount of power over the price or output.

o Consider a market where only one seller exists (monopoly). In Figure 5, the monopolist
maximizes its profits by equating marginal revenue and marginal costs of production
(MR = MC at point Z). Equilibrium output and price levels are Qum & Pwm respectively.

« In contrast, output and price in a competitive market are Qc & Pc respectively.

e Thus, the monopolist output (Qu) is lower than the efficient output level under perfect
competition (Qc); the monopolist also charges a higher price (Pm) compared to the
competitive price (Pc).

o For output between Qu and Qc, the benefits of the good are more than the costs of the
good. This excess benefit (depicted by area QYZ) represents the costs to society of
having this lower than optimal level of output due to actions taken by the monopolist.

P
S
P Q
M
MC (=MPC =MSC)
PC — =
R Demand (= MSB)
0 Qv Q

Figure 5: Imperfect Competition (Monopoly) & Inefficiency

¢ Under competitive market conditions, demand represents the marginal social benefit
(MSB), while supply represents the marginal private and social costs of production (MPC
= MSC) since no externality is present in this case. '

o However, the monopolist’s marginal revenue function (MR) represents its marginal
private benefits to the firm. Hence, its MR = MPB.

o Thus, the monopolist do not maximize net social benefits by equating marginal social
benefits with marginal social costs (MSB = MSC at point Y) but equates marginal private
cost to marginal private benefit (MPB = MPC at point Z) at output Qy instead. This
output level is lower than the socially optimal level of Qc.

¢ The importance of imperfect competition to the study of natural and environmental
resources is related to many extractive industries such as OPEC, which forms a cartel
resulting in higher than normal prices and lower than normal production. Other examples
include regulated monopolies such as electric power and natural gas industries.




c.4 Imperfect Information (Uncertainty)”

o Imperfect information means that some segment of the market — consumers or
producers or both — does not know the true costs or benefits associated with the good or
activity. Under this scenario, one would not expect the forces of supply and demand to
equate marginal social benefits with marginal social costs (i.e. MSB # MSC).

e Instances in environmental and natural resource economics where imperfect
information occurs include destruction of rainforests (bio-diversity), and the hazards of
using chemicals in homes (pesticides, solvents etc.).

» However, one must be careful to distinguish between imperfect information involving a
public good and an externality, and imperfect information involving a private good.
Destruction of rainforests and bio-diversity involve public goods and externalities. There
is an inherent market failure in the indiscriminate destruction of rainforests based on
comparisons of private costs and benefits, not social costs and benefits. There is also
imperfect information in that the exact science of bio-diversity is not yet fully
understood. In such cases, imperfect information does not cause market failure per se.
However, it makes it more difficult to develop public policy dealing with the particular
market failure.

¢ On the other hand, the hazards and dangers of using chemicals in homes (pesticides,
solvents, styrofoam) are not an externality; rather, it is a by-product of mankind’s
activities. Market failure occurs when people do not understand the true health
consequences of using these chemicals and do not take proper mitigative measures
(abstainment, reduction in use, using alternative products, recycle). If people understood
the dangerous health consequences of these products, there would be an adjustment of
prices and corrective measures to generate the optimal level of use on these products in
the long run.

¢.5 Inappropriate Government Intervention / Government Failure

¢ Market failure occurs when governments interfere with the free market and causes a
disparity between private and social values. In such cases, the government intervenes in
the economy not to correct a divergence between private and social costs, but for some
other purpose, thereby causing a divergence between private & social costs.

e Government failure exists when political rather than economic institutions causes
environmental problems and creates inefficiency. Special interest groups (e.g. logging,
tobacco, petroleum companies and even landowners) use the political process to engage
in rent seeking to secure protective legislation. Successful rent seeking might increase the
net benefits going to that special interest group, but it will also frequently decrease net
benefits to society’, thus contributing to an inefficient outcome.

* Refer readings to Kahn, J. R. Chapter 2.
% For additional readings, refer Tietenburg, Chapter 3.




Training Workshop on Natural Resource Economics & Research Methods
Conducted by the Policy Research & Impact Assessment Program
WorldFish Center
(23 Feb - 03 Mar 2004)

Natural Resource Economics
(Lecture 3)

ii. Policies to Address Efficiency Goals

Environmental problems surface when resource allocations are either inefficient or
expected to leave future generations worse off than the current generation. Various forms
of policies are seen as corrective measures to improve social welfare'. These measures
include: (a) decentralized policies, (b) command-and-control strategies, and (c) economic
incentive-based strategies.

i. liability laws

ii. property rights
iii. moral suasion

i. emission standards
ili. technology standards
ili. emergency restrictions

i. emission taxes

ii. subsidies

ili. market./transf. permits
iv. deposit-refund systems

' While government intervention is discussed in this section, it is by no means the ultimate form of
corrective measure in combatting inefficient resource allocations. Government intervention could
sometimes be the cause of the problem (via distorting taxes, subsidies, regulations, restraint of trade or even
special interests) and less rather than more government might be the most direct solution.




a. Decentralized Policies’

Decentralized policies refer to those that allow individuals/parties involved to work it out
themselves. Decentralized approaches have the common advantage that parties directly
involved are the ones who may know the most about damages and abatement costs, and
therefore can presumably find the right balance between them.

These decentralized policies include: (1) liability laws, (2) property rights, and (3) moral
suasion.

a.l Liability Laws - involves the court of law with a defendant (accused polluter) against
a plaintiff (party claiming damage). By law, if an individual agent inflicts a damage to
another party, liability rules allow the damage costs to be attributed to the agent who
caused the damage.

These laws will tend to bring private and social costs into line, while also introducing an
incentive to force would-be polluters to make careful decisions. Knowing that they will
be held liable for environment damages in effect internalizes what would otherwise be
ignored external costs or effects.

Advantages
e Efficient level of pollution could be reached as both parties (polluters & those

damaged) weigh the relative compensation and abatement costs via laws.

e Useful when polluter behavior is extremely difficult to monitor (e.g. oil spills).

o Useful when relatively few people are involved, causal linkages are clear, and damages
are easy to measure.

Disadvantages

e Burden of proof need to be met and it is extremely difficult to proof causality given
current scientific knowledge (e.g. cigarettes cause cancer?)

o Unlikely to work in large-scale (when large numbers of people are involved),
technically complicated environmental problems of contemporary societies.

o Transactions costs may be high (e.g. legal costs, gathering evidence, presenting case,
challenging opponents etc.)

¢ Long time lags

? Refer readings to Field, B. C. Environmental Economics. McGraw-Hill, Inc. New York, (1994): Chapter
10.
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a.2 Property Rights — refers to “a bundle of entltlements defining the owner’s rights,
privileges, and limitations for use of the resource™. An efficient (well-defined) property
rights structure has these main characteristics:

¢ Universality: All resources are privately owned, and all entitlements are completely
specified.

¢ Exclusivity: All benefits and costs accrued as a result of owning and using the
resources should accrue to the owner, and only to the owner, either directly or
indirectly by sale to others.

¢ Transferability: All property rights should be transferable from one owner to another
in a voluntary exchange.

¢ Enforceability: Property rights should be secure from involuntary seizure or
encroachment from others.

Advantages

e When property rights are established, the public-good environmental quality can be
transformed into a private good and efficient allocations are possible since owners and
others who would like to use environmental assets can negotiate agreements that
balance the relative costs of different alternatives.

o Individuals involved in decentralized bargaining may know more about the relative
values involved ~ abatement costs and damages - than anyone else, so efficiency
outcomes may be expected.

e There is no need for central bureaucratic organization to make decisions, which may
turn out to be counter productive or political in nature.

Disadvantages

¢ The main characteristics of well-defined property rights structure may be difficult to
adhere to, thus breakdowns may occur.

e High transaction costs may occur given large and complex cases of environmental
degradation where free-rider problems abound.

? Tietenburg, Chapter 3.




a.3 Moral Suasion — refers to government programs of persuasion that appeal to a
person’s sense of moral values or civic duty, in order for him/her to voluntarily refrain
from taking part in environmental degrading activities.

Advantages

¢ May be effective if people (household, firm or organization) who are being asked to
change their behavior believe it is in their individual or collective interests to do so (e.g.
Say NO to Smoking!).

e Preferred method when violaters are normally scattered throughout a population in a
way that makes it impractical to monitor them and detect violations as they occur (e.g.
Singapore’s cleanliness programs).

¢ May have widespread positive spillover effects as citizens are brought to feel a greater
sense of civic virtue (e.g. recycling programs).

Disadvantages

¢ Not all people are equally responsible from an ethical standpoint as some people will
respond to moral arguments, while others will not. The burden of this policy falls on the
part of the population that is morally more sensitive; those who respond less to moral
arguments will be free riding on the others, enjoying the benefits of others’ moral
restraint but escaping their rightful share of the burden.

o In the long run, moral free riding may tend to erode the general level of civic and moral
responsibility. Although perhaps effective in the short run, it could actually have the
opposite effect in the long run.




b. Command-and-Control Strategies’

Command-and-control strategies or direct controls refer to enforcement machineries (e.g.
courts, police, fines) used on individuals to bring about socially desirable behavior.

This approach relies on various types of standards in order to improve environmental
quality. In general, a standard is simply a mandated level of performance enforced by
law. The spirit of a standard is, if you want society not to do something (e.g. pollution),
pass a law prohibiting it, and the authorities would be entrusted to enforce the law.

There are three main types of standards: (1) emission, (2) technology, and (3) emergency
restrictions. Others include ambient, performance and health standards.

b.1 Emission (Performance-Based) Standards — refer to never-exceed levels applied
directly to the quantities of emissions coming from pollution sources. These standards
limit the discharges of specified pollutants.

Emission standards are a type of performance standard because they refer to end results
meant to be achieved by polluters who are regulated. However, these standards do not
stipulate the technology to be used to achieve the desired pollution limit, thus allowing
polluters to choose themselves each individual method to meet emissions limit.

Examples are requirements that farmers reduce their use of a particular pesticide below
some level; upper limits on the quantity of residuals flow per minute; and, emission
concentration of parts per million of biochemical oxygen demand (BOD) in wastewater.

b.2 Technology Standards — also termed as “design standards” or “engineering
standards”, these types of standards require potential polluters to adopt certain specified
equipment/technology/techniques/practices for pollution abatement.

It actually dictates to polluters certain operating practices or particular equipment to be
used in the precise same way.

Examples would include a requirement that all cars use unleaded gasoline; all
motorcycles are equipped with catalytic converters; and the prohibition of all CFC related
equipment within a specified period.

* Field, Chapter 11.
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b.3 Emergency Restrictions — these direct controls are used as temporary bans on specific
polluting activities to reduce emission levels during emergency conditions.

These direct controls, used during events that occur in random or unpredictable fashion,
would be favorable over taxes, which may not provide enough flexibility to adequately
deal with the new set of circumstances.

For example, automobiles with either odd or even numbers are not allowed to travel
during high pollution days in Mexico & China. In Malaysia, when the air pollution index
reaches a certain level, open burning is banned.

Advantages

» Standards are popular because its targets are clearly specified, simple, and direct. Easy
to implement, commonly used, and highly effective. Authorities enact specific
standards, injunctions or other immediate prohibitive treatment once a problem is
identified. Failure to comply would result in punitive reparation. So a certain degree of
certainty that pollution will be reduced is guaranteed when monitoring is difficult.

e Standards also agree with our ethical sense that pollution is bad and ought to be
declared illegal. No-nonsense instrument that deny polluters a license to pollute.

e Appropriate when externality imposes a high-localized level of social cost, such as
hazardous waste and that these costs can only be reduced by a reduction in the
externality generating activities.

e Standards do not require tax collections and may therefore have lower administrative
costs as compared to emission taxes.

e Appropriate during presence of unpredictable emergency events.

Disadvantages

o Standards assume perfect information and zero transaction costs exists. This is not
always the case in the real world.

» Standards get set through some sort of political/administrative process that may be
affected by all kinds of regulatory distortions (e.g. vested interest, lag time).

* Standards require polluters to adopt the same technological solutions, regardless of
whether such technologies are the most efficient available, regardless of whether
polluters have equal costs of reducing pollution, and regardless of whether costs of
reductions exceed the benefits.

¢ Uniform emission restrictions may not allocate production between plants optimally as
it fails to equate marginal social costs across different plants.




¢ A technology standard places the burden on the government to make the correct
technology decisions. As polluters are not charged for their emissions (polluters do not
pay the full marginal social cost of their output), there exists no incentives or rewards to
finding better approaches to reduce emissions.

e There is also an incentive not to look for new control technologies because firms fear
that they will be forced to adopt any new technology that works, regardless of cost.

o Enforcement or monitoring may be a problem since public enforcement agencies
always work under limited budget.

¢. Economic Incentive-Based Strategies

As opposed to defining certain behaviors as legal or illegal and specifying penalties for
engaging in illegal behavior, economic incentive-based strategies rely on making
individual self-interest coincide with the social interest.

There are four main types of economic incentive-based strategies: (1) emission taxes, (2)
subsidies, (3) marketable/transferable discharge permits, and (4) deposit-refund systems.

c.l Emission Taxes — polluters are required to pay a pollution charge (or tax) according to
the level of their emissions. Since externality-generating polluters do not produce at the
level where marginal private social costs are equal to marginal social costs, a pollution
charge is necessary to induce the necessary optimality conditions to hold.

The increased cost due to the pollution charge causes an optimal reduction in total
industry emissions. The essence of the tax approach is to provide an incentive for
polluters to find the best way to reduce emissions, rather than having a central authority
to determine how it should be done.

Advantages

* The imposition of pollution charges induces polluters to invest in R&D for pollution
abatement alternatives since the polluter still has to pay charges for the optimal amount
of pollution (as long as the costs of emissions controls are less than the tax).

* By leaving polluters free to determine how best to reduce emissions, we call into play
their own energy and creativity and their desire to minimize costs, in order to find the
least cost way of reducing emissions.

¢ Provides a source of revenue for the government while correcting the distorted pattern
of resource use that results when environmental resources are used as free inputs.

* This is in contrast to the effects on an output tax.




Disadvantages
¢ Cost-minimizing industries view such charges (taxes) as an added burden to their
production plans, and hence, will typically resist the enactment of such programs.

e Pollution charges and taxes suffer from administrative and bureaucratic inefficiencies.
There exists a lag time necessary for these policies to take effect. These reforms are
also often very difficult to implement in a short period of time and not practical during
periods of emergency.

e Will not have as much certainty of achieving the target level of pollution when
compared to command and control policies since policy makers seldom have perfect
information on the responses of polluters to the taxes.

e Errors in tax rate might have carry-over effects on other parts of the economy.

¢.2 Subsidies - given the reasoning that if a system of taxes can reduce pollution, a
mirror-image set of subsidy payments can also achieve the same results. The subsidy acts
as a reward for reducing emissions; while also acting as an opportunity cost, because
when a polluter chooses to emit a unit of effluent, it is in effect forgoing the subsidy
payment it could have had if it had chosen not to produce that unit of effluent instead.

Subsidies for environmental cleanup fall into two categories: (i) those that subsidize the
cost to firms of installing necessary pollution control equipment, and (ii) those that pay
firms directly for the amount of pollution they produce or don’t produce.

Advantages

o Theoretically should work given the same incentives as an emissions tax. Essentially
subsidizing a negative externality.

Disadvantages
* Subsidies transfer resources toward polluters since they are receiving a payback rather

than making a payment. This might not be politically acceptable as politicians would be
reluctant to support a system that pay polluters.

e Subsidies for pollution control rarely produce desired results and can, in fact, cause
more environmental problems by reducing the costs of production of goods having
external costs.

 Emissions per firm may go down but the number of firms in the industry, and therefore
total emissions, may increase.

o Strategic behavior might result as firms increase their initial amount of pollution before
the system goes into place in order to obtain a larger subsidy.




¢.3 Marketable/Transferable Discharge Permits® — a system where property rights are
defined for environmental resources and then offered for sale to the highest bidder.

Under this system, the environmental authority specifies the acceptable level of pollutant
emissions (ceiling) and issues a specific number of permits for this amount. These initial
permits are allocated freely, sold at a price, or auctioned by environmental authorities to
perspective polluters.

Polluters may then trade these permits among themselves. Market forces provide all
necessary trade information and dictate a market-clearing price for those permits. This
results in cost-minimizing.

Advantages

o Politically more acceptable for people to agree on a pollution-control policy that begins
by distributing valuable new property rights than by notifying people they will be
subject to a new emissions tax.

¢ Because the marketable/transferable discharge permits system responds to market
demand and supply forces, the system is independent of bureaucratic decision-makings
once the permits are issued. The administrative costs are not excessive because trades
are made in observed markets.

e The environmental authority can directly limit pollution to their target level by
restricting the quantity of permits distributed.

e Similar to pollution tax, this system induces polluters to invest in R&D for pollution
abatement alternatives because by not reducing their emissions, firms are forgoing the
increased revenues they could have obtained by selling some of their permits. However,
compared to a tax, this system is politically more acceptable.

» There is an incentive for sources to police/monitor themselves, at least informally, since
firms who are cheating are essentially lowering the market price of permits.

Disadvantages
o When market power exists among polluting plants, certain plants may form a cartel and

attempt to manipulate the market-clearing price of the permits. This diminishes the
cost-effectiveness of the system.

e This system takes the burden of pollution control out of the hands of engineers and
places it under the operation of a market.

o Problems such as who get the permits at the beginning, the strength of their incentives
to minimize costs, the transaction rules set by the administering public agency, and the
ability to monitor and enforce compliance may surface.

S For an indepth discussion on this topic, refer to Baumol, W. J. and Oates, W. E. The Theory of
Environmental Policy. Cambridge University Press, New York, (1993): Chapter!2.
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c.4 Deposit-Refund Systems (DRS) ~ this strategy combines the characteristics of a tax
and a subsidy in order to promote actions by individuals or firms that otherwise would
not have been undertaken.

By imposing a deposit (tax) in the amount of the potential damage during the initial stage
of the transaction, individuals or firms are charged for the rights to inflict negative effects
on the environment.

A subsidy (refund) is then offered when certain conditions are met or when those rights
are not exercised. This system is well suited to situations where a product is widely
dispersed when purchased and used, and where disposal is difficult or impossible for
authorities to monitor.

For example, in the USA, a number of states have enacted DRS for beverage containers,
both to reduce litter and to encourage recycling. Others include waste lubricating oil,
batteries, and automobile tires.

Advantages
¢ DRS allow the polluter to look for the least-cost manner to dispose hazardous waste, as
the deposit becomes a fee if the polluter does not comply satisfactorily.

¢ The onus is on polluters to prove their compliance to the authorities, thus saving on
monitoring, record keeping, and other informational gathering costs.

» Even if illegal or improper disposal of hazardous waste were to persist, the government
may clean up the environment themselves since the actual or expected damages is
already covered by actual payments in the form of the deposit (tax).

e Few regulatory distortions would exist among the various government agencies as
bureaucratic fragmentation is minimized.

Disadvantages

o If the deposit part of the DRS is badly designed or subject to low-cost abuses,
incentives may arise for “pirate-producers” to produce the refundable items specifically
for the purposes of being turned in to collect the refund.
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iii. Valuing the Environment for Environmental Decision Making
a. Economic Inpact Analysis’

¢ Economic Impact Analysis requires a basic understanding of how economies function,
and how their various parts fit together.

e Basically, it centers on how some action — a new law, a new technological
breakthrough, a new source of import — will affect an economic system. Some level of
econometrics may be required at some point.
o Selected examples include: Studying ...

* the impact of environmental regulations on growth rates and unemployment,

* the effects of an environmental law on the growth of the pollution-control
industry,

* the response of the beef industry to new packaging regulations,

* the impact of a wetlands law on the rate of population growth and tax base
in the community,

* how efforts to control CO; emissions might impact the relative growth rates
of rich and poor countries,

* the impact of water quality on citrus production,
* the impact of Turtle Excluder Devices (TEDs) on the shrimp production,
* season closures on shrimp,

* how a new residential development on a filled wetland affects local and
regional economy.

' Field, pg. 110-111.
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b. Cost Effectiveness Analysis: Fundamental Approach?

o The basic type of cost-effectiveness analysis takes an objective as given, then costs out
various alternative ways of attaining that alternative.

. For c?xample, suppose the government is planning to supply fresh water to a remote
village in East Malaysia. Assuming several possibilities exists:

(1) It could drill new wells into the ground,

(2) It could build a connector to the water supply system of a neighboring town,

(3) It could build a small reservoir.

¢ A cost-effectiveness analysis would estimate the costs of these different alternatives by
showing how they compared in terms of, say, the costs per million gallons of delivered
water into the village system.

¢ This method can be considered as half of a benefit-cost analysis where costs, but not
benefits, are estimated in monetary terms.

e It may make good sense to do a fundamental cost-effectiveness analysis even before
there is a strong commitment to the objective being costed. In many cases, the value of a
given objective may not exactly be known.

¢ Once a cost-effectiveness analysis is done, they may be able to tell, at least in relative
terms, whether any of the different alternatives would be desirable. They may be able to
say something like:

“We don't know exactly how much benefits are in monetary
terms, but we feel that they are more than the costs of several
of the alternatives that have been costed out, so we will go
ahead with one or both of them.”

! Field, pg. 111-113.



c. Risk Analysis’®

e Risk analysis involves a detailed examination of (i) risk assessment, (ii) risk
evaluation, and (iii) risk management alternatives.

o This type of analysis is performed to understand the nature of unwanted, negative
consequences to human life, health, property, or the environment.

e This analytical process provides information regarding undesirable events by
quantifying the probabilities and expected consequences for identified risks.

o For example, a risk assessment study can be carried out to determine the acceptable
levels of risk to the residents living in a community near a hazardous waste dump. This
involves calculating the risks that the hazardous waste might end up contaminating the
surrounding area and studyin% the likely impacts on the health of community residents if
exposed to the waste material .

¢ Risk management then involves considering different policy options for managing the
waste dump after the levels and significance of the risk have been established. This could
call upon comparative risk analysis where the investigation of different policy options
and the levels of risk each would produce.

e Other forms of risk analysis include calculating the value of a statistical life’, For
example, suppose statistical analysis indicates that on the average, workers accept an
annual wage premium of US$500 in return for working in jobs where the annual
likelihood of a fatal accident is an additional 1 person for every 10,000 full time
equivalent workers (all other work characteristics are held constant).

o [f we assume that those workers are fully informed and the labor market is
competitive, then we can expect the following equations to hold:

wage premium = (value of statistical life) x (increased probability of death)

value of statistical life = (wage premium) + (increased probability of death)

500 1/10,000

which, in our example above, yields a value of US$5 million for the value of a statistical
life.

} Field, pg. 129-139.
! This process might involve engineers, hydrologists, biologists and other health experts.
$ Hackett, pg. 109.




d. Measuring Non-Market Environmental Goods

Total Use Value

— T

Active / Direct Passive / Indirect / Non
Use Value Use Value

* clean water to process mineral water
* clean forests so that we can enjoy
* clean air so that we can breath

"Visited Gunung Kinabalu last year
but the view was terrible due to haze"

v
Existence Bequest Option
Value Value Value

Figure 3: The Various Components of Total Use Value

Existence Value -  “Never intend to visit Gunung Kinabalu but glad that the
views there are majestic”
(just knowing it is there, utility increases; though might be
scared of heights)

Bequest Value - “l want my children and grandchildren to be able to
enjoy and see Gunung Kinabalu in all its splendour”

Option Value - “May visit the Gunung Kinabalu next year. Want a
guarantee that the view will be great”
(might exercise the option to visit, might not)

Total Use Value: defined as the total of use value and non-use value of resources. It is what a good or
resource is worth, as reflected in market transactions or, indirectly, through its use.

Direct Use Value: this direct value affects the individual hinvherself. E.g. We would directly enjoy the
benefits of better recreational facilities or better health effects through clean air.

Indirect Use Value: the value that will affect the individual indirectly. E.g. If we have storm protection,
we will indirectly benefit when the storm comes.

Existence Value: the value of knowing that the resource is there to be enjoyed for personal fulfillment.
E.g. Knowing that the Malayan Tiger is there and would not be extinct.

Bequest Value: the value of preserving the resource for future (next-of-kin) use. Analogous to options
value but this is for the use by future generations or next-of-kin. E.g. [f we preserve the habitats of the
Malayan Tiger, our children can enjoy/benefit by our safeguarding the tiger.

Options Value: the value of preserving the resource for (personal) future use. E.g. Preserve the forest so
that we may be able to use it for future research.




Techniques for Measuring the
Value of Non-Market Goods

L

Revealed Preference

Stated Preference

Approaches Approaches
Travel Cost Hedonic Regression | | Contingent Valuation .. .
Method Methogd Method Conjoint Analysis*

Figure 4: Valuation Techniques to Value Non-Market Goods




d.1 The Travel Cost Method (TCM)

e The TCM is used to value environmental resources associated with recreational
activity. Based on this model, travel costs to a recreational site is viewed as a proxy for
market prices when estimating the demand curve for a recreational site.

¢ When recreationists are surveyed about the number of trips they make and their travel
cost to the recreational site, their preference can be revealed to estimate a demand curve
based on people’s willingness to incur travel costs to make the visit and the frequency of
visits.

o Travel expenditures give an idea of the minimum cost that people are willing to pay
for access to environmental amenities. For higher costs, it is expected that the number of
trips made would be low. Conversely, if costs are low, it is expected that the number of
trips made would be high.

o TCM offers a way of acquiring information on the lower-bound active-use value that
people assign to an area. Data are based on actual expenditures rather than hypothetical
surveys but cannot measure passive uses where people do not travel to an area.

Travel Cost (RM)

Estimated Travel Cost
Demand Curve

0 Number of Trips
Figure 5: Estimation of Travel Cost Demand Curve

¢ Figure 5 contains the results of such a survey where observations on travel cost and
number of trips are collected and each point represent the combination of travel costs and
number of trips reported by an individual surveyed. The fitted line through those points
represents an individual demand curve.

¢ The value of the site to an individual can then be estimated by: (i) computing the
consumer surplus for each individual in the survey, (ii) averaging the consumers’
surplus, and then (iii) multiplying by the estimated number of recreationists.

¢ Consumer Surplus is the area under the demand curve and above the price (the travel cost) that the
individual actually incurred. For example, if TC; was the travel cost paid by the individual, the individual’s
consumer surplus would be equal to the shaded area in Figure 3.

e ———— e Ao e



¢ The travel cost demand curve is often expanded to include other explanatory variables
such as: frequency of visit, income, family size, educational level, and other relevant
socio-economic variables.

Travel Cost = f(No. of Trips, Income, Family Size, Educ. Level, Distance Travelled, ...)

¢ Using this method, Bell and Leeworthy’ surveyed 826 tourists who visited the beaches
in Florida. They gathered data on days spent on the beach, expenses incurred while
visiting, the cost of their travel to Florida, as well as other factors that influence visiting
the beach such as age, children, income, and perceived quality of such an experience.
Using multiple regression analysis, they were able to isolate the impact of travel cost and
number of beach visits. The average tourist spent nearly 5 days on the beach, and spent
on average US$85 per day. From this information, the researchers estimated that
consumer surplus for 4.7 days was on average US$179, for a daily average of US$38.
With 70 million tourists annually visiting the Florida beaches, these beaches were found
to yield a lower-bound estimate of US$2.7 billion in active-use value.

7 Bell, F., and V. Leeworthy. “Recreational Demand by Tourists for Saltwater Beach Days.” Journal of
Environmental Economics and Management. 18(3), 1990: 189-205.




d.2 The Hedonic Regression Method® (HRM)

o The HRM is a method for revealing willingness-to-pay and is based on the theory of
consumer behavior. This theory suggests that individuals value a good because they value
the characteristics of the good rather than the good itself.

¢ For example, an individual would value a car not only because the car directly gives
him/her utility, but because of the indirect value of the characteristics of the car such as
safety, operating cost per mile, luxury, comfort, and status as well. Thus, an examination
of how the price of a car varies with changes in the levels of these characteristics can
reveal the prices of these characteristics.

e Another example wpuld be to examine the value of a wetland area derived from
expenditures on wetland-related activities such as wildlife hunting or wildlife
observation.

¢ Yet another typical example of HRM can be found in housing studies. Assume two
housing areas with the exact same characteristics (price, size of land, quality of finishing,
distance to schools etc.) but located at different ends of the city (north & south). Suppose
a polluting steel factory is built at the north of the city. Now, people will prefer to live in
the cleaner southern part of the city. As people move from the northern part of the city to
the southern part, house prices will fall in the north (as reflected in the decrease in
demand) and increase in the south (as reflected in the increase in demand). Hence, there
will always be an upward pressure on southern prices and downward pressure on
northern prices as long as people prefer living in the south compared to the north. This
price movement will eventually cease when the price differential is large enough to make
people indifferent between living in the clean south and the dirty north. Since the only
difference between the two areas is the higher air pollution in the north, the price
differential between the two areas reveals people’s WTP to avoid the air pollution’.

% Kahn, pg. 93-98.

® Other examples where observable behavior can reveal an individual's willingness-to-pay would be: (i)
recreationists who are willing to travel further into the wildemess to enjoy higher quality outdoor
recreational sites (cleaner beaches, cleaner air, better fishing etc.), and (ii) individuals who consider the
wage that can be eamed in a particular city, as well as a host of other factors including negative
characteristics (such as crime, pollution, high cost of living, extreme climate, congestion etc.) and positive
characteristics (such as schools, recreational opportunity, social life, sports, mild climate etc).
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Figure 6: Estimation of Hedonic Regression Demand Curve

o In Figure 6, assume that all characteristics of houses in a neighbourhood are the same
throughout a city, except air pollution (which varies with location). While each dot
represents the housing price and air quality levels associated with each individual house
in the city, houses in areas with higher air quality will have higher prices.

e This is evident in the general positive relationship of dots, which can be formalized
into a straight line through the cluster of points using ordinary least-squares regression
analysis. In this case, the line describes the fashion in which improvements in air quality
lead to increases in housing prices.

¢ The simple regression yields: H=a+pQ

where, H = housing price, Q = air quality, and a & §§ = intercept and slope respectively.
Here, P represents how many units of H will increase for each unit increase in air quality.

e More complex (multiple) regression analysis yields the following equation to explain
variations in housing prices when looking at the spectrum of housing prices in a city:

H=a+BQ+pS+B3D+ ...

where, H = housing price, Q = air quality, S = house size, D = Distance to Schools, and B;
= regression coefficients. Here, the estimates of 3 represents how many units of H will
increase for each unit of increase in each of the independent variables.

e Using this method, several researchers have estimated the willingness-to-pay for
reductions in air pollutants. Bloomquist et. al.'® estimated the household willingness-to-
pay per unit of air quality change against particulates to be US$360 per mg/m®, while
Brookshire et. al.’s'! estimate of willingness-to-pay per unit of air quality change against
NO; to be US$45.92 for poor to fair and US$59.02 for fair to good.

' Bloomquist, G.C., M.C. Berger, and J.P. Hoehn. “New Estimates of Quality of Life in Urban Areas.”
American Economic Review 78(1988): 89-107.

'' Brookshire, D.S., M.A. Thayer, W.W. Shultze, and R.L. d’Arge. “Valuing Public Goods: A Comparison
of Survey and Hedonic Approaches.” American Economic Review 72 (1982): 165-177.
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d.3 The Contingent Valuation Method (CVM)

e The CVM is the only one of the three discussed above that is capable of measuring
passive-use values, such as existence and option values.

¢ In essence, the CVM constructs a “hypothetical market” and ascertains value through
surveys by asking individual’s willingness-to-pay to bring about a change in
environmental quality.

o Such environmental change could be in the form of improved visibility from lessened
air pollution, the protection of endangered species, or the preservation of a wilderness
area.

e Respondents are asked in a variety of ways, using both open-ended questions
(respondents are asked to state their maximum willingness-to-pay) and close-ended
questions (respondents are asked to say whether or not they would be willing-to-pay a
particular amount to preserve the environmental resource.

e Hackett'? noted that the typical CVM works as follows:

1.Choose a particular environmental amenity that involves a public policy decision, like salmon habitat
restoration in a particular river, or expansion of a wildlife refuge.

2.Perform a pretest in which you survey a small focus group and determine the “likely” range of values
that people would be willing to pay (WTP) for the amenity.

3.Use these preliminary values to make up a survey instrument. The survey instrument (a) informs people
of the precise nature of the proposed activity or protection; (b) asks a predetermined number of randomly
selected people whether they would be willing to pay US$X in additional tax revenues (or maybe as a
higher product price or as a voluntary contribution) if as a resuit the environmental amenity is protected
in the way described; (c) repeats the question in (b) for different USSX values, where a different
randomly selected respondent group is asked about each different US$X value; and (d) ask follow-up
questions on why respondents answered the way they did and on explanatory demographic characteristics
such as income, age, gender, education, concem for the environment, and degree of active use.

4, Analyze the data using relevant statistical techniques to estimate a demand curve (WTP function):
WTP = f(income, age, sex, education, concern for environment, degree of active use)

e Using this method, Waish'® determined how much people value allocating an
additional 2.6 million acres as federal wilderness in Colorado, USA. The survey was
designed to examine key value areas — use, option, and existence. On average, recreation
was worth US$18.50/visitor day — yielding a total of US$28 million/year while passive-
use values (existence, option) totalled US$135 million/year. This translates into billions
when one calculates the present value of this stream of benefits into the future. Other
researchers like Loomis'® used CVM to quantify non-marketed environmental benefits
The results indicated that economic benefit to California residents of preserving Mono
Lake could conservatively be estimated to be US$1.5 billion annually.

"2 Hackett, Steve. Environmental and Natural Resources Economics: Theory, Policy, and the Sustainable
Society. M.E. Sharpe, Publishers. (1998).

3 Walsh, R.G. et.al. Wilderness Resource Economics: Recreational Use and Preservation Values. Denver:
American Wildemess Alliance (1982).

' Loomis, J. “Measuring the Economic Benefits of Removing Dams and Restoring the Elwha River:
Results of a Contingent Valuation Survey.” Water Resources Research 32 (Feb 1996): 441-447.
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[II. THE ECONOMICS OF ALLOCATING RENEWABLE & NON-RENEWABLE
RESOURCES (ISSUES)

i. Renewable Common-Property Resources (Fisheries)

. Renewable resources are those which stock can be continually replenished.
However, renewable resources are not perpetual as some — living populations, such as
plants and animals — are also exhaustible if not managed effectively.

. The vast majority of fisheries are renewable common-property and open-access
resources, with almost no private ownership (although private aquaculture/fish
farming is a rapidly growing industry).

. Open-access (or free-access) resources refer to those that do not have property
rights, or are accessible to any party (Table 1).

. Common-property resources, on the other hand, is an institution whereby a resource
is owned in common by a well-defined group and each member of the group has well-
defined rights to use the resource (hence, restriction or access can be limited to a
certain group).

. For example, countries bordering the sea have declared that their ownership rights
extend some 200 miles out to sea. Within the 200 miles, the area is common-property
for the countries’ fishermen as foreign fishing vessels are not allowed into the waters.
Beyond the 200 miles, the area is open-access to any international fishing/whaling or
trawling activities.




Type of Sole Corporate Common Open Access Open Access
Limitation Owner Ownership Property Limited User Unlimited User
Access One Corporation Group members Group members Anyone
limitation person only only only
Use Use limited Use limited Use limited by Use unlimited Use unlimited
limitation by owner’s by mgmt’s rules

decision decision

Source: Lesser, LA, D.E. Dodds, & R.O. Zerbe, Jr. Environunental Economics & Policy, Addison Wesley Longman, Inc. Massachusetts (1997): Chapter 6.

Table I: Comparison of Ownership Structures
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a. Efficient Allocation of the Catch from a Fishery'

The Biological Dimension

For Population Sizes Characteristics
S) to S* population growth T as population T
S*to S, initial T in population lead to ¥ in growth

Growth in Fish Stock (tons)

G(S*)

Fish Stock
S g S, (tons)

Figure 1: Relationship Between the Fish Population & Growth:
Growth Function with Critical Depensation

The Biological Dimension: Defined

S is known as the minimum viable population. 1t represents the level of fish population below which
growth in population is negative (deaths and out-migration exceeds births and in-migration). In contrast to
Sy, this equilibrium is unstable as population to the right of S, lead to positive growth. When the population
moves to the left of S,, the population declines until it eventually becomes extinct. In this region, no forces
act to retumn the fish population to a viable yield.

S, is known as the natural equilibrium. Since this is the population size which would persist in the absence
of external forces. Reductions in the fish stock (due to mortality or out-migration) would be exactly offset
by increases in the stock (due to births, growth of the fish in the remaining stock, and in-migration). This
natural equilibrium persists because it is stable. A stable equilibrium is one in which movements away from
this population level set forces in motion to restore it. For example, if the stock temporarily exceeded Sy, it
would exceed the capacity of its habitat (called carrying capacity). This tendency for the population size to
return to S; works in the other direction too. Suppose the population is temporarily reduced below S, (since
the stock is now smaller), growth would be positive and the size of the stock would increase. Over time, the
fishery would move to the right until S, is reached again.

§* is known as the maximum sustainable yield (MSY) population or the population size which yields the
maximum growth. Hence, the MSY is equal to this maximum growth and it represents the largest catch that
can be perpetually sustained. If the catch is equal to the growth, the sustainable yield for any population

size between S, and S, can be determined by the corresponding vertical axis.

! Tietenburg (Chapter 12).



b. Static Efficient Sustained Yield

« The MSY is, however, not the efficient allocation. This is because efficiency is
associated with maximizing the net benefit from the use of the resource. To define the
efficient allocation, we must include the costs & benefits of harvesting.

Assumptions:

1. The price of fish is constant and does not depend on the amount sold,

2. The marginal cost of a unit of fishing effort is constant,

3.The amount of fish caught per unit of effort expended is proportional to the size of fish population (the
smaller the population, the fewer fish caught per unit of effort),

4.In any sustainable yield, catches, population, effort levels, and net benefits remain constant over time. As
such static efficient sustainable yield allccation maximizes the constant net benefit.

5. This model represents the long run equilibrium between fishing effort and stocks.

Benefits & Costs
of Fishing Effort (RM)

Total Costs

R(E®)

C(E®
Quantity of
0 Fishing Effort
(units)

Figure 2: Efficient Sustainable Yield for a Fishery

« In Figure 2, the benefits (revenues) and costs are portrayed as a function of fishing
effort (measured in vessel years or hours of fishing). The shape of the revenue function is
dictated by the shape in Figure 1 since price of fish is assumed constant.

+ As levels of effort are increased, eventually a point is reached (E™) where further effort
reduces the sustainable catch and revenue for all years. That point corresponds to the
MSY in Figure 1 which involves identical population and growth levels.

« The net benefit is presented in the diagram as the difference (vertical distance) between
benefits (price x quantity caught) and costs (the constant marginal cost of effort x units of
effort expended). The efficient level of effort is E°, the point in Figure 2 where the
vertical distance between benefits and costs is maximized.




« E°® is the efficient level of effort because it is where marginal benefit (which graphically
is the slope of the total benefit curve) is equal to-marginal cost (the constant slope of the
total cost curve).

. Levels of effort higher than E° are inefficient because the additional cost associated
with them exceeds the value of the fish obtained.

+ To determine whether or not the MSY is efficient, we see that the MSY would be
efficient only if the marginal cost of additional effort were zero. (Why? — What is the
marginal benefit at the MSY?).

« Since this is not the case, the efficient level of effort is less than that necessary to
harvest the MSY. Thus, the static efficient level of effort leads to a larger fish population
than the MSY level of effort.

» To recap, suppose a technological change were to lower the marginal cost of fishing
(e.g. sonar detection). This results in a rotation of the total cost curve to the right (less
steep). With this new cost structure, the old level of effort is no longer efficient. The
marginal cost of fishing (slope of the total cost curve) is now lower than the marginal
benefit (slope of the total benefit curve). Since the marginal cost is constant, the equality
of marginal cost and marginal benefit can only result from a decline in marginal benefits.

- This implies an increase in effort. The new static efficient sustainable yield equilibrium
implies more effort, a lower population level, a larger catch, and a higher net benefit for
the fishery.




¢. How Market Allocates this Common-Property Resource

« A competitive sole owner (with well-defined property rights to the fish) would
maximize profits. The owner can thus increase profits by increasing fishing effort until
marginal revenue (MR) equals marginal cost (MC) at point E in Figure 3.

Total Revenue or Costs (RM)

Total Costs

R(E®)

Total Revenue

C(E®)

0
Price or Cost (RM/unit)

\‘
MR
| E 7 ¢ AC=MC

|
|
E® EM EC Fishing Effort

I
|
[
!
I
|
|
; Fishing Effort
!
|
|
!
[
I
l

Figure 3: Market Allocation in a Common-Property Fishery:
Maximizing (TR-TC)

« In Figure 3, the effort level E° is also the static efficient sustainable produces that yields
positive profits equal to the difference between R(E®) and C(E®).

« The sole owner would choose not to expend more effort than E° because to do so would
reduce the profits of the fishery, resulting in a personal loss to him. When access to the
fishery is restricted, a decision to expend effort beyond E° reduces profits to the fishery as
a whole but not to that individual fisherman. Most of the decline in profits falls on other
fishermen.

« In ocean fisheries, however, sole owners seldom exist as ocean fisheries are typically
common-property resources — no one exercises complete control over them. Since
property rights to the fishery are not conveyed to any single owner, no single fisherman
can exclude others from exploiting the fishery (case of public good).

o In Figure 3, once too many fishermen have unlimited access to the same common-
property resource, the property rights to the fish are no longer efficiently defined.




« As such, in a free-access resource, the individual fisherman has an incentive to expend
further effort until profits are zero. In Figure 3, that point is at effort level E°, where
average benefit and average cost are equal (at point C). It is now easy to see the
contemporaneous externality - too much effort is being expended to catch too few fish,
and the cost is substantially higher than it would be in an efficient allocation.

« For example, many fisheries are currently plagued by these problems. In the Bering Sea
and Aleutian Islands, the efficient number of motherships (used to take on and process
the catch at sea, so the catch boats do not have to return to port as often) was estimated to
be 9 but the current level was 140. As a result, a significant amount of net benefits were
lost (US$124 million/year). Had the fishery been harvested more slowly, the same catch
could have been achieved with fewer boats used closer to their capacity.

d. Public Policies in the Quest for Efficient & Sustainable Management in Fisheries

d.1 Aquaculture

« Since inefficient management of fisheries result from treating it as common, rather than
private property, one obvious solution is to allow some fisheries to be privately, rather
than commonly, owned. This approach works when the fish is not very mobile, confined
to artificial barriers, or when they instinctively return to their place of birth to spawn.

+ In such cases, the owner is encouraged to invest in the resource and undertake measures
that will increase the productivity (yield) of the fishery. This movement toward
controlled raising and harvesting of fish is called aquaculture.

d.2 Raising the Real Costs of Fishing

« If harvesting costs are increased, the Total Cost (TC) line in Figures 2 & 3 will rotate
upward (anti-clockwise). Total fishing effort will be reduced, as will total fisheries
harvest. One way to increase costs is to restrict the available technologies that can be
used for harvesting.

« For example, banning huge drift nets increases the costs of fishing. However, such
policies might be inefficient as efficiency implies not only that the catch must be at the
efficient level, but it must also be extracted at the lowest possible cost. The latter
condition was violated by these policies.

d.3 Individual Transferable Quotas (ITQs)

« The economic viability of ITQs are similar to the marketable pollution permits
discussed earlier. ITQs operate with the following characteristics™:
1. The quotas entitle the holder to catch a specified weight of a specified type of fish,
2. The total amount of fish authorized by the quotas held by all fishermen should be
equal to the efficient catch of the fishery, and
3. The quotas should be freely transferable among fishermen.

2 . . .
For a more thorough discussion, refer to Tietenburg.




d.4 Open-Access Regulations

« Regulations modify fishing behavior of participants in the fishery without directly
affecting participation in the fishery. These techniques are designed to maintain fish
stocks at some target level. These restrictions generally take the form of restrictions on:

. how fish may be caught (restrict sonar & spotter planes, net size),

. which fish may be caught (restrict the minimum size fish legal to be harvest),
. when fish may be caught (restrict certain period during spawning season),

. where fish may be caught (restrict to 200-mile limit),

. amount of fish that may be caught.
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ii. Storable, Renewable Resources (Forests)

. Forests represent an example of a storable, renewable resource. Typically, tree stands®
go through three distinct growth phases — slow volume growth in the early stage, rapid
growth in the middle years, and slower growth as the stand reaches full maturity.

« The owner who harvests the timber receives income from its sale but the owner who
delays harvest will receive additional growth. This amount of growth depends on the part
of the growth cycle the stand is in.

. The efficient time to harvest a stand of timber is when the present value of net benefits
is maximized.

« This occurs when the marginal benefit from delaying the harvest one more year is equal
to the marginal cost of the delay.

« For longer-than-efficient delays, the additional costs outweigh the
increased benefits (in terms of opportunity costs foregone);

. For earlier-than-efficient harvests, more benefits (in terms of the
increased value of timber) are given up than costs saved.

a. Maximizing the Physical Quantities of Harvested Wood'

o To maximize the physical amount of wood to be derived from the forest, one can use
the option of letting the forest grow until it reaches its peak volume of wood and then cut
it, the forest is replanted, and the process is allowed to repeat itself.

e Or the other option would be to choose the length of the harvest-replant-harvest cycle
(rotation of the forest) to maximize total harvests of wood that can be achieved over time.

¢ Table 2 and Figures 4 & 5 describe the growth of a one-acre stand of a hypothetical tree
species as a function of the age of the trees in the stand (all the trees in the stand are the
same age).

} It is important to look at the growth of a stand of trees, rather than an individual tree. This is because a
tree in isolation grows more quickly compared to one competing with other trees for sunlight, nutrients, &
water.

‘ Kahn, J.R. The Economic Approach to Environmental and Natural Resources. The Dryden Press, 2",
Edition. Florida (1997): Chapter 11.




Table 2: Total Volume of Wood, Annual Increment, & Mean Annual Increment
(cubic feet of wood) on a One Acre Stand of a Hypothetical Tree Species

10

Age
10
20
30
40
50
60
70
80
90
100
1o
120
130
140
150
160

Total Yolume Annual Increment® Mean Annual Increment
0 0.0 0.00
75 15 375
200 125 6.66
750 55.0 18.75
1400 65.0 28.00
2100 70.0 32.50
2550 45.0 3430
2900 35.0 36.25
3200 300 35.55
3450 250 34.50
3650 200 33.18
3800 15.0 3167
3900 10.0 30.00
3950 5.0 28.20
3975 235 26.60
3975 0.0 24.84

Source: Kahn, J.R.
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Figure 4: Total Volume of Marketable Wocd of a Hypothetical Tree Species — One Acre Stand
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Figure 5: Annual Increment and Mean Annual Increment for 2 Hypothetical Tree Species - One Acre Stand

* Annual Growth/Marginal Product of the forest (marginal with respect to time).
¢ Annual Amount of Growth/Average Growth Rate/Average Product of the forest (the total product divided
by the number of years of the rotation).
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« From Figure 4, the volume of wood first increases at an increasing rate and then at a
decreasing rate. Note that when the forest grows to its peak size, the growth (annual
increment) declines to zero. This occurs when the stand of trees is 160 years old.

« In order to maximize the total amount of wood that is harvested over time, two trade-
off alternatives exists;

Alternative 1: One way to increase the flow of wood is to harvest more frequently, but
the more frequently the forest is harvested & replanted, the younger & smaller the trees
will result.

Alternative 2: The other way to increase the flow of wood is to harvest less frequently
and have bigger harvests.

- The optimal compromise between these two conflicting strategies is to harvest at the
forest age that maximizes the average growth of the tree over its lifetime. If average
growth is maximized over a sequence of multiple rotations, then total growth (and the
total flow of wood) will be maximized as well.

« Notice in Figure 5 that the average growth rate (often called mean annual increment) is
maximized when it is equal to the marginal growth rate (annual increment), which occurs
at approximately 80 years for this hypothetical tree species. This time period is
substantially shorter than the rotation that maximizes individual harvest (160 years).

« Although maximizing the physical quantities of wood has been used as a management
strategy, it is an economically inefficient policy even when managers are only concerned
about the benefits arising from harvesting wood.

« The reason for the inefficiency is that the costs and benefits associated with different
quantity levels have not been incorporated into the management strategy. In the case of
forests, one must consider the costs and benefits associated with making the rotation
longer or shorter.
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b. Optimal Rotation

« The choice of the optimal length of rotation is a conceptually simple problem. The
forest manager simply asks,

“Are the benefits of making the rotation a year longer (or a
year shorter) greater than the costs? "

« Thus, the forest manager’s should maximize the present value of the costs and benefits
by deciding the optimal rotation length. The optimal rotation length is determined by
comparing the costs and benefits of increasing/decreasing the rotation length.

b.1 Benefits:

+ The benefits of allowing the trees to grow come from the fact that, if you wait, you
have more wood to sell in the future. As one might expect, the benefits will be critically
dependent upon the shape of the marginal growth (annual increment) function. This
additional revenue or change in stumpage value is represented by the function AV /At
in Figure 6, where AV /At = rate of change of stumpage value [V(t)] and represents the
change in stumpage value as rotation length is changed.

b.2 Costs:
« The costs of letting the trees grow for another year (or a shorter period of time) can be
summarized as follows:

Costs
Out-of-Pocket Costs Opportunity Costs
harvest & sell cut trees & rent land
(rV) for other uses
(OCL)

Out-of-pocket Costs’ - include expenses for disease prevention, thinning, pruning, fire prevention, and
control of pests.

Opportunity Costs ~ based on foregone income from two sources: (i) the income that could be derived from
eaming interest on the revenues that would have been obtained had the trees been harvested instead of
allowed to grow for another year (rV), and (ji) the rent that could have been obtained had the forest been
cut and the land rented for other uses (OCL).

T To simplify analysis, the out-of-pocket costs are usually assumed to be zero, and only the opportunity
costs are considered when determining the optimal rotation. An additional assumption made is that the real
price of a cubic foot of wood does not change over time because if the price were to change, then there
would be additional benefits (or costs) associated with increasing or decreasing the rotation,

e e e b 4wt
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(i) The foregone interest opportunity cost is represented by rV(t), where r is the interest
rate and V(t) is the stumpage value. This function will be based on the total growth
function and it reaches its maximum (point S) at the time when lengthening the rotation
has no impact on stumpage value (AV/ A t=0). This point is labeled Ry in Figure 6.

(ii) The next cost to be considered is the opportunity cost of the land (OCL). Since we
have limited, by assumption, the use of the land to forestry, it may at first seem as if there
is no opportunity cost associated with letting the trees grow longer. However, by letting
the trees grow longer, not only is the interest income that could be realized from the sale
of the harvest deferred, but the interest that could be earned on the proceeds to be derived
from the sale of the land is deferred as well. This opportunity cost also equals the annual
rental value of the land, since equilibrium in land markets implies that the rent is equal to
the product of the market value of the land and the rate of interest. Notice that the
maximum of this opportunity cost of the land (OCL) will occur when the rotation is at its
optimal length (point Q in Figure 6). This is because the forest will be most valuable
(have the highest rent) when it is optimally managed.

« Reiterating, the sum of the two opportunity costs is represented by the curve labeled rv
+ OCL. When these marginal opportunity costs are equal to the marginal benefits of
changing rotation length (AV / A t) at point P in Figure 6:

Marginal Benefits =  Marginal Opportunity Costs
(AV/AY) = V+O0OCL

the present value of the whole future stream of harvests is maximized, and the rotation
can be said to be optimal. This optimal rotation length is equal to R*.

annual changes in costs and benefits

MB =MC
AV/At
P rV+OCL
| $
Q i | rv
I I OCL
0 : hf -
R* Rm rotation length

Figure 6: Determination of the Length of the Optimal Rotation
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III. THE ECONOMICS OF ALLOCATING RENEWABLE & NON-RENEWABLE
RESOURCES (ISSUES)

iti. Reproducible Private-Property Resources (Agriculture)I

While agriculture is impacted by environmental degradation, agriculture is also a
significant source of environmental degradation as land, water, and air are typically
common property resources.

Soil Erosion

Water Quality Degradation

Water Scarcity
Air Pollution
o

Global Warming Global Warming
Loss of habitat & bio-diversity

Toxic Substances

Figure 1: Relationship Between the Agricultural Sector & the Environment

a. Impacts of the Agricultural Industry on Environmental Quality?
- Soil Erosion

RunofT from agricultural fields —» Topsoil lost — Nutrients lost - Less productive soil —» Less productive crop
— Transportation of fertilizer, pesticides, herbicides into ground & surface water
— Landslides

« Loss of Habitat & Bio-Diversity

Agricultural land — Converted from other uses (wildlife habitat, bio-diversity, recreation, existence values)
Farmer considers private costs and benefits before converting and does not consider social costs; hence market
faiture (externality)

« Toxic Gases/Substances

CO; - fossil fuel in farm machinery; buming of forests for agriculture

Methane — agricultural sources such as manure piles; wet rice cultivation; digestive processes of ruminants such as
sheep, goat, and cattle

Nitriuos Oxide Emissions - chemical & organic fertilizers

' Kahn, J.R. The Economic Approach to Environmental and Natwral Resources. The Dryden Press, 2.
Edition. Florida (1997): Chapter 16.
? Refer Figure 4 in above section.




b. Agriculture & Public Policy

b.1 Non-Point Source Pollution

« Agricultural pollution of surface and groundwater generally originates from non-
point sources rather than from point sources”.

« As such, it is much more difficult to monitor and measure the release of pollution by
a particular polluter (the farmer). Due to this problem, it is more difficult to
implement economic incentive mechanisms such as a per-unit pollution tax or
marketable permits to control such pollution.

« Thus, policy incentives should focus on command-and-control techniques or
economic incentives oriented toward inputs (e.g. fertilizer or pesticide taxes) rather
than waste outputs.

b.2 Price-Supports

« Agriculture is also a price-supported industry. These price supports serve to raise
prices above marginal social cost. Price supports can be of two forms: (i) Purchased-
based, and (ii) Quantity-based price supports.

SS

i DD
0 Q) Q, Qty of Crop

Figure 2: Welfare Losses from Quantity or Purchased-Based Price Supports
{No Pollution)

+ In Figure 2, if the government wants to increase price from the market price (Py) to
Py, it could either buy Q2 - Q; units of the crop (purchase-based price support), or it
could pay farmers not to grow Q. — Q; units of the crop (quantity-based price
support).

« In the absence of any pollution or market failures, the social losses associated with
the price support that raises prices from Py to P, are equal to the darker shaded
triangle. The lighter shaded trapezoid shows the net benefits of the Q, units of the
crop that consumers purchase at the supported price Py. In this context, there are no
differences between the two types of price supports in terms of inefficiency (darker
shaded triangle).

* Point sources refer to sources of pollution where pollution is released into the environment at a
distinct location such as at the end of an effluent pipe. Example: Paper manufacturing plant polluting a
river. Non-point sources of pollution occur when agricultural pollution flows into the environment over
a large area rather than the pollutant entering at a specific location. Example: Soil nutrients, pesticides,
and herbicides are carried by rainwater runoff into lakes and rivers. The runofT enters the lakes and
rivers along the entire length of the interface between land and water.
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Q Q" Q Qty of Crop

Figure 3: Welfare Losses With Pollution and Purchased-Based Price Supports

. However, the presence of pollution causes the marginal private cost (MPC) and the
marginal social cost (MSC) curves to diverge (Figure 3 & Figure 4). In Figure 3, the
price is supported at P; with a purchase-based price support system where consumers
buy Qi units while Q> units are produced. The government purchases this difference.

. In this case, neither Q nor Q; are optimal as the optimal level of output occurs at
Q* [where MSC = MSB (DD)]. Since Q2 units are produced, there are excess social
costs by the amount of shaded triangle B (since MSC > MSB in this region).

. In addition, since consumers consume only Q; units, they lose consumer’s surplus
equal to the upper half of shaded triangle A while producers lose producer’s surplus
equal to the lower half of triangle A.

« Thus, the losses from pollution in combination with a purchased-based price support
system are equal to the areas of triangles A & B.




MSC

MPC

DD

Qr Q" Q2 Qty of Crop

Figure 4: Welfare Losses With Pollution and Quantity-Based Price Supports

. Figure 4 shows the social losses where pollution is present and the price is
supported at P| with a quantity-based price support system. Since the area between Q
— Q is not produced (farmers are paid to take this amount out of production), there is
no pollution and no extra costs associated with that non-existent production. The
social loss is equal only to the area of the shaded triangle, which is the lost
consumer’s surplus and producer’s surplus associated with consuming below the
optimal level.

» The important point to this discussion is that the type of price support system
employed has an effect on pollution and other environmental effects associated with
agriculture. If the price supports are generated by taking land out of production, then
the environmental externalities will be less severe than a price support system that
relies on government purchases of crops.

¢. Current Policies & New Policies Suggested

. Agricultural policies should attempt to: (i) discourage erosion, and on-site & off-site
impacts of erosion, (ii} discourage excessive use of fertilizers and pesticides, (iii)
increase food safety, and (iv) restore marginal farmland to natural habitat and protect
existing habitat.

« Since fertilizer and pesticide runoff associated with agriculture is non-point source
in nature, a per-unit tax or a system of marketable pollution permits would not be
feasible as the amount of pollution per farm per unit time cannot be easily measured.

« Command-and-control (CAC) regulations can also be used to require or prohibit
certain agricultural methods. For example, cultivating within a certain distance of a
water body can be prohibited. CAC regulations or economic incentives can also be
used to protect habitat and bio-diversity. For example, conversion of certain types of
habitat can be banned, or government agencies (or NGOs) could buy critical habitat
from farmers.

el
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iv. Replenishable but Depletable Resource (Water)

a. The Efficient Allocation of Scarce Water Resource

RM/unit g S

i Aggregate Demand
~-.._DD |+ DD,

Quantity of Water

Q'l - Q'T
Figure 5: The Efficient Allocation of Water Supplies

« In Figure 5, two competing users of water are depicted. Each user has a demand
curve for water (DD, & DD3). In this two-user case, the total market demand curve or
aggregate demand curve (DD, + DD») for water equals the horizontal sum of the
individual demand curves (depicted by dashed line).

« Given the initial supply of water as S, the total quantity of water demanded is given
by Qr (point W). The efficient supplies of water to each user are Q; and Q>
respectively.

» However one of the problems with surface water supplies is that it varies from time
to time, primarily due to climatic changes. If water supplies are restricted severely, it
is possible for the allocation of the existing supply to be limited to one party.

. In Figure 5, suppose that water supplies are now restricted to S’ gallons. S’
intersects the market demand curve for water at W’. At W’, the marginal benefit of
water equals P,. This is greater than user one’s price for even 1 gallon. Thus the entire
supply of water will be efficiently allocated to user 2.

« Unfortunately, allocation of water based on economic efficiency is rare. During dry
seasons, for example, user I would object to all the water being allocated to user 2,
even though the latter group valued that water more highly. These sorts of objections
occur because water is viewed as an entitlement rather than a tradable resource.




b. Nature of Water Polluting Problems

. Besides inefficiency problems associated with water allocation, other problems that
arise include degrading water usage:

Water Contamination

Surface Water Groundwater
(rivers, lakes, oceans) (sub-surface water that occurs beneath
«drinking, recreation a water table in soils or rocks called aquifers)

« irrigation, drinking

. For lake and river pollution, two sources of contamination exists:

Lake & River pollution
Point Sources Non-Point Sources
(sources discharge into surface waters  (affects the water in a more indirect
at a specific location through a pipe and diffuse way)
« factory & animal wastes « agricultural runoff

. For oceanic pollution, two sources of contamination exists:

Oceanic pollution

/\.

Oil Spills Waste Dumping
(due to accidents and (sewage & sewage sludge, trace metals,
human negligence) unwanted chemicals, radioactive materials)

. Groundwater contamination occurs when polluting substances leach into a water-
saturated region. While many potential contaminants are removed by filtration as
water moves slowly through the layers of rock and soil, toxic organic chemicals may
not be filtered out in the process.

o Unlike surface water, which is replenishable, once these chemicals pollute
groundwater, further cleansing is no longer possible. In addition, though some
groundwater is renewed by percolation of rain or melted snow, most was accumulated
over geologic time and because of its location, cannot be recharged once it’s depleted.

. As such, groundwater allocation must be addressed with different policies than
surface water due to different replenishment rates. In general, surface water supplies
are replenished far more quickly than groundwater supplies. Thus surface water can
be thought of as a renewable resource, but efficient allocation of groundwater must be
considered over time like other depletable resources’.

* First, there is the opportunity cost of not having the water available for another current use, which is
termed the contemporaneous opportunity cost. Second, because current use depletes the stock and
makes it unavailable for future use, there is the opportunity cost of not having the water available tor
future use. This opportunity cost is termed the intertemporal opportunity cost. Both these
contemporaneous & intertemporal opportunity costs are components of user cost and must be
incorporated into price if water is to be efficiently ailocated among all present & future alternative uses.




¢. Water Pollution Control Policies

c.] Command-and-Control: Technology Based Emission Standards

. A technology-based effluent standard (TBES) is an effluent standard set at the level
of emissions that a source would produce if it were employing a particular type of
abatement technology.

. To establish a TBES, the environmental authorities would study the effluent
abatement technologies and procedures available to a particular type of industrial
operation (e.g. particular types of equipment, raw materials, recycling machinery, pre-
treatment processes, or effluent removing techniques). After having selected one
technology from among the many available, it sets the emissions standard at the level
of emissions that are produced when that technology is used by firms in the industry.

. However, problems arising from equal treatment-type programs like TBESs are:

(1) inefficiency since the same standards for one industry will be applied to ali
industries regardless of damages and control costs,

(2) cost-ineffectiveness since this procedure subjects the same standards to all firms
within each industry. While these standards will be cost-effective if all individual
plants in each industry have exactly the same marginal abatement costs, this is
highly unlikely to be the case,

(3) weak enforcement and time consuming due to the enormous effort to establish
consistent effluent standards for each and every individual source.

¢.2 Economic Incentives System: Marketable Pollution Permits
. Emissions permits could have the following characteristics:

(1) Initial distribution of emissions rights are based on historic levels of emissions by
major polluters,

(2) The rights are distributed free and they are valid only for five years; after that they
must be reissued by the administrative agency,

(3) Traded emission permits also have a maximum life of five years,

(4) Permits are allowed to be traded so that firms with relatively high abatement costs
could buy permits from those with low marginal abatement costs.

« The basic problem with emissions trading approaches is that they require relatively
larger numbers of participants if competitive permit markets are to develop. But most
water pollution problems are local, or at most regional, in nature. Thus, the potential
number of traders is likely to be too small for effective trading.

« Other problems with emissions trading approaches include calculating the initial
efficient amount of permits to be distributed, waivers of emission limitations on
municipal discharges, bureaucratic delays to justify permit trading, and the fact that
permits being reissued after a certain time period creates uncertainty over whether
purchased permits will be counted in a firm’s new base when reauthorization occurs.

« This perhaps implies that more emphasis should be put on the use of emissions
taxes as a means of attaining cost-effective water pollution control programs.




d. Non-Point Pollution

. In contrast to the control of point sources, current laws do not address non-point
pollution in a rigorous manner although in many areas, this type of pollution is a
significant part of the total problem. This is due to the nature of non-point emissions
being diffuse and not concentrated into specific outfalls that make them very difficult
to control.

. Traditional approaches like emissions standards and emissions taxes are problematic
because it is difficult to measure emissions accurately. This means that the locus of
control will normally have to be pushed back directly onto the practices and
technologies that typically lead to substantial non-point source runoff.

. Another method of controlling non-point source emissions is to tax those activities
or materials that lead to the emissions, rather than the emissions themselves, if
possible. Taxes might be out on fertilizer used by farmers, for example, or on lawn
chemicals used by suburban dwellers and golf courses. The objective is to induce a
reduction in the use of materials that may ultimately end up in rivers, lakes, or
groundwater aquifers.

e. Oil Spills®

. Current water pollution policies toward oil spills relies heavily on the legal system
to internalize the costs of a spill though liability law. By forcing owners of a vessel to
pay for the costs of cleaning up the spill, including compensation for natural resource
damages, a powerful incentive to exercise care is created.

. However, this outcome is not necessarily efficient in practice due to two problems:
high administrative costs & limitations of financial liability. Since problems with high
administrative costs are self-explanatory, we shall just proceed with a brief discussion
on problems associated with the limitations of financial liability during oil spills.

RM/unit

Normal Expected

Penalty Marginal Cost

of Precaution
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Expected
Penalty

|
|
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QQ* Amount of
Precaution

Figure 6: Oil Spill Liability

$ Tietenburg, Chapter 17.




. In Figure 6, the amount of precaution taken by vessel owners is depicted in the
horizontal axis while the costs of precaution and penalty costs are drawn as the
vertical axis. As shown above, the marginal cost of precaution increases as the
amount of precaution increases. The inverse relationship between penalties (normal
and limited) suggests that larger amounts of precaution are presumed to yield smaller
marginal reductions in the likelihood and magnitude of resulting accidents.

« Vessel owners are expected to minimize costs by choosing the level of precaution,
which equates marginal cost of additional precaution with the resulting reduction in
the marginal expected penalty.

. With unlimited liability, the vessel owner’s cost-minimizing choice of precaution is
depicted as Q* because as long as the imposed penalty equaled the actual damage and
the probability of having to pay the damage, once an accident occurred, was 1, this
outcome would normally be efficient. Taking precautions would simply be cheaper
than paying for the cleanup.

. However, with limited liability, a different outcome arises, Under this scenario, the
expected penalty function rotates downward for levels of precaution lower than that
level which would produce an accident resulting in damages exactly equal to the limit.

+ Lower levels of precaution imply damage which exceeds the limit, but the vessel
owner would not have to pay anything above the limit®.

+ Thus, the effect of limited liability on the vessel owner’s choice of precaution levels
is that as long as the liability limit is binding (which appears to routinely be the case
with recent spills), owners will choose too little precaution (at Q instead of Q*).

% The deviation in magnitude of the limited expected penalty function is greatest at lower levels of
precaution; it declines to zero at that precaution level where the expected magnitude of an accident is
equal to the liability limit.
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RESEARCH DESIGN

I What is Research Design?

Research design can be thought of as the structure of research. We often describe a design
using a concise notation that enables us to summarize a complex desi gn structure
efficiently. What are the "elements" that a design includes? They are:

Observations or Measures. These are symbolized by 'O" in design notation. An O can
refer to a single measure (e.g., a measure of body weight). If we need to distinguish among
specific measures, wecan use subscripts with the O, as in Oy, O», and so on.

Treatments or Programs. These are symbolized with an 'X' in design notations. The X
can refer to an intervention or program. We can use subscripts to distinguish different
programs or program variations.

Groups. Each group in a design is given its own line in the design structure. If the design
notation has three lines, there are three groups in the design.

Assignment to Group. It is designated by a letter at the beginning of each line (i.e., group)
that describes how the group was assigned. The major types of assignment are:

R =random assignment, N = nonequivalent groups, C = assignment by cutoff

Time. Time moves from left to right. Elements that are listed on the left occur before
elements that are listed on the right.

1.1 Design Notation Examples
R O x o)
R O o)

Notes: Os indicate different waves of assignment, Vertical alignments of Os show that
pretest and posttest are measured at the same time, R indicates the groups are randomly
assigned, X is the treatment, There are two lines, one for each group

R 01 X 01 2
R O 04,2



II Types of Research Design

We can classify designs into thee categories:

1. Randomized Experiment uses random experiment.

2. Qua.s»experimental lacks randomized assignment, but use multiple groups or
multiple waves of measurement.

3. If none of the above two are followed then we cal it as non-experimental.

This classification of design is useful to describe internal validity. A randomized
experiment generally is the strongest of the three designs when research interest is to
establish cause-effect relationship. A non-experiment is generally the weakest in this
respect. In fact, the simplest form of non-experiment is a one-shot survey design that
consists of nothing but a single observation O. This is probably one of the most common
forms of research and, for some research questions -- especially descriptive ones -- is
clearly a strong design.

To illustrate the different types of designs, consider one of each in design notation. The
first design is a posttest-only randomized experiment. You can tell it's a randomized
experiment because it has an R at the beginning of each line, indicating random
assignment. The second design is a pre-post nonequivalent groups quasi-experiment. We
know it's not a randomized experiment because random assignment wasn't used. And we
know it's not a non-experiment because there are both multiple groups and multiple waves
of measurement. That means it must be a quasi-experiment. We add the label
"nonequivalent” because in this design we do not explicitly control the assignment and the
groups may be nonequivalent or not similar to each other. Finally, we show a posttest-only
non-experimental design. You might use this design if you want to study the effects of a
natural disaster like a flood or tornado and you want to do so by interviewing survivors.

Posttest Only
Randomized Experiment

R X
R

(@)
&

Pretest-Posttest N o
Nonequivalent Groups N o
Quasi-Experiment

X o
O

Posttest Only
Non-Experiment

Before analyzing different types of research design let us discuss two crucial elements in
research - validity and reliability.



III Validity and Reliability

Va.lidity of any conclu.sion based on either qualitative or quantitative research and
reliability of data are critically important. Any research that is based on unreliable data
cannot provide any valid conclusion. Therefore, these two concepts are interrelated.

Validity

Validity is the best available approximation to the truth of a given proposition, inference, or
conclusion, which is based on reliable measures, samples and design. Technically, we
should say that a measure leads to valid conclusions or that a sample enables valid
inferences, and so on.

Almost every social research involves measurement or observation. And, whenever we
measure or observe we are concerned with whether we are measuring what we intend to
measure or with how our observations are influenced by the circumstances in which they
are made. We subdivide validity into four types. Each type addresses a specific
methodological question. In order to understand the types of validity, we have to know how

we investigate a research question.

Theory I What you think

Cause
Construct

/ \ Effect
Construct

o
ope ratig 11 lize

Program | Observations |
A
|

What you do What you see

. What you fest
Observation I s In this study

The figure shows that there are really two realms involved in research. The first, on the top,
is the theory “what we think”. The second, on the bottom, is observations. It is the real
world into which we translate our ideas -- our programs, treatments, measures and
observations. When we conduct research, we are continually flitting back and forth




between what we think about the world and what is happening. When we are investigating
a cause-effect relationship, we have a theory of what the cause is (the cause construct). For
instance, if we are testing a new extension program, we have an idea of what it would look
like ideally. Similarly, on the effect side, we have an idea of what we are ideally trying to
affect and measure (the effect construct). But each of these, the cause and the effect, has to
be translated into real things, into a program or treatment and a measure or observational
method. We use the term operationalization to describe the act of translating a construct
into its manifestation. In effect, we take our idea and describe it as a series of operations or
procedures. Now, instead of only being an idea in our minds, it becomes a public entity that
anyone can look at and examine it.

The four validity types are built on one another. The bottom two (conclusion and internal)
refer to observation on the bottom of the figure, the top one (external) being primarily
concerned about the range of our theory and the last one (construct) emphasize the linkages
between the bottom and the top. In short the four validity types and the question each
address are:

1. Conclusion Validity: In this study, is there a relationship between the two
variables?

2. Internal Validity: Assuming that there is a relationship in this study, is the
relationship a causal one?

3. Construct Validity: Assuming that there is a causal relationship in this study,

can we claim that the program reflected well our construct of the program and
that our measure reflected well our idea of the construct of the measure

4. External Validity: Assuming that there is a causal relationship in this study
between the constructs of the cause and the effect, can we generalize this effect
to other persons, places or times? There are different kinds of validity.

Threats to Validity

For any inference or conclusion, there are always possible threats to validity — for which
the conclusion or inference might be wrong. Therefore, the aim should be to reduce the
most likely threats to validity. For instance, imagine a study examining whether there is a
relationship between the extension of a specific technology and subsequent rates of
adoption of that technology. Assume that the study is completed and no significant
correlation between extension and adoption rates is found.

Now, how could this conclusion be wrong, or what are the threats to validity? It may be
that there isn't sufficient statistical power to detect a relationship even if it exists due to
small sample size or the measure of amount of extension is unreliable. It may also be that
assumptions of the correlation/association tests are violated given the variables used.
Random heterogeneity in the respondents may increase the variability in the data and made
it harder to see the relationship of interest. The inference that there is no relationship will
be stronger (greater conclusion validity) if one can show that these alternative explanations
are not credible. The theory of validity, and the many lists of specific threats, provides a
useful scheme for assessing the quality of research conclusions.



Minimizing Threats to Validity

Good research designs minimize the plausible alternative explanations for the hypothesized
cause-effect relationship. But such explanations may be ruled out or minimized in a
number of ways other than by design. There are five ways to minimize threats to validity,
one of which is by research design:

1.

By Argument. The most straightforward way to rule out a potential threat to
validity is to simply argue that the threat in question is not a reasonable one. Such
an argument may be made either a priori or a posteriori, although the former will
usually be more convincing than the latter. For example, depending on the situation,
one might argue that an instrumentation threat is not likely because the same test is
used for pre and post test measurements and did not involve observers who might
improve, or other such factors. In most cases, ruling out a potential threat to validity
by argument alone will be weaker than the other approaches listed below. As a
result, the most plausible threats in a study should not, except in unusual cases, be
ruled out by argument only.

By Measurement or Observation. In some cases it will be possible to rule out a
threat by measuring it and demonstrating that either it does not occur at all or occurs
so minimally as to not be a strong alternative explanation for the cause-effect
relationship. Consider, for example, a study of the effects of an advertising
campaign on subsequent sales of a particular product. In such a study, history would
be a plausible alternative explanation. For example, a change in the local economy,
the removal of a competing product from the market, or similar events could cause
an increase in product sales. One might attempt to minimize such threats by
measuring local economic indicators and the availability and sales of competing
products. If there were no change in these measures coincident with the onset of the
advertising campaign, these threats would be considerably minimized. Similarly, if
one is studying the effects of special mathematics training on math achievement
scores of children, it might be useful to observe everyday classroom behavior in
order to verify that students were not receiving any additional math training to that
provided in the study.

By Design. Here, the major emphasis is on ruling out alternative explanations by
adding treatment or control groups, waves of measurement, and the like. This topic
will be discussed in more detail below.

By Analysis. There are a number of ways to rule out alternative explanations using
statistical analysis. One interesting example is provided by Jurs and Glass (1971).
They suggest that one could study the plausibility of an attrition or mortality threat
by conducting a two-way analysis of variance. One factor in this study would be the
original treatment group designations (i.e., program vs. comparison group), while
the other factor would be attrition (i.e., dropout vs. non-dropout group). The
dependent measure could be the pretest or other available pre-program measures. A
main effect on the attrition factor would be indicative of a threat to external validity
or generalizability, while an interaction between group and attrition factors would



point to a possible threat to internal validity. Where both eff it i
reasonable to infer that there is a threat to goth internal and ::tt:rﬁzl\l/l;l;:l;tsy

By Preventive Action. When potential threats are anticipated they can oﬁer; be
rule.d out by some type of preventive action. For example, if the program is a
desnrablc:: one, it is likely that the comparison group would feel jealous or
flemorfllnzed. Several actions can be taken to minimize the effects of these attitudes
including offering the program to the comparison group upon completion of the
study or using program and comparison groups which have little opportunity for
contact and communication. In addition, auditing methods and quality control can

be used to track potential experimental dropouts or to insure the standardization of
measurement.

The five categories listed above should not be considered mutually exclusive. A good
research plan should, where possible make use of multiple methods for reducing threats. In
general, reducing a particular threat by design or preventive action will probably be
stronger than by using one of the other three approaches.

IV Reliability

Reliability has to do with the quality of measurement. In its everyday sense, reliability is
the “"consistency" of measures. Therefore, we need to understand different types of
measurement error. The foundation of the theory of measurement is the true score theory.
True score theory maintains that every measurement is an additive composite of two
components: true score and random error.

X=T+e,

The true score theory is a simple and good model for measurement, but it may not a.lwa)"s
be an accurate reflection of reality. In particular, it assumes that any observation 1s
composed of the true value plus some random error value. B.ut, what if all error is not
random? One way to deal with this notion is to revise the simple true score model b.y
dividing the error component into two subcomponents, random error and systematic

error.
X=T+e, +e,

Random Error

Random error is caused by any factors that randomly affect r:neasurqment of the variable
across the sample. The important thing about random error is that it does not have any
consistent effects across the entire sample. Instead, it pushes observe.d scores up or down
randomly. This means that if we could see all of the randpm errors in a dn_s_mbunon they
would have to sum to 0 -- there would be as many negative €ITors as positive ones. The



Important property of random error is that it adds variability to the data but does not affect
average performance for the group. Random error is sometimes considered noise.

Systematic Error

Systematic error is caused by any factors that systematically affect measurement of the
variable across the sample. For instance, if there is loud traffic going by just outside of a
classroom where students are taking a test, this noise is liable to affect all of the children’s
scores -- in this case, systematically lowering them. Unlike random error, systematic errors
tend to be consistently either positive or negative -- because of this; systematic error is
sometimes considered to be bias in measurement.

with random error

»

the distribution of X ‘

the distribution of X
with no random error

frequency

Notice that random error doesn't

affect the average, only the
variability around the average




th_e distribution of X
with systematic error

no systematic error

frequency

the distribution of X with ’

X

Notice that systematic error does
affect the average -- we calf
this a bias

Reducing Measurement Error

Pre-testing, pilot testing of instruments

Train data collectors

Check and recheck data

All data entry for computer should “double-punched” and verified
Use statistical procedure to adjust for measurement error

Multiple measure of the same construct

V Experimental designs

Experimental designs are considered the most "rigorous” of all research designs as it
provides internal validity. Internal validity is at the center of all causal or cause-effect
inferences. When we want to determine whether some program or treatment causes some
outcome or outcomes to occur, then we are interested in having strong internal validity.
Essentially, we want to assess the proposition:

If the program is given, then the outcome occurs

Unfortunately, it's not enough just to show that when the program or treatment occurs the
expected outcome also happens. That's because there may be lots of reasons, other than the



program, for why we observed the outcome. To really show that there is a causal
relationship, we have to simultaneously address the two propositions:

If the program is given, then the outcome occurs
and
If the program is not given, then the outcome does nof occur

If we can provide evidence for both of these propositions then we can say that we have
isolated the program from all other potential causes of the outcome, which points to the
causal effectiveness of the program.

For example, we can select two groups that are as similar as we can possibly make them. If
we are confident that the two situations are comparable, then we can administer our
program to one group and the other group will remain without the program. That's exactly
what an experimental design tries to achieve. In the simplest type of experiment, we create
two groups that are "equivalent” to each other. One group (the program or treatment

group) gets the program and the other group (the comparison or control group) does not. In
all other respects, the groups are treated the same. They have similar people, live in similar
contexts, have similar backgrounds, and so on. Now, if we observe differences in

outcomes between these two groups are must be due to the program.

Now, how can we create two groups that are "equivalent"? In experimental design this is
done by random assignment, which form the basis for obtaining two similar groups. If we
randomly assign people to two groups, and we have enough people in our study to achieve
the desired probabilistic equivalence, then we may consider the experiment to be strong in
internal validity and will be able to have a good assessment whether the program causes the
outcome(s).

However, it is practically very difficult to have experimental design. Many things may go
wrong such as we may not have a large enough sample, we may have people who refuse to
participate in our study or who drop out halfway through, we might be resisted by our staff
in a study who would like some of their "favorite" people to get the program.

In some instances some artificial situation may be created to assess causal relationship with
high internal validity. In that case we will be compromising with external validity or
generalization. That is, we have reduced external validity in order to achieve greater
internal validity.

VI Quasi-Experimental Design

Quasi-experimental design includes all the elements of experimental design but the random
assignment. With respect to internal validity, it is inferior to randomized experiments.
However, most compelling about this design is that it is frequently implemented than their
randomized ones.



Most commonly used quasi-experimental design is the nonequivalence group design. In its
simplest form it requires a pretest and posttest for a treatment and comparison group. Lack
of random assignment, and the potential nonequivalence between the groups, complicates
the statistical analysis of the nonequivalent groups design.

The second design is the regression discontinuity design. It is an important and often
misunderstood as alternative to randomized experiments because its distinguishing
characteristic -- assignment to treatment using a cutoff score on a pretreatment variable --
allows us to assign the treatment that need it most.

Other quasi-experiments with specific applicability are Proxy Pretest Design, Double
Pretest Design, Nonequivalent Dependent Variables Design, Pattern Matching Design, and
the Regression Point Displacement design. There is one major class of quasi-experimental
designs that are not included above -- the interrupted time series designs.

Much contemporary social research is devoted to examining whether a program, treatment,
or manipulation causes some outcome or result. For example, we might wish to know
whether a new educational program causes subsequent achievement score gains, whether a
novel drug causes a reduction in symptoms, and so on. Cook and Campbell (1979) argue
that three conditions must be met before we can infer that such a cause-effect relation
exists:

1. Covariation. Changes in the presumed cause must be related to changes in the
presumed effect. Thus, if we introduce, remove, or change the level of a treatment
or program, we should observe some change in the outcome measures.

2. Temporal Precedence. The presumed cause must occur prior to the presumed
effect.

3. No Plausible Alternative Explanations. The presumed cause must be the only
reasonable explanation for changes in the outcome measures. If there are other
factors which could be responsible for changes in the outcome measures we cannot
be confident that the presumed cause-effect relationship is correct.

In most social research the third condition is the most difficult to meet. Any number of
factors other than the treatment or program could cause changes in outcome measures.
Campbell and Stanley (1966) and later, Cook and Campbell (1979) list a number of
common plausible alternative explanations (or, threats to internal validity). For example, it
may be that some historical event which occurs at the same time that the program or
treatment is instituted was responsible for the change in the outcome measures; or, changes
in record keeping or measurement systems which occur at the same time as the program
might be falsely attributed to the program.



VI Design Construction

Basic Design Elements. Most research designs can be constructed from four basic
elements:

1. Time. A causal relationship, by its very nature, implies that some time has elapsed
between the occurrence of the cause and the consequent effect. While for some
phenomena the elapsed time might be measured in microseconds and therefore
might be unnoticeable to a casual observer, we normally assume that the cause and
effect in social science arenas do not occur simultaneously, In design notation we
indicate this temporal element horizontally - whatever symbol is used to indicate
the presumed cause would be placed to the left of the symbol indicating
measurement of the effect. Thus, as we read from left to right in design notation we
are reading across time. Complex designs might involve a lengthy sequence of
observations and programs or treatments across time.

2. Program(s) or Treatment(s). The presumed cause may be a program or treatment
under the explicit control of the researcher or the occurrence of some natural event
or program not explicitly controlled. In design notation we usually depict a
presumed cause with the symbol "X". When multiple programs or treatments are
being studied using the same design, we can keep the programs distinct by using
subscripts such as "X;" or "X,". For a comparison group (i.e., one which does not
receive the program under study) no "X" is used.

3. Observation(s) or Measure(s). Measurements are typically depicted in design
notation with the symbol "O". If the same measurement or observation is taken at
every point in time in a design, then this "O" will be sufficient. Similarly, if the
same set of measures is given at every point in time in this study, the "O" can be
used to depict the entire set of measures. However, if different measures are given
at different times it is useful to subscript the "O" to indicate which measurement is
being given at which point in time.

4. Groups or Individuals. The final design element consists of the intact groups or
the individuals who participate in various conditions. Typically, there will be one or
more program and comparison groups. In design notation, each group is indicated
on a separate line. Furthermore, the manner in which groups are assigned to the
conditions can be indicated by an appropriate symbol at the beginning of each line.
Here, "R" will represent a group which was randomly assigned, "N" will depict a
group which was nonrandomly assigned (i.e., a nonequivalent group or cohort) and
a "C" will indicate that the group was assigned using a cutoff score on a
measurement.

VIII  The Nature of Good Design

Throughout the design construction task, it is important to have some criteria that should be
achieved before finally accepting a design strategy. Criteria discussed below are suggestive
that are found in good research design. All these criteria point to the need to tailor research



designs based on specific research questions and the research environment rather than
blindly following textbooks.

1.

Theory-Grounded. Research strategies should reflect the theories, which are being
investigated. Hypothesis regarding the theoretical expectations can be incorporated
into the design. For instance, when theory predicts a specific treatment effect on one
measure but not on another, the inclusion of both in the design improves
discriminant validity and demonstrates the predictive power of the theory.
Situational. Good research designs reflect the settings of the investigation.
Intergroup rivalry, demoralization, and competition might be assessed through the
use of additional comparison groups who are not in direct contact with the original
group.

Feasible. Good designs should be such that they are easy to implement. The
sequence and timing of events are carefully thought out. Potential problems in
measurement, adherence to assignment, database construction and the like, are
anticipated. Additional groups or measurements are included in the design to
explicitly correct for such problems.

Redundant. Good research designs have some flexibility built into them. Often,
this flexibility results from duplication of essential design features. For example,
multiple replications of a treatment help to insure that failure to implement the
treatment in one setting will not invalidate the entire study.

Efficient. Good designs strike a balance between redundancy and the tendency to
overdesign. Where it is reasonable, other, less costly, strategies for ruling out
potential threats to validity are utilized.

This is by no means an exhaustive list of the criteria by which we can judge good research
design nevertheless, goals of this sort help to guide the researcher toward a final design
choice and emphasize important components, which should be included.



B e ™

SAMPLING THEORY

1. Introduction

The principal objective of any research is to generalize about a proposition across time
and space. Scientific sampling helps to achieve the approximate truth of propositions,
inferences, or conclusions that involve generalization. There are two major approaches to
provide generalization about any population. The first approach is the Sampling Model.
In the sampling model, we first identify the population to be generalized. Then, we draw
a representative sample from that population and conduct research with the sample.
However, there are several problems with the sampling model with respect to
generalization. First, timing of the study; second, it is not always easy to draw a fair or
representative sample, third, it's impossible to sample across time and space.

The second approach to generalizing is the Proximal Similarity Model. Under this
model, we begin by thinking about different contexts of generalization and developing a
theory about which contexts are more like our study and which are less so.

A threat to external validity is the explanation of how you might be wrong in making a
generalization. There are three major threats to external validity -- people, places or times
because these are the ways one could be wrong. Critics may argue that the results of a
study are due to the unusual type of people selected or because of the unusual place or,
they might suggest that the study was done in a peculiar time. For instance, if someone
did smoking cessation study week after the Surgeon General issues the well-publicized ;
results of the latest smoking and cancer studies, he might get different results than if it
were done the week before. How can we improve external validity? Based on the :
sampling model we can draw sample (random or nonrandom) from a population. Once ‘
sample is selected, assure that the respondents participate in the study - keep dropout
rates low. A second approach would be to use the theory of proximal similarity more
effectively.

2. Sampling Terminology

In most social research we are interested to generalize about specific groups. The group
we wish to generalize to is often called the population in our study. Let's imagine that we
wish to generalize about urban homeless males between the ages of 30 and 50 in the
United States. For this population of interest it is really hard to get a reasonable sampling
plan. It is time consuming and expensive to have listing of population in all the cities of
USA. Therefore, we should make a distinction between the population to be generalized,
and the population that will be accessible to us. We'll call the former the theoretical
population and the latter the accessible population. In this example, the accessible
population might be homeless males between the ages of 30 and 50 in six selected urban
areas across the U.S.




Now, we have to get a list of the members of the accessible population. The listing of the
accessible population from which we draw sample is called the sampling frame. If we
conduct phone survey and select names from the telephone book, the book would be your
sampling frame. However, this is not the great way to sample because significant
proportions of the population either don't have a phone or have moved in or out of the
area since the last book was printed. In this case, we might identify the area code and all
three-digit prefixes within that area code and draw a sample simply by randomly dialing
numbers (known as random-digit-dialing). In this case, the sampling frame is not a list
per se, but is rather a procedure that we follow as the actual basis for sampling. The
sample is the group of people who we select to be in our study. We may not be able to
contact all the people we sampled, or some could drop out over the course of the study.
The group that actually completes the study is a sub-sample of the sample -- it doesn't
include non-respondents or dropouts.

At this point, you should appreciate that sampling is a difficult multi-step process and
that there are lots of places you can go wrong. In fact, as we move from each step to the
next in identifying a sample, there is the possibility of introducing systematic error or
bias. For instance, even if we are able to identify perfectly the population of interest, we
may not have access to all of them. And even if we do, we may not have a complete and
accurate enumeration or sampling frame.

3. Statistical Sampling Terms

When we sample, the units that we sample -- usually people -- supply us with one or
more responses. In this sense, a response is a specific measurement value that a sampling
unit supplies. When we look across the responses that we get for our entire sample, we
use a statistic. There are a wide variety of statistics we can use -- mean, median, mode,
standard deviation, variance, etc. Qur objective of sampling is to get an estimate for the
population we sampled. If we measure the entire population and calculate a value like a
mean or average, we call it a parameter of the population.

3.1 The Sampling Distribution

How do we get from our sample statistic to an estimate of the population parameter? A
crucial concept is the sampling distribution. To understand it let us do a thought
experiment --instead of just taking a single sample we take three independent samples of
the same population. For each sample we might have different statistics, say for example
we get mean, That is we have now three means of three different sample of the same
population. It is obvious, even though these means are based on the sample from the
same population, these will vary slightly. Now if we estimate the mean of the sample
means, we will get the estimate of the population parameter. If we take infinite samples
from the same population and compute the average for each one and plot them on a
histogram or bar graph we should find that most of them converge on the same central
value, and fewer samples have averages farther away up or down from that central value.
The bar graph will look like a bell shape curve, which is an indication of a "normal"
distribution of statistics. The distribution of an infinite number of samples of the same



size is known as the sampling distribution. If we take the average of the sampling
distribution -- the average of the averages of an infinite number of samples -- we would
be much closer to the true population average -- the parameter of interest. The standard
deviation of the sampling distribution tells us something about how different samples
would be distributed. In statistics it is referred to as the standard error. A standard
deviation is the spread of the scores around the average in a single sample. The standard
error is the spread of the averages around the average of averages in a sampling
distribution,

3.2  Sampling Error

The standard error is called sampling error. Sampling error gives us some idea of the
precision of our statistical estimate. A low sampling error means that we had relatively
less variability or range in the sampling distribution. The greater the sample standard
deviation, the greater is the standard error. The standard error is also related to the sample
size. The greater the sample size, the smaller is the standard error. Why? Because the
greater the sample size, the closer your sample is to the actual population itself. If you
take a sample that consists of the entire population you actually have no sampling error
because you don't have a sample, you have the entire population. In that case, the mean
you estimate is the parameter.

4. Probability Sampling Method

A probability sampling method is any method of sampling that utilizes some form of
random selection. In order to have a random selection method, you must set up some
process or procedure that assures that the different units in your population have equal
probabilities of being chosen. Humans have long practiced various forms of random
selection, such as picking a name out of a hat, or choosing the short straw. These days,
we tend to use computers as the mechanism for generating random numbers as the basis
for random selection.

4.1  Simple Random Sampling

The simplest form of random sampling is called simple random sampling. Here's the
quick description of simple random sampling:

Objective: To select n units out of N such that each yC, has an equal chance of being
selected.

Procedure: Use a table of random numbers, a computer random number generator, or a
mechanical device to select the sample

Simple random sampling is simple to accomplish and is easy to explain to others.
Because simple random sampling is a fair way to select a sample, it is reasonable to
generalize the results from the sample back to the population. Simple random sampling is
not the most statistically efficient method of sampling because of the chance in the draw,

- -



hard to get good representation of subgroups in a population. To deal with these issues,
we have to turn to other sampling methods.

4.2  Stratified Random Sampling

Stratified Random Sampling, also sometimes called proportional or quota random
sampling, involves dividing your population into homogeneous subgroups and then
taking a simple random sample in each subgroup. There are several major reasons why
you might prefer stratified sampling over simple random sampling. First, it assures
representation of subgroups as well as the overall population. Second, stratified random
sampling will generally have more statistical precision than simple random sampling.
This will only be true if the strata or groups are homogeneous.

4.3  Systematic Random Sampling

Here are the steps you need to follow in order to achieve a systematic random sample:
Number the units in the population from 1 to N

Decide on the n (sample size

k = N/n = the interval size

Randomly select an integer between 1 to k then take every kth unit

Let's assume that we have a population of size N=100. We want to take a sample of
n=20. To use systematic sampling, the population must be listed in a random order. The
sampling fraction would be f=20/100 = 20%, the interval size, k, is equal to N/n =
100/20 = 5. Now, select a random integer from 1 to 5, say 4. Now, to select the sample,
start with the 4th unit in the list and take every k-th unit (every 5th, because k=35). That is
we would be sampling units 4, 9, 14, 19, and so on to 100.

44  Cluster (Area) Random Sampling

When we have to sample a population that is disbursed across a wide geographic region
then we may use cluster sampling. In cluster sampling, we follow these steps:

divide population into clusters
then take every kth unit
randomly sample clusters

measure all units within sampled clusters




Cluster or area sampling, then, is useful in situations like this, and is done primarily for
efficiency of administration

45  Multi-Stage Sampling

When we combine sampling methods, we call this multi-stage sampling.

5. Non-probability Sampling

The difference between non-probability and probability sampling is that the former does
not involve random selection and probability sampling does. Does that mean that non-
probability samples aren't representative of the population? Not necessarily. But it does
mean that non-probability samples cannot depend upon the rationale of probability
theory. We can divide non-probability sampling methods into two broad types: accidental
or purposive. Most sampling methods are purposive in nature because we usually
approach the sampling problem with a specific plan in mind. The most important
distinctions among these types of sampling methods are the ones between the different
types of purposive sampling approaches.

5.1  Accidental, Haphazard or Convenience Sampling

One of the most common methods of sampling goes under the various titles listed here.
Interviews conducted frequently by television news programs to get a quick reading of
public opinion, use of college students in much psychological research are primarily
matters of convenience. In clinical practice, we might use clients who are available to us
as our sample. In many research contexts, we sample simply by asking for volunteers.
Clearly, the problem with all of these types of samples is that we have no evidence that
they are representative of the populations we're interested in generalizing.

5.2  Purposive Sampling

In purposive sampling, we sample with a purpose in mind. We usually would have one or
more specific predefined groups we are seeking. Purposive sampling can be very useful
for situations where one needs to reach a targeted sample quickly. With a purposive
sample, we are likely to get the opinions of our target population, but we are also likely to
overweight subgroups in your population that are more readily accessible.

5.3  Modal Instance Sampling

In statistics, mode is the most frequently occurring value in a distribution. In sampling,
when we do a modal instance sample, we are sampling the most frequent case, or the
"typical” case. In a lot of informal public opinion polls, for instance, they interview a
“typical" voter. There are a number of problems with this sampling approach. First, how
do we know what the "typical” or "modal" case is? We could say that the modal voter is a
person who is of average age, educational level, and income in the population. But, it's
not clear that using the averages of these is the fairest. And, how do you know that those




three variables -- age, education, income -- are the only or event the most relevant for
classifying the typical voter? What if religion or ethnicity is an important discriminator?
Clearly, modal instance sampling is only sensible for informal sampling contexts.

54  Expert Sampling

Expert sampling involves the assembling of a sample of persons with known or
demonstrable experience and expertise in some area. Often, we convene such a sample
under the auspices of a "panel of experts."” There are actually two reasons of doing expert
sampling. First, it would be the best way to elicit the views of persons who have specific
expertise. But the other reason you might use expert sampling is to provide evidence for
the validity of another sampling approach you've chosen.

5.5 Quota Sampling

In quota sampling, we select non-randomly according to some fixed quota. There are two
types of quota sampling: proportional and non proportional. In proportional quota
sampling we want to represent the major characteristics of the population by sampling a
proportional amount of each.

Nonproportional quota sampling is a bit less restrictive. In this method, minimum
number of sampled units in each category is selected. This method is the non-
probabilistic analogue of stratified random sampling in that it is typically used to assure
that smaller groups are adequately represented.

5.6 Heterogeneity Sampling

We sample for heterogeneity when we want to include all opinions or views, and we
aren't concerned about representing these views proportionately. Another term for this is
sampling for diversity. In many brainstorming or nominal group processes (including
concept mapping), we would use some form of heterogeneity sampling because our
primary interest is in getting broad spectrum of ideas, not identifying the "average" or
"modal instance" ones.

5.7  Snowball Sampling

In snowball sampling, you begin by identifying someone who meets the criteria for
inclusion in your study. You then ask them to recommend others who they may know
who also meet the criteria. Although this method would hardly lead to representative
samples, there are times when it may be the best method available. Snowball sampling is
especially useful when you are trying to reach populations that are inaccessible or hard to
find.




EVALUATION

I Introduction to Evaluation

Evaluation is a methodological area that is closely related to, but distinguishable from
more traditional social research. Evaluation utilizes many of the same methodologies
used in traditional social research, but because evaluation takes place within a political
and organizational context, it requires group skills, management ability, political
dexterity, sensitivity to multiple stakeholders and other skills that social research in
general does not rely on as much. Here we introduce the idea of evaluation and some of
the major terms and issues in the field.

1.1 Definitions of Evaluation

Evaluation is the systematic acquisition and assessment of information to
provide useful feedback about some object

Evaluation is a systematic endeavor and the term ‘object’ refers to a program, policy,
technology, person, need, activity, and so on. The definition emphasizes acquiring and
assessing information rather than assessing worth or merit because all evaluation
work involves collection and sorting data to make judgments about validity of the
information and inferences we derive from it.

1.2 The Goals of Evaluation

The goal of most evaluations is to provide "useful feedback"” to a variety of audiences
including sponsors, donors, client-groups, administrators, staff, and other relevant
constituencies. Most often, feedback is perceived as "useful" if it helps in decision-
making. But the relationship between an evaluation and its impact is not a simple one --
studies that seem critical sometimes fail to influence short-term decisions, and studies
that initially seem to have no influence can have a delayed impact when more congenial
conditions arise. Despite this, there is broad consensus that the major goal of evaluation
should be to influence decision-making or policy formulation through the provision of
empirically driven feedback.

1.3 Evaluation Strategies

'Evaluation strategies' means broad and overarching perspectives on evaluation. Four
major groups of evaluation strategies are:

Scientific-experimental models, management-oriented systems models,
qualitative/anthropological models, participant-oriented models




Scientific-experimental models are the most historically dominant evaluation strategies.
Borrowing values and methods from science, social sciences derive accuracy, objectivity
and the validity of the information it generate. Scientific-experimental medels include the
tradition of experimental and quasi-experimental designs; objectives-based research that
comes from education; econometrically oriented perspectives including cost-
effectiveness and cost-benefit analysis; and the recent articulation of theory-driven
evaluation.

The second class of strategies is management-oriented systems models such as
Program Evaluation and Review Technique (PERT), and Critical Path Method (CPM).
Both have been widely used in business and government in the developed countries.
Another strategy currently used by the USAID and other donor agencies is the Logical
Framework or "Logframe" model. The management-oriented systems models emphasize
comprehensiveness in evaluation, placing evaluation within a larger framework of
organizational activities.

The third class of strategies is the qualitative/anthropological models. They emphasize
the importance of observation, the need to retain the phenomenal quality of the evaluation
context, and the value of subjective human interpretation in the evaluation process.
Included in this category are the approaches known in evaluation as naturalistic or 'Fourth
Generation' evaluation; the various qualitative schools; critical theory and art criticism
approaches; and, the ‘grounded theory' approach of Glaser and Strauss among others.

Finally, a fourth class of strategies is termed participant-oriented models. As the term
suggests, they emphasize the central importance of the evaluation participants, especially
clients and users of the program or technology. Client-centered and stakeholder
approaches are examples of participant-oriented models, as are consumer-oriented
evaluation systems.

Among these strategies which one is the best? There is no inherent incompatibility
between these broad strategies -- each of them brings something valuable. In fact, in
recent years attention has increasingly turned as to how to integrate results from
evaluations that use different strategies and different methods.

1.4 Types of Evaluation

There are many types of evaluations that depend on the object being evaluated and the
purpose of the evaluation. The basic distinction in evaluation types is formative and
summative. Formative evaluations strengthen or improve the object being evaluated by
examining the delivery of the program or technology, the quality of its implementation,
and the assessment of the organizational context, personnel, procedures, inputs, etc.
Summative evaluations, in contrast, examine the effects or outcomes of some object by
describing what happens after the delivery of the program or technology; assessing
whether the object caused the outcome; determining the overall impact of the causal
factor beyond only the immediate target outcomes; and, estimating the relative costs
associated with the object.




1.4.1 Formative evaluation includes several evaluation types:

Needs assessment determines who needs the program, how great the need is, and
what might work to meet the need

Evaluability assessment determines whether an evaluation is feasible and how
stakeholders can help shape its usefulness

Structured conceptualization helps stakeholders define the program or technology,
the target population, and the possible outcomes.

Implementation evaluation monitors the fidelity of the program or technology
delivery

Process evaluation investigates the process of delivering the program or
technology, including alternative delivery procedures

1.4.2 Summative evaluation can also be subdivided:

1.5

Outcome evaluations investigate whether the program or technology caused
demonstrable effects on specifically defined target outcomes

Impact evaluation is broader and assesses the overall or net effects -- intended or
unintended -- of the program or technology as a whole

Cost-effectiveness and cost-benefit analysis address questions of efficiency by
standardizing outcomes in terms of their dollar costs and values

Secondary analysis reexamines existing data to address new questions or use
methods not previously employed

Meta-analysis integrates the outcome estimates from multiple studies to arrive at an
overall or summary judgment on an evaluation question

Evaluation Questions and Methods

In formative research the major questions and methodologies are:

What is the definition and scope of the problem or issue?

Formulating and conceptualizing may follow different methods that may include
brainstorming, focus groups, nominal group techniques, Delphi methods, brain
writing, stakeholder analysis, lateral thinking, input-output analysis, and concept
mapping.

Where is the problem and how big or serious is it?




The most common method used in this case is "needs assessment" that may
include: analysis of existing data sources, and the use of sample surveys,
interviews of constituent populations, qualitative research, expert testimony, and
focus groups.

How should the program or technology be delivered to address the problem?
Some of the methods listed above apply here. Other methods like simulation
techniques, or multivariate methods like multi-attribute utility theory or
exploratory causal modeling; decision-making methods; and project planning and
implementation methods like flow charting, PERT/CPM, and project scheduling.
How well is the program or technology delivered?

Qualitative and quantitative monitoring techniques, the use of management
information systems, and implementation assessment would be appropriate
methodologies here. ‘

The questions and methods addressed under summative evaluation include:

What type of evaluation is feasible?

Assessment of the problem to decide what type of evaluation is needed. Standard
approaches should follow to select appropriate evaluation design.

What was the effectiveness of the program or technology?

Choose from observational and co relational methods for demonstrating whether
desired effects occurred, and quasi-experimental and experimental designs for
determining whether observed effects could reasonably be attributed to the
intervention.

What is the net impact of the program?
One can apply econometric methods for assessing impact and cost/benefit

analysis for cost effectiveness along with qualitative methods that enable to
summarize the full range of intended and unintended impacts.




Analysis of Data

I Introduction

Analysis of data is fairly straightforward if collection of data follows all the scientific
steps we discussed earlier. That is steps such as defining the research problem;
development and implementation of a sampling plan; conceptualizing, operationalizing
and testing of measures; and developing a design structure were followed. In most social
research the data analysis involves three major steps:

Data Preparation involves checking for accuracy; entering the data into computer;
transforming data; and developing and documenting a database structure that integrates
the various measures.

Descriptive Statistics are used to describe the basic features of the data in a study. They

provide simple summaries about the sample and the measures. Together with simple

graphics analysis, they form the basis of virtually every quantitative analysis of data.

With descriptive statistics we are simply describing what is, what the data shows. .

Inferential Statistics investigate questions, models and hypotheses. In many cases, the
conclusions from inferential statistics extend beyond the immediate data alone. For
instance, we use inferential statistics to try to infer from the sample data what the i
population thinks. Or, we use inferential statistics to make judgments of the probability ;
that an observed difference between groups is a dependable one or one that might have

happened by chance in this study. Thus, we use inferential statistics to make inferences

from our data to more general conditions; we use descriptive statistics simply to describe

what's going on in our data.

II. Conclusion Validity

In many ways, conclusion validity is the most important of the four validity types
because it is relevant whenever we are trying to decide if there is a relationship in our
observations. It can be defined as:

Conclusion validity is the degree to which we can conclude about the
conformity of the relationships.

For instance, if we're doing a study that looks at the relationship between socioeconomic
status (SES) and fishing, we eventually want to reach some conclusion. Based on our
data, we may conclude that there is a positive relationship that persons with higher SES
tend to have fishing as an occupation. Conclusion validity is the degree to which the
conclusion we reach is credible or believable. Whenever we investigate a relationship, we



essentially have two possible conclusions -- either there is a relationship in our data or
there isn't. In either case, however, we could be wrong in our conclusion. We might
conclude that there is a relationship when in fact there is not, or we might infer that there
isn't a relationship when in fact there is. So, we have to consider all of these possibilities
when we talk about conclusion validity.

Threats to Conclusion Validity

Threats to conclusion validity are those that can lead to an incorrect conclusion about a
relationship we try to establish. One may make two kinds of errors about relationships -
conclude that there is no relationship when in fact there is or conclude that there is a
relationship when in fact there is no.

Statistical Power. The rule of thumb in social research is that we want statistical power
to be greater than 0.9 in values. That is, at least 90 chances out of 100 of finding a
relationship when there is one. There are several factors that interact to affect power-
increase sample size, increase alpha, and increase effect size.

Good Reliability. Reliability is related to the idea of noise or "error"” that obscures wer
ability to see a relationship. In general, we can improve reliability by doing a better job of
constructing measurement instruments, by increasing the number of questions on a scale
or by reducing situational distractions in the measurement context.

Good Implementation. When we are studying the effects of interventions, treatments or
programs, we can improve conclusion validity by assuring good implementation. This
can be accomplished by training program operators and standardizing the protocols for
administering the program relationship.

Data Preparation

Data Preparation involves checking or logging the data in; checking the data for
accuracy; entering the data into the computer; transforming the data; and developing and
documenting a database structure that integrates the various measures.

Logging the Data

In any research project we may have data coming from a number of different sources at
different times such as mail survey data, coded interview data, pretest or posttest data or
observational data :

Checking the Data For Accuracy

As soon as data is received we should screen it for accuracy. In some circumstances
doing this right away will allow we to go back to the sample to clarify any problems or
errors. There are several questions we should ask as part of this initial data screening:
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Are the responses legible/readable?
Are all-important questions answered?

Are the responses complete?

Developing a Database Structure

The database structure is the manner in which we intend to store the data for the study so
that it can be accessed in subsequent data analyses. There are generally two options for
storing data on computer -- database programs and statistical programs. Usually database
programs are the more complex of the two to learn and operate, but they allow the analyst
greater flexibility in manipulating the data.

In every research project, one should generate a printed codebook that describes the data
and indicates where and how it can be accessed. Minimally the codebook should include
the following items for each variable:

variable name

variable description

variable format (number, data, text)
instrument/method of collection
date collected

respondent or group

variable location (in database)
notes

The codebook is an indispensable tool for the analysis team. Together with the database,
it should provide comprehensive documentation that enables other researchers who might
subsequently want to analyze the data to do so without any additional information.

Entering the Data into the Computer

There are a wide variety of ways to enter the data into the computer for analysis.
Probably the easiest is to just type the data in directly. In order to assure a high level of
data accuracy, the analyst should use a procedure called double entry.

—al




Descriptive Statistics

Descriptive statistics are used to describe the basic features of the data in a study. They
provide simple summaries about the sample and the measures. Together with simple
graphics analysis, they form the basis of virtually every quantitative analysis of data.

Univariate Analysis

Univariate analysis involves the examination across cases of one variable at a time. There
are three major characteristics of a single variable that we tend to look at:

4y the distribution
S the central tendency
4 the dispersion

In most situations, we would describe all three of these characteristics for each of the
variables in our study.

The Distribution. The distribution is a summary of the frequency of individual values or
ranges of values for a variable. Or, we might group income into four or five ranges of
income values.

Cateqory Percent
Under 35 9%

3645 21
46-35 45
56-65 19
66+ 6

Table 1. Frequency distribution table.

One of the most common ways to describe a single variable is with a frequency
distribution. Frequency distributions can be shown in two ways, as a table or as a graph.
Table 1 shows an age frequency distribution with five categories of age ranges defined.
The same frequency distribution can be depicted in a graph as shown in Figure 2. This
type of graph is often referred to as a histogram or bar chart.
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Figure 1. Frequency distribution bar chart.

Discrete example: Suppose we take a sample of 50 Cambodian families, and record the
number of children in each family as X. We call X a discrete random variable. Suppose
number of children in the 50 families is distributed as below:

Table 2. Frequency Distribution of the Number of Children in 50 Cambodian

families
Number of Frequency | Cumulative | Relative
Children Frequency | Frequency
0 9 9 .18
1 7 16 14
2 12 28 24
3 9 37 18
4 5 42 .10
5 6 48 12
6 0 48 0
7 2 50 .04
N=350 N=350 1.00

Continuous example: Suppose we take a sample of 200 Cambodian men and record each
height in inches. We call height X a continuous variable, since its possible values may
not be whole number, it may vary continuously (X could be 64, 65, 66,...... or anywhere
between, such as 64.325....inches.
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Table 3. Frequency and relative frequency of the heights of 200 men

Cell Cell Frequency | Cumulative | Relative
Boundaries | Midpoint f frequency Frequency
(f’n)
58.5-61.5 60 04 004 .02
61.5-64.5 63 12 014 .06
64.5-67.5 66 44 060 22
67.5-70.5 69 64 124 32
70.5-73.5 72 56 180 28
73.5-76.5 75 16 196 .08
76.5-79.5 78 04 200 .02
n=200 1.00

Distributions may also be displayed using percentages

Percentiles: In some instances data can be presented in terms of percentiles. For
example, in table 3, what can we say about a man 64.5 inches tall? Obviously he is
relatively small, with only a few are smaller than him. Specifically, we can say that only
8% are smaller than him. His height is said to be in the gt percentile. At the other end, a
height of 73.5 inches would be the 90™ percentile.

Quartiles: The percentiles that cut data into four quarters have special names: the 25™
and 75" percentiles are called the lower and upper quartiles. The 50 percentile is called
median, because it is the middle value that cuts the data in half. We can calculate the 50™
percentile or median for the height data as follows:

Median=X=67.5 + (20/30)3 = 69.4
Central Tendency. The central tendency of a distribution is an estimate of the "center"
of a distribution of values. There are three major types of estimates of central tendency
are Mean, Median, Mode.
The Mean or average is probably the most commonly used method of describing central

tendency. To compute the mean all we do is add up all the values and divide by the
number of values. For example, consider the test score values:

15, 20, 21, 20, 36, 15, 25, 15
The sum of these 8 values is 167, so the mean is 167/8 = 20.875.

The Mean: It is the most frequent measure of central tendency as it represents all the data
points although sometimes over or under estimated by extreme data points. Suppose we



surveyed 5 households on daily catch of fish as 8 kg, 10 kg, 6kg, 7 kg and 9 kg. The
average (mean) catch will be (8+10+6+7+9)/5= 6 kg. To generalize this, suppose a
sample of n observations is denoted by X, X3, X, ........... , Xn, Then the average is
found by summing and dividing by the sample size n:

X=—(X+X, +......+ X))
n
n

Grouped data example: Table 3 provides example of grouped data. More than one
individual lie in each class of heights, we call it frequency (f). In this case we find
average by multiplying class frequencies by the mid point value of each class and
dividing by n. We can generalize this as below:

DI

where x represents mid value of each group.

Table 3. Calculation of Mean for grouped data

Cell Cell Midpoint | Frequen
Boundaries | (x) cy fx
f
58.5-61.5 60 04 240
61.5-64.5 63 12 750
64.5-67.5 66 44 2904
67.5-70.5 : 69 64 4416
70.5-73.5 72 56 4032
73.5-76.5 75 16 1200
76.5-79.5 78 04 312
n=200 | _
X= Zﬁc =13,860/200
n
=69.3




Figure 2. Histogram of the grouped data
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The Median is the score found at the exact middle of the set of values. One way to
compute the median is to list all scores in numerical order, and then locate the score in
the center of the sample. For example, if there are 500 scores in the list, score #250 would
be the median. If we order the 8 scores shown above, we would get:

15,15,15,20,20,21,25,36

There are 8 scores and score #4 and #5 represent the halfway point. Since both of these
scores are 20, the median is 20. If the two middle scores had different values, we would
have to interpolate to determine the median.

The median is less sensitive to extreme scores than the mean and this makes it a better
measure than the mean for highly skewed distributions. The median income is usually
more informative than the mean income, for example.

The sum of the absolute deviations of each number from the median is lower than is the
sum of absolute deviations from mean. The mean, median, and mode are equal in
symmetric distributions. The mean is higher than the median in positively skewed
distributions and lower than the median in negatively skewed distributions.

The mode is the most frequently occurring value in the set of scores. To determine the
mode, we might again order the scores as shown above, and then count each one. The
most frequently occurring value is the mode. In our example, the value 15 occurs three
times and is the model.



Figure 3. Histogram showing Mode
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The advantage of the mode as a measure of central tendency is that it’s meaning is
obvious. Further, it is the only measure of central tendency that can be used with nominal
data.

The mode is greatly subject to sample fluctuations and is therefore not recommended to
be used as the only measure of central tendency. A further disadvantage of the mode is
that many distributions have more than one mode. These distributions are called
"multimodal.”

Figure 4. Negatively Skewed Distribution
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Measures of Dispersion

Dispersion refers to the spread of the values around the central tendency. There are
different measures of dispersion:

The Range )

The Inter-Quartile Range (IQR)

The Mean Absolute Deviation (MAD)
The Mean Squared Deviation (MSD)
The Stan Deviation (SD)and

The Variance.

The Range is simply the highest value minus the lowest value. In our example
distribution, the high value is 36 and the low is 15, so the range is 36 - 15 = 21.

The IQR is the difference between the upper quartile and the lower quartile:
IQR = Upper Quartile - Lower Quartile
Limitation of the IQR: It does not base on all the observation in the sample.

The Mean Absolute Deviation (MAD) is the average of the absolute deviations from
each observation from the mean. Again lets take the set of scores:
15,20,21,20,36,15,25,15

to compute the MAD, we first find the distance between each value and the mean. We
know from above that the mean is 20.875. So, the differences from the mean are:

15-20.875=-5.875

20-20.875=-0.875

21 -20.875=+0.125

20-20.875=-0.875

36 -20.875=15.125

15-20.875=-5.875

25-20.875=+4.125

15-20.875=-5.875

Sum = 0; MD=Y (X - X)/ n=0/n=0;
AD = Y| X - X |=38.725;

MAD=_3"| X - X|=38.725/n=4.84
n

Notice that values that are below the mean have negative discrepancies and values above
it have positive ones.

Although MAD intuitively is a good measure of spread, in many ways a better solution to
the problem of “canceling signs” is to square each deviation. The Mean Squared
Deviation and the Standard Deviation are more accurate and detailed estimate of
dispersion because an outlier can greatly exaggerate the range.
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Next, we square each discrepancy:
-5.875 * -5.875 = 34.515625
-0.875 * -0.875 =0.765625
+0.125 * +0.125 = 0.015625
-0.875 * -0.875 = 0.765625
15.125 * 15.125 = 228.765625
-5.875 * -5.875 =34.515625
+4.125 * +4.125 =17.015625
-5.875 * -5.875 = 34.515625

Now, we take these "squares” and sum them to get the Sum of Squares (SS) value. Here,
the sum is 350.875.

=15 (X - %) =350.875/8=43.86
n

Next, we divide this sum by the number of scores minus 1. Here, the result is 350.875 /7
= 50.125. This value is known as the variance. To get the Standard Deviation (SD), we
take the square root of the variance (remember that we squared the deviations earlier).
This would be SQRT(50.125) = 7.079901129253. We can express this exercise in terms

of formulae:
sn:,/____ﬂ"-?)’
n-1

Definition of Standard Deviation: Square root of the sum of the squared deviations
from the mean divided by the number of scores minus one.

Although we can calculate these univariate statistics by hand, it gets quite tedious when
we have more than a few values and variables. Every statistics program is capable of
calculating them easily for we. For instance, I put the eight scores into SPSS and got the
following table as a result:

N 8
Mean 20.8750
Median 20.000
Mode 15.0
Std. Deviation 7.079
Variance 50.125
Range 21.0

The standard deviation allows us to reach some conclusions about specific scores in our
distribution. Assuming that the distribution of scores is normal or bell-shaped (or close to
it!), the following conclusions can be reached:

11




approximately 69% of the scores in the sample fall within one standard
deviation of the mean

approximately 95% of the scores in the sample fall within two standard
deviations of the mean

approximately 99% of the scores in the sample fall within three standard
deviations of the mean

For instance, since the mean in our example is 20.875 and the standard deviation is 7.0799,
we can from the above statement estimate that approximately 95% of the scores will fall in
the range of 20.875-(2*7.0799) to 20.875+(2*7.0799) or between 6.7152 and 35.0348.

Mean and Standard Deviation from the Relative Frequency Distribution

Sometimes data are available in summary form in relative frequency distribution. WE can
derive appropriate formulae for X is below:

That is, X is just the sum of the x values weighted according to their relative frequencies
Jf/n. In the same way the MSD can also be calculated from the relative frequencies:

MSD =Y (x-X)’ [i)

n
Finally, we can easily calculate s* from the MSD as

Variance = s* = (—n—) MSD

n-1



Table 4. Calculation of Mean and Standard Deviation from the Relative Frequency
Distribution

x fin x(f7n) x-X (x-X) (x_})z[ij
n
60 .02 1.20 -9 81 1.62
63 .06 3.78 -6 36 2.16
66 22 14.52 -3 9 1.98
69 32 22.08 0 0 0
72 28 20.16 3 9 2.52
75 .08 6.00 6 36 2.88
78 .02 1.56 9 81 1.62
X =69.30 MSD=12.78
Vo $7=(200/199)*12.78
X=69 =12.84
Correlations

The correlation is one of the most common and most useful statistics. A correlation is a
single number that describes the degree of relationship between two variables. Let's work
through an example to show we how this statistic is computed.

Correlation Example

Let's assume that we want to look at the relationship between two variables, height (in
inches) and self-esteem. Perhaps we have a hypothesis that there is a relationship between
height and self esteem. Let's say we collect some information on twenty individuals (all
male). Height is measured in inches. Self esteem is measured based on the average of 10
1-to-5 rating items (where higher scores mean higher self esteem). Here's the data for the
20 cases:
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Table 6. Relationship between height and self esteem

Person Height Self Esteem
1 68 4.1
2 71 4.6
3 62 3.8
4 75 44
5 58 3.2
6 60 3.1
7 67 3.8
8 68 4.1
9 71 4.3
10 69 3.7
11 68 35
12 67 3.2
13 63 3.7
14 62 3.3
15 60 34
16 63 4.0
17 65 4.1
18 67 3.8
19 63 34
20 61 3.6

Now, let's take a quick look at the histogram for each variable:
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Frequency

0
1 1 1 i 1 i 1 i
32 34 36 38 40 42 44 456
Self Esteem
And, here are the descriptive statistics:
Mean SD Variance Sum Min Max
65.4 4.406 19.41 1308 58 75
3.755 0.426 0.1815 75.1 3.1 4.6
Finally, we'll look at the simple bivariate (i.e., two-variable) plot:
®
45 —
®
®
® ®
g 40 — ®
3
A ) o
— ® ®
<} ®
9@ 35 o o
® ®
®
® ®
®
30 —
I I | I
80 65 70 75
Height

Since the correlation is nothing more than a quantitative estimate of the relationship, we
would expect a positive/negative correlation.
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Calculating the Correlation:

N xr-QO. 001N
(VT x-(Zx) | vEr-(Zy) ]

N = Number of pairs of scores

r=

We use the symbol r to stand for the correlation. Let's look at the data we need for the

formula. Here's the original data with the other necessary columns:

~ Height(x)  SelfEsteem(y) x*y  x*x
4624

1 68 4.1 278.8 16.81
2 71 46 3266 5041 2116

3 62 338 72356 3844 1444
4 75 VI 330 5625 1936
5 s8 32 1856 3364 1024
6 60 31 186 3600 961

7 67 38 2546 4489 1444
8 68 41 2788 4624 1681
9 71 43 3053 5041 1849
10 69 37 2553 4761 1369
1 68 35 238 4624 1225
12 67 322144 4489 1024
13 63 % A 2331 3969 1369
14 62 33 2046 3844 1089
15 60 S 34 204 3600 1156
16 63 4 252 T 3969 16
17 65 a1 2665 4225 1681

2546
2142
219.6

4489
3969

20 -

Sum= 1308 751

3721
4937.6 85912

T 1444

1156
1296

28545

The first three columns are the same as in the table above. The next three columns are
simple computations based on the height and self esteem data. The bottom row consists of
the sum of each column. This is all the information we need to compute the correlation.
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Here are the values from the bottom row of the table (where N is 20 people) as they are
related to the symbols in the formula:

N = 20
XXy = 49376
X = 1308
Xy = 751
X2 = 88912
3y = 28545

Now, when we plug these values into the formula given above, we get the following (I
show it here tediously, one step at a time):

20(4937.6) - (1308)(75.1)

re=
\/ [20{85912) - {1308*1308}][20(285.45) - (75.1*75.1)]

98752 - 98230.8

r=
\/ [1718240 - 1710864][5709 - 5640.01]

521.2

r=
\/ [7376][68.99]

$21.2
713.3514

r= .73

So, the correlation for our twenty cases is .73, which is a fairly strong positive relationship.

I guess there is a relationship between height and self esteem, at least in this made up data!
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Inferential Statistics

Inferential statistics are used to draw inferences about a population from a sample.
Consider an experiment in which 10 subjects who performed a task after 24 hours of
sleep deprivation scored 12 points lower than 10 subjects who performed after a normal
night's sleep. Is the difference real or could it be due to chance? How much larger could
the real difference be than the 12 points found in the sample? These are the types of
questions answered by inferential statistics.

There are two main methods used in inferential statistics: estimation and hypothesis
testing. In estimation, the sample is used to estimate a parameter and a confidence
interval about the estimate is constructed.

In the most common use of hypothesis testing, a null hypothesis is put forward and it is
determined whether the data are strong enough to reject it. For any program impact study,
the null hypothesis would be that the program has no effect on performance.

Inferential statistics are useful in experimental and quasi-experimental research design or
in program outcome evaluation. The simplest inferential test is used to compare the
average performance of two groups on a single measure. Whenever we wish to compare
the average performance between two groups we should consider the t-test for differences
between groups.

Most of the major inferential statistics come from a general family of statistical models
known as the General Linear Model (GLM) that includes t-test, Analysis of Variance
(ANOVA), Analysis of Covariance (ANCOVA), regression analysis, and many of the
multivariate methods like factor analysis, multidimensional scaling, cluster analysis,
discriminant function analysis, and so on.

The T-Test

The t-test assesses whether the means of two groups are statistically different from each
other. This analysis is appropriate whenever you want to compare the means of two
groups, and especially appropriate as the analysis for the posttest-only two-group
randomized experimental design.




control treatment

group
mean

group
mean

Figure 1. Idealized distributions for reated and comparison group posttest values.

Figure 1 shows the distributions for the treated (blue) and control (green) groups in a
study. The figure indicates where the control and treatment group means are located. The
question the t-test addresses is whether the means are statistically different.

Now, consider the three situations shown in Figure 2. Notice that three situations that the
three situations don't look the same. The top example shows a case with moderate
variability of scores within each group. The second situation shows the high variability
and the third shows the case with low variability. Clearly, we would conclude that the
two groups appear most different or distinct in the low-variability case because there is
relatively little overlap between the two bell-shaped curves.

Figure 2. Three scenarios for differences between means.

Statistical Analysis of the t-test



The formula for the t-test is a ratio. The top part of the ratio is just the difference between
the two means or averages. The bottom part is a measure of the variability or dispersion
of the scores. Figure 3 shows the formula for the t-test and how the numerator and
denominator are related to the distributions.

signal _ difference between group means
noise variability of groups
.z A
Xp - X¢

Figure 3. Formula for the t-test.

The top part of the formula is easy to compute -- just find the difference between the
means. The bottom part is called the standard error of the difference. To compute it,
we take the variance for each group and divide it by the number of people in that group.
We add these two values and then take their square root. The specific formula is given in
Figure 4:

Figure 4. Formula for the Standard error of the difference between the means.




The final formula for the t-test is shown in Figure 5:

Figure 5. Formula for the t-test.

The t-value will be positive if the first mean is larger than the second and negative if it is
smaller. Once we compute the t-value we have to look at the table of significance to test
whether the ratio is large enough to say that the difference between the groups is not
likely to have been a chance finding. To test the significance, you need to set a risk level.
In most social research, the "rule of thumb" is to set the alpha level at .05. This means
that five times out of a hundred you would find a statistically significant difference
between the means.




Interval Estimation

If we want to be reasonably confident that our inference is correct, we cannot claim that
4 is precisely equal to the observed X . Instead, we must construct an interval estimate
of confidence interval of the form:

H= X+ sampling error

The crucial question is how much will be the sampling error. Of course, the sampling

error will depend on how much X fluctuates. To determine the sampling error, we must
determine how confident we wish to be that our interval estimate is right. It is common to
choose 95% confidence. At 95% level of confidence Z value is 1.96. Therefore, the
confidence interval is:

Pr(p-1.96%<—)?<y+l.9670-_—) =95%
n n

Pr(X —1.96—2= < 1 < X +1.96~=)=95%
n n

Jn Jn

For small sample the 95% confidence interval for the population mean is

y=ftt‘m\—7_;

Interval estimates of two means from two independent samples

Two population means are commonly compared by forming their difference:

(-m)
A reasonable estimate of this is the difference in sample means:
(?1 -X: )

95% confidence interval for independent samples, when two populations have different
and known variances:

(4—1) =(Fﬁ —7(2) £Z_ \/%1 + \/%



For small samples:

(H=-)=(Xi-Xa) e \/% . J%

When population variances are unknown

(4—1s) =(3(-1 —7(2) £t s, \/% N E

S, is the pooled standard deviation. We add up all the squared deviations from both
samples, and then divide by the total degrees of freedom in both samples. That is

TE-T) T (0%

a (m =1)+(n, +1)




Regression Techniques

Assumptions

The regression model is linear in parameters
X values are fixed in repeated sampling
Zero mean value of the disturbance term u
Homoscedasticity or equal variance

No correlation between the disturbance term
Zero covariance between u and X's

Let a Population Regression Function (PRF) is given as
Y=8+p5+ u

However, the PRF is not directly observable. We estimate the PRF from Sample
Regression Function (SRF):

where IAf is the estimated values of ¥; We can express the above expressions as below:
6,=Y-Y
=Y, - B - 54X,

Now given n pairs of observations on Y and X, we would like to determine the SRF in
such a manner that it is as close as the PRF. To achieve this, we chose the SRF in such a
way that the sum of the squared residuals

Yt =3(5-1)

is as small as possible. Minimizing the above expression we get




o
2
x;

Var('él)'—' Z

. X}
var ( B ) = —Z—‘, o’
ny x
o’ is population variance. However, we can estimate this from the sample data using the
following formula:

)

22
Y
n-2

G =

Table 1. Estimation of regression equation, numerical example

X Y X y Xy X
100 40 550 -29.75 163625 302500
200 55 450  -14.75 66375 202500
300 50 350 -19.75  6912.5 122500
400 70 -250 025  -62.5 62500
500 70 -150 025  -375 22500
600 65 50 475 2375 2500
700 72 50 225 1125 2500
800 74 150 425 6375 22500
900 70 250 0.25 62.5 62500

1000 88 350 1825 63875 122500
1100 88 450 1825 82125 202500
650  69.75 D xy=59350 ) x*=1430000

-~

B, =59350/143000=0.415

~

B, =60.75-0.415(650)=40

Y =40-0415X
Properties of Least Squares Estimators:

1. It is linear function of a random variable, such as the dependent variable Y in
the regression model.

It is unbiased, that is the average or expected value, E( ,Bz) , is equal to the
true value of 8.

3. It has minimum variance in the class of all such linear unbiased estimators,
which is efficient estimator.
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The Coefficient of Determination (R).

We now consider the goodness of fit of the fitted regression line to a set of data. We
expect that the residuals around the regression line are as small as possible. The R?is a
summary measure that tells how well the sample regression line fits the data. We can
derive R as follows:

Z yi= Z 04 —Y) = Total variation of the actual Y values about their sample
mean, which is called total sum of squires (TSS).

> yi= (z Y, —?)2 = Variation of the estimated Y values about their mean, which
is explained sum of squires (ESS).

Z u} = residual or unexplained variation of the Y values about the regression
line, or residual sum of squires. Thus

TSS = ESS + RSS, dividing by TSS

ESS RSS ., RSS
l=—+——=R"+——
IS§ 1SS TSS

1-R*= RS,

TSS

RSS

R =1-—

AN

Properties of R?

1. Itis a positive quantity
2. Its limits are 0< R? <1. An R?of 1 means a perfect fit, that is ¥, = ¥, for each i.
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7A.6 SAS OUTPUT OF THE EXPECTATIONS-

7A.7 S OUTPUT THE COBB-DOUGLAS
AUGMENTED PHILLIPS CURVE (7.6.2) SAS O oF

PRODUCTION FUNCTION (7.10.4)

DEP VARIABLE: Y DEP VARIABLE: Y1

SUM OF MEAN SUM OF MEAN
SOURCE DF  SQUARES  SQUARE FVALUE PROB>F SOURCE OF  SQUARES  SQUARE FVALUE PROB > F
MODEL 2 97.334119  48.667060 35.515 0.0001 MODEL 2 0538038  0.263019 48.069 0.000!
ERROR 10 13.703158 1.370816 ERROR 12 0.067153 0.005596531
CTOTAL 12 111.037 C TOTAL 14 0.605196
ROOTMSE 1.170605 R-SQUARE 0.8766 ROOTMSE 0.074810 R-SQUARE 0.8890
DEP MEAN 7.756923  ADJR-SQ 0.8519 DEP MEAN 10.096535  ADJR-SQ 0.8705
C.V. 15.0911 cv. 0.7409469
PARAMETER  STANDARD T FOR HO: PARAMETER  STANDARD T FOR HO:
VARIABLE DF  ESTIMATE ERROR  PARAMETER = 0 PROB > [T] VARIABLE DOF  ESTIMATE ERROR PARAMETER = 0 PROB > [T|
INTERCEP 1 7.193357  1.594789 4511 0.0011 INTERCEP 1 -3.338455 2.449508 -1.363 0.1979
X2 1 -1.392472  0.305018 -4.565 0.0010 Y2 1 1.498767 0.539803 2.777 0.0168
X3 1 1.470032  0.175736 8.363 0.0001 Y3 1 0.489858  0.102043 4.800 0.0004
COVARIANCE OF ESTIMATES COVARIANCE OF ESTIMATES
covs INTERCEP X2 Xa cove INTERCEP v2 Y3
INTERCEP 2543353 -0.388917 0.02241163 INTERCEP 6.000091 ~1.26056 0.1121951
X2 ~0.388917 0.09303593 -0.0344189 Y2 ~1.26056 0.2913868 ~0.0384272
X3 0.02241163 —0.0344189 0.03090064 v3 0.01121951 -0.0384272 0.01041288
CcBS v X2 X3 YHAT YRESIO \7 X2 X3 Y1 Y2 Y3 YIHAT  YIRESID
A 5.9 49 478 2.3970 —1.4770 16607.7 2755 178037 97176 5061859 97872 9.8768 -0.15920
2 2.30 59 .84 46227 ~0.3227 175113 2744 180968 9.7706 5.61459 9.8035 9.8788 -0.10822
3 3.30 56 213 3.9967 —0.6967 201712 269.7 18271.8 99120 559731 9.8131 98576  0.05437
M 6.23 19 .48 5.4272 0.8028 209329 2670 19167.3 9.9491 558725 9.8610 9.8660  0.08307
5 10,97 56 .84 0.4505 15195 204060 267.8 19647.6 9.9236 559024 9.8857 9.8826  0.04097
p o.14 a5 8.47 0.2785 -0.1385 208316 2750 208035 99442 561677 99429 9.9504 -0.00615
7 577 77 6.51 6.0412 —0.2712 248063 2830 220766 10.1189 5.64545 10.0023 10.0225  0.09640
8 6.45 71 500 6.0094 0.4405 264658 3007 234452 10.1836 5.70611 10.0624 10.1428  0.04077
9 7.60 61 6.08 7.6371 -0.0371 274030 307.5 24939.0 10.2184 572848 10.1242 10.2066  0.01180
10 11.47 58 8.09 11.0096 0.4604 28628.7 303.7 267137 102622 571604 10.1929 10.2217  0.04051
" 13.48 71 10.01 12.0218 1.4382 299045 304.7 29957.8 10.3058 5.71933 103075 10.2827  0.02304
12 10.24 28 10.81 12.5016 —~2.2616 27508.2 2986 315859 10.2222 5.69910 10.3605 10.2783 —-0.05610
290355 2955 334745 10.2763 65.68867 10.4185 10.2011 -0.01487
13 5.99 9.7 8.00 5.4466 0.5434
292815 299.0 34821.8 10.2847 570044 10.4580 10.3281 —0.04341
DURBIN-WATSON d 2.225 315358 288.1 417943 10.3589 5.66331 10.6405 10.3619 —0.00289
1ST ORDER AUTOCORRELATION ~0.203 COLLINEARITY DIAGNOSTICS VARIANCE PROPORTIONS
Notes: The numbers under the heading PROB> |T] represent p values.
Sce Chapter 12 for a discussion of the Durbin-Watson d statistic and of fisst order autocorrelation. CONDITION PORTION PORTION PORTION
NUMBER  EIGENVALUE INDEX  INTERCEP Y2 Y3
1 3.000 1.000 0.0000 0.0000  0.0000
2 .000375451 89.383 0.0491 00069 05959
3 000024219 351.925 0.9509 0.0031  0.4040
DURBIN-WATSON d 0.891
1ST ORDER AUTOCORRELATION 0.366
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Management and Analysis of Household Survey Data

Introduction

This document is prepared as an introductory material for the topic on database
management and data analysis of the training “Training Workshop on Resource
Economics and Research Methods for the Officers of IFReDI, DOF, Ministry of
Agriculture, Fisheries and Forestry, Royal Government of Cambodia” (23 February
- 03 March 2004, Penang, Malaysia). As an introductory material, it provides a general
overview of the topic.

It begins with the discussion of the different components of data management. The
importance of data management is also emphasized. Along with this material are three
separate documents illustrating the efficient use of software in database development
and data management and analysis, namely:

1. The Tonle Sap Economic Valuation Database: An introduction to MS Access.

2. Using Spreadsheet (MS Excel) as a Tool for Database Management and Initial
Data Processing; and

3. Analysis of Household Survey Data with SPSS

Each of the above mentioned material contained detailed illustrations supported with
screen shots for easy understanding. All illustrations made use of the Tonle Sap
economic valuation database - the database of the ongoing project on “Economic
Valuation of Aquatic Resources of Tonle Sap Basin” which is being implemented by the
Institute in collaboration of the World Fish Center.

The last section of this material discusses the structure of the said database. The list of
Field and Tables names is provided as an Appendix along with the field data collection
sheet (questionnaire) use by the project in collecting the data.

In general, the topic aims to give participants a general understanding of data
management and its importance and to equip them with the necessary skills to efficient
database development, data management and analysis.

Data Management

Most research projects involve the collection of a large volume of data through survey.
For the data to be processed and analyzed efficiently, they have to be entered into the
computer, checked, and organized into an appropriate form for easy retrieval and
analysis. These whole process requires a well-defined data entry system or in general,
system of database management.



Data management refers to any activity concerned with looking after and processing this
voluminous data to generate summary information. It involves some of the following

steps:

Planning data management for a project, taking into account the objectives and
planned outputs, resource and skills available

Designing field data recording sheets (questionnaire)
Collection of data

Checking of raw data

Data entry and organization of computer files
Backup of data files

Processing of data for analysis

Checking of processed data

Maintenance of a data processing log

Archiving data for future use.

The Importance of Data Management

Data management is a key area in any research and if not done weli can limit the
usefulness of the data. Below are list of some importance of data management.

A well-managed datasets ensures validity of the information that can be
extracted from it resulting in incorrect conclusion- garbage in garbage out. If
proper attention is not paid to data entry system, it is too easy to make a mistake
in data entry.

A well-defined database structure facilitates efficient processing. Data processing
and analysis proceeds most efficiently if the data have been managed well.

Well-documented datasets can be accessible in the future, increasing their half-
life and adding value. Field data is expensive to collect so must considered as
valuable, but its value is maintained only if it can be used in the future. A
computer file full of numbers, the exact meaning or origin of which is not known,
is worthless.

The Scope of the Topic

In this topic, we will limit our discussion on two specific components of data
management: (1) Data Entry and Organization of Computer Files and (2) Processing
of Data for Analysis. To facilitate our discussion, we will be using the Database of the
project: Tonle Sap Economic Valuation Database, which was developed using Microsoft

Training Workshop on Resource Economics and Research Methods for the Officers of 2
IFReDI, DOF, Ministry of Agriculture, Fisheries and Forestry, Royal Government of
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Access. Here, we discussed the different components of the database followed by
detailed illustration on how each components of the database was developed. A training
material was prepared for this topic: “The Tonle Sap Economic Valuation Database:
An Introduction to MS Access".

In view of the fact that people are more familiar with Spreadsheet than Database
Software, we developed a proto-type MS EXCEL version of the database and illustrate
how a spreadsheet software like MS EXCEL can be used efficiently as data entry
system and to do initial tabulation of data. Another training material was prepared for this
topic: Using MS Excel as a Tool for Database Management and Initial Data
Processing. We first emphasized that an erroneous data sets as a result of a poor data
entry is likely to happen if MS Excel is not used efficiently.

Both versions (Access and the proto-type in Excel) enforced validation checks and
provide validation messages to ensure that the sort of correct information is being
entered. While we illustrate how to create query using the Query Expression Builder
(QEB) to extract a subset of data, aggregate values of variables, merge variables; and
to generate summary information in MS Access, we illustrate using MS Excel on how
Filter works to generate subsets of data; how to merge variables using the Viookup
function; how to automate aggregating variables and creating cross tabulations using the
Pivot Table.

In the document, we also mentioned the Data Analysis Add-ins of Excel and pointed out
its limitations. Thus we recommend against the use of MS Excel when it comes to
advance data analysis, which involves statistics and that proper statistical packages
should be used.

This leads to another material: “Analysis of Household Survey Data with SPSS”
which illustrates several data management and statistical techniques using the Tonle
Sap Economic Valuation data. This includes: Merging two datasets/tables, Create new
variables using compute and recode, Split file Filtering subsets of data, Aggregate
variables, Two the data from the Tonle Sap Economic Valuation Database, Independent-
Samples T Test, Paired-Samples T Test, One-Way Anova, Multiple Regression Analysis
and Logistic Regression.

Training Workshop on Resource Economics and Research Methods for the Officers of 3
IFReDI, DOF, Ministry of Agriculture, Fisheries and Forestry, Royal Government of
Cambodia
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S

Relational Database Most familiar, One of the most
management widespread and user friendly
system flexible statistical package
Jack of all trade-
master of none

Database software such as MS Access and spreadsheet packages
such as MS Excel are the two most common software used for data
management of project surveys. MS Access is a relational database
management system, which allows to link together data stored in
more than one table, but lacks data analysis/statistical capability.

MS Excel to some extent can do something - though with limitations.
Spreadsheet packages in general are the simplest type of package
to use. They are often automatically chosen for data entry because
they are familiar, widespread and flexible - but their very flexibility
means that they can result in poor data entry and management.
Excel offers limited form for data entry, non- relational database and
does not enforce entity (primary key) or referential integrity (all of
which will be discussed in Access).

Strategy

The topic is consists of 11 sessions where each session will last for 1 hour and 45
minutes. A short presentation will come first followed by illustration on “how to do it”.
Each of the participants will be provided a computer for them to follow what is being
illustrated. This will give them real hands-on training on each of the sub topics. For this
purpose, we provided the electronic copy of the necessary files to be used. These files
are stored in each of the participant's computer under the folder C:\TonleSap. In some
cases, participants are required to create files. In addition, unguided exercises will be
provided at the end of each sub topic if time permits.

Training Workshop on Resource Economics and Research Methods for the Officers of 4
IFReDI, DOF, Ministry of Agriculture, Fisheries and Forestry, Royal Government of
Cambodia
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The Structure of Tonle Sap Economic Valuation Database

Prepared primarily for IFReDI officers, the topic made use of the data they collected in
collaboration with the WorldFish center: Economic Valuation of Aquatic Resources of
Tonle Sap Basin. The field collection sheet of the said study is presented Appendix A.
The collected data were stored in a MS Access database: Tonle Sap Economic
Valuation.MDB. Note that Appendix A also contains the assigned field/names (in blue)
and the names of the Tables (in red) that are used in the Database (Fig 1). The
database will be discussed in more detail under “The development of Tonle Sap
Economic Valuation Database: An introduction to MS Access”. A short description
of the organization and structure of the data however, is deemed important at this stage.

The database comprised of 22 tables. All items in the questionnaire bearing only one
response are stored in Tbl 1 Master Table. All items with multiple answers are stored in
separate Tables. These Tables are related to Thl 1 Master Table. Examples of such
Tables are Tbl 2 item8 Income, Tbi8 item40 Fish Catch, Tbl 15 item 65 Fingerlings.
Note that Tbl pertains to “Table”, item number pertains to the corresponding item
number in the questionnaire and the words /ncome and Fish Catch are key words of the
corresponding item.

The 22 Tables are of different Levels. Thl 1 Master Table contains household level
information thus it is Household Level. Tbi2 item8 Income contains income of
household by source thus it is Income Level. TbI8 item40 Fish Catch and Tbhl15
item6S Fingerlings contains catch and stocking information respectively of household
by species thus they are Species Level. Hence, Tables in the database formed a
hierarchical structure where Tbl 1 Master Table resides at the top of this structure and
all other 21 Tables resides at the next level. Figures 2 and 3 below illustrates this
hierarchical structure.

Training Workshop on Resource Economics and Research Methods for the Officersof 5
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Fig.1. Screen shot of the first page of the data collection sheet bearing the assigned
variable/field names and name of the Tables used in the Database.

One record exist for each household in a
particular village type and particular
Master Table province.

HOUSEHOLD + PROVINCE + VILLAGE
TYPE is the unique identifier.

One record exist for each species within

Tbl 8 item40 Thl 15 item65 household in a particular village type and
. . . particular province and include a grid
Fish Catch F'ngerhngs reference to a Species.

HOUSEHOLD + PROVINCE + VILLAGE
TYPE + SPECIES is the unique identifier.

Fig.2. Hierarchical structure of the Tonle Sap Economic Database.
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Fig.3. Relating Master Table (Household Level) with Tbi8 item40 Fish Catch (Species
level)

The database contained a total of 410 households.
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The Tonle Sap Economic Valuation Database: An
Introduction to MS Access

Introduction

In the previous documents: Management and Analysis of Household Survey Data, we
discussed the importance of data management and present some steps in data
management. We mentioned that our focus is on two steps: (1) Data Entry and
Organization of Electronic Data files and (2) Processing of Data Analysis. This document
is prepared to discuss these steps.

Prepared as a training material for the ADB-IFReDI project, we will make use of the
project database Tonle Sap Economic Valuation- data entry system which was
developed using MS Access.

We will discuss each of the components (Tables, Queries, Forms, Reports) of the said
database followed by an illustration of how to build/design such components.
Specifically, we will illustrate how the IFReDI data entry system was developed.
Specifically, we will illustrate how to:

1. Relate Tables and set Primary Keys;

2. Set Validation Rules and Validation Text to ensure that the correct sort of
information is being entered by accepting only entries within a specified range;

3. Extract subsets of data, aggregate data (into household level) and generate
summaries using Query Expression Builder (QEB),

4. Design Data Entry Forms from scratch which will include creating pull down
choice list and command buttons; and

5. Present summary information (initial analysis) using Reports.

Components of MS Access Database- the Case of the Tonle Sap Data Entry
System

In this section, we will review the components of an MS Access database. For
illustration, to facilitate our discussion we will be using the Tonle Sap Economic
Evaluation.MDB (hereafter referred to Tonle Sap Database).

A documentation of the Tonle Sap Economic Valuation (questionnaire) is given in
Appendix A of the document Management and Analysis of Household Survey Data.
Attached to each item of the questionnaire is the variable/field name used in the
database. All items that take only one response are held in a table name Tbl1 Master
Table. For items that resemble a table format are assigned to a separate table. For
example item 8 of the questionnaire in page 1 (Income sources of household
respondents) is assigned to a separate table name Thl 2 item8 Income. Tbl stands for
table, the 2 implies this is the 2" table in the Database, item number pertains to the
corresponding item number in the questionnaire and Income is the corresponding
keyword.

s
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Database Window
The Database Window controls navigation within a particular database. A database is
made up of several objects, grouped into a single file:

¢ Tables - hold the raw data

¢ Queries - extract part of the raw data to produce dynasets - dynamic sets of data
which can change each time the query is run. Dynaset could be subsets of
summary information

o Forms - determine how the data is displayed on the screen
¢ Reports - output files, ready for printing

e Pages - for creating/editing WWW pages

e Macros -lists of commands to perform particular functions

(L8]



e Modules - programs which expert users write in a programming language called
Access Basic to perform tailor-made functions not generally available

Macros and modules can be used to automate tasks and pull the other objects together
into a user-friendly database application. We will limit our discussion in first four objects:
Tables, Queries, Forms and Reports. The objects are accessed using the Tab buttons
down the left of the Database Window.

Tables

Begin by investigating the Tables. A click on the Tables tab will list all the Tables in the
right hand side of the Window. In this database, there are 21 relational tables. Thi 1
Master Table is a flat table containing all items in the questionnaire with single
responses. Thus this is household level table. Tables with “item” are structured tables,
which are linked to Tbl 1 Master Table via a primary key, which will be discussed in
more detail later. Tbl 8 item40 Fish Catch pertains to table number 8 containing
information on item number 40 of the questionnaire which are fish catch related
information. This is a species level table.

1) | Tables with Ikptbl are tables whose entries are used as inputs in other tables.
@ For example, IkptbICrop contains the list of all crops name that are could be

entries in tables Tbhl17 item69 Farm Production and other tables related to
farming.

The table List of Reports is special table containing all the name of reports in
data database.

Lets investigate the table named Thl 1 Master Table further. To examine the content of
the table, check the name is highlighted, then press <Return> or click on [Open]. You
can also open a table by double clicking on its name.

A new screen, the Table Window, appears revealing the data set out in a table. This
method of display (known as Datasheet View) shows the data in columns and rows,
similar to a spreadsheet.

Immediately below the data is the status bar, which tells you that you are positioned at
Record 1 (of 410). The current record is indicated by an arrow in the column to the left of
the data. You can move the indicator down to the next record by clicking on the button
immediately to the right of the number 1 on the status bar. The next button to the right
takes you to the end of the table - click on this and you should be at Record 410.
Matching buttons on the left take you back a single record and back to Record 1 - try out
these too. You can also move up and down using the arrow keys on the keyboard. The
scroll bar down the right edge of the table window moves the display up and down.



010 TOUCH SON
011 POEUNG SOK
012 LONG SOXROA
013 SUON S4RAN
0%4 3REY FwON
019 31V SCKCN
016 S0US RAY
617 D€AB OROE
013 NGET CravRC

Table Design View

To see exactly what each record contains and how it has been set up:

Click on the [View] button ( 24 ) on the toolbar, or use Design View in the View menu.

The Table Design Window lists the field names, indicates their data types and also
shows the field properties. In the next section, we will illustrate in detail the setting-up of
this table.
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Primary key

Note the key sign ( ¥ ) at the left of each of the fields hh_no, Province and Vil_type.
The presence of this sign in these fields indicates that these fields are the primary key.
Primary key is either a single field or a combination of fields, which acts as a unique
identifier. The primary key is always a unique- MS Access does not allow for duplicates
of entry in the primary key. In many cases, the choice of primary key is obvious.

Field Properties

At the bottom of Table Design Window
is the Field Property Box. Field
Property Dialog Box allows you to set
properties of a particular field.
Properties include the Field Size (for a

BB ix1 1 staster Table @ Tadle

Nacng ¢f ronnee. L IBTEOT) OV, 235enm Redp, Iarcd
Nurnar Tom of wiage. S=fenng, 2eFEhrg a Faring, JeFxowg ¥

. g s ) \ NuTOwr A9 Of PoARerOid Pesd
numeric Field Size includes integer, ot Seorghiclymar sy sty ot SO

oo 1) vawe o4 Yoer?

byte, decimal, etc) Format, Caption, etc. Fera Preporecs
Most Properties have list arrow button walose| ,
("~1) attached on them for you to select | fe= '

Decimai Paces. ] '
an entry. A description of the Filed Pt i JCETr N
Property is also provided in the right B ro2 Rr-Forerd
hand side of the Field Property box ‘§:‘: g’“”“”@ R

(written in blue color). Take particular ;
attention to Validation Rule and
Validation Text. With Validation Rule, you can impose validation checks to accept only
entries within a specified range, so that typing data outside the minimum and maximum
values is prohibited. This is to ensure that the correct sort of information is being
entered. Validation Text is the corresponding message that will pup-up once an invalid
entry is key-in. This is equivalent to Error Alert in MS Excel.

... | One can also impose Validation Rule and Validation Text on the same
Y1) | fields during Form Design. However, it is a good practice to set them
&4 | during Table Design.

Relationships.

As mentioned earlier, the tables in the database are linked together. These links can be
built into the design in Access, through primary key. For tables 1 and 2 to be linked, the
primary key of table 1 should be present in table 2. In other words the fields should be
present in both tables. This linkage is called relationship. To view on how the tables in
the database are linked together, close the table to go back to the database window,

click on relationship command button ("3) below the menu bar, or click Tools menu
then choose Relationships.
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Learning by doing — Table construction

Tables can be constructed in many ways: (a) Datasheet View creates a dummy
datasheet; (b) Design View lets you do everything yourself, from scratch; (c) Table

Wizard has predefined Sample Tables (e.g. Employees, Addresses, Inventories) for both

Business and Personal application and (d) /mport Table and Link Table allow you to
import data from or link the table to another file, respectively. This file could be an Excel

spreadsheet.

In this next section, we will illustrate how to create Tables. To understand the
fundamentals of table design, we will design Tables from scratch using Design View.

Specifically, we will create a new database. Then create a Table with the following fields.

Item number

Data type

Remarks

1. HH_No

Number (Long Integer)

Part of Primary key

2. PROVINCE

Number (Long Integer)

Part of Primary key

3. VIL_TYPE

Number (Long Integer)

Part of Primary key
Coded:

1 if Fishing

2 if Fishing and Farming
3 if Farming and Fishing

Set Validation Rule and
Validation Text

4. AGE

Number (Integer)

4. GENDER

Number (Binary)

Coded:
1 if Male
2 if Female

Set Validation Rule and
Validation Text

In order for us to illustrate making relationships among Tables, an exercise to create
another Table will be given. This will also allow us to illustrate how to create subform

later.



Create a New Database

1. First, create a new table by clicking on New

command button (2) or use the File Menu to

select New... . Ele Edt View Insert Tooks Window Hebp

2. New Database Window appears. Click on
Get External Data »

Database icon %&S8 and click on Ok command

button.
Gonord |Cataceses |
=N &  Ezm
Dc:::m (Q-"C.. oam‘:::'
Create a New Table

£ dbY : Database

3. A new Database window
will appear. Under
Tables, click on Create
table in Design View.

4. Ablank Table (Table 1) in Design =
View appears.The first field is forthe [ ..~ T e

) . Cormd [ Loono | T
household hold or questionnaire s soe
number - type in hh_no and press o
Oof ik Voo The Gata type detarangs the
<Return> vt re e e i T
v ot heD o0 types.
Note: It's important that you name the fields | smiews
exactly as specified in these notes for one o Comprezmn, Yes

of the later exercises to work.




i@ Table1 : Table

5. The corresponding Data Type is Text by

' Data Type

default — use the list arrow button (=) rh-no

attached to Data Type to change it to
Number.

6. The Description is optional — butitis a
good practice to write something
describing the field for future use. Type
Household size.

7. Move down to the Field Properties. Set:

EENENEEEET

o Decimal placesto 0
¢ Required to Yes, since it is part of the Primary Keys.

Text hd
Text
Memo

Date/Time
Currency
AutoNumber
YesiNo

CLE Object
Hyperlink

Lookup Wizard...

¢ Indexed to Yes, (Duplicate OK), since it is part of the Primary Keys.

precision and storage size.

Tip: The key <F6> can be used to Switch panes - or you can use the
mouse. The default Set Field Size is Long Integer. Appendix A lists all
the field sizes of a Number data type with their corresponding decimal

= Jablel @ Jable

8. Move to the second field.

Set the Field Name to
Province and the Data
Type to Number.

You could now fill in the
Description and set some

Properties but, to speed things up, Corers [ ook |
just leave the settings for this (and | = Long lcger

subsequent fields) as they are. Docma laczs o
o Mask

Cagtion
Oefoukt Valuo
Valgation Ruls
vaidahon et

Indaxad Yos (Oupicatos OK)

9. Move down to the Field

Requrro 0ata entry n s fiald?

Properties. Set:
e Decimal places to 0
¢ Required to Yes, since it is part of the Primary Keys.

e Indexed to Yes, (Duplicate OK), since it is part of the Primary Keys.
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10. Move to the third field. Set the Field Name to Vil_type and the Data Type to

Number

11. Move down to the Field Properties. Set:

¢ Decimal placesto 0

¢ Validation Rule:1or2or3

o Validation Text: Entries mustbe 1 or2or 3

¢ Required to Yes, since it is part of the Primary Keys.

¢ Indexed to Yes, (Duplicate OK), since it is part of the Primary Keys.
12. Move to the third field. Set the Field Name to Age and the Data Type to Number.
13. Move to the fourth field. Set the Field Name to Gender and the Data Type to

Number

14. Move down to the Field Properties. Set:

e Decimal placesto 0
¢ Validation Rule: 1 or 2

e Validation Text: Entries must

be either 1 or 2

The table must look like the one on the

right:

Setting up a Primary Key

15. Highlight Rows hh_no, province and

Vil_type.

16. Click on the Primary Key button
key symbol appears in the field
indicator column.

L
it

T e

Cowd | Lomp |

A faid e £ o O L3 64
raczars 00, eairg
cavad, Prams £l I b an
LN

17. Now close the table by clicking on close button. You will be asked to save the
table. Click on Yes and retain the table name Table1.

11




Table1 must appear in the Database

Window.

Exercise:

it dby 1 Database

1. Create a table similar to Tbl2 item 8 income which will contain the following

fields:
Item number Data type Remarks
1. HH_No Number (Long Integer) Part of Primary key
2. PROVINCE Number (Long Integer) Part of Primary key
3. VIL_TYPE Number (Long integer) Part of Primary key
4. SOURCE TEXT Part of Primary key
5. INCOME Number
2. Under the Field properties :1
of Source, click on Field Propartis
Lookup tab set the Ganeral Lociag | -
following properties: g:'ﬂm e
Display control: List Box e FEnngiFh cubroifarmng
Row Source Type: Value List ol s Mo A fiald name
Column Widths

Row Source: Fishing; Fish
culture; Farming

3. Save the table as TABLE2.

—rn =t



Relationships

In this section, we will illustrate how to create relationship between Table1 and Table2.
Note that Table2 include SOURCE as primary key. Hence, it is lower level than Table1.
Thus, expect that the relationship is one to many.

1. From the Database Window toolbar,

click on Refationship button (58). Tabls | Quenes | s | [Coaa
Cose

2. You are now going to select (add) the
Tables you want create relationships.
Highlight Table1 and click on Add
command button and do the same for
Table2.

The two tables will be represented by mini-

boxes (with the corresponding list of fields) in SR ek
the Relationship Window. D@ eR¥|isnRsy B> W
| G Edt Viow [ Relationships Ioois Window bep

3. You are now going to establish/edit
relationship. Click on Relationship
menu then select Edit Relationship.

4. Edit Relationship dialog box

appears. Click on Create New.. [kt
command button. TablajQuary: Related Table/Query: Create |
[ -] =~ |
~1 -
£ Join Type.. I
I -
Creats New

— Zrforce Referential Integrity
™ Cascade Update Related Fields
[T Cascade Delete Related Records

Relatisnship Type: Cne-to-Many i
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5. You are going to specify which table
is “Left’ (one side) and which Table
is “Right” (many side) in the
relationship. Then specify a field
common to the Tables that define
the relationship (hh_no). Click
Continue to retumn fo Edit
relationship dialog box.

6. Edit the relationship by adding
Province and vil_type. Use the
list arrow button ("~ 1) attached to
each cell to select these fields.

7. Click on Enforce referential
integrity option so with the
Cascade Updates and Delete
Related Records options.

8. Click on Create command button.

9. The relationship is created. Click

close button to close the
Relationship Window.

Create New

Left Table Name Right Table Name
[Table1 v |vabte2 ]
Left Column Name Right Column Name
[rh_no ~] (N -]

Cancel I

Edit Relationships

Related Table/Query:
I".: 4+ _'_!"': L

FH_NO

TablajQuery: Related Table/Query: Create

=S ;]’::r-r; _.J E——]

hh_no HH_NO PS

pravnce PROVINCE - :

W e ol
v

- Enforce Referentiai Integrty Creats Now.. |

14




Query

Lets tumn our attention to another object in our Database- the Query. A query is a
question that we ask the datadase in a language called SQL (Sequential Query
Language). The recordset/dynaset is the answer that we get back to the database. A
recordset could be a subset or part of the raw data or it could be a summary statistics of
the fields in the raw data in a form of corsstabulation table. Often, the recordset/dynaset
are referred to as the query. Hence also apply in this document.

Let us now view some of the queries in our database.

t® Tonle Sap ecnomic vluation : Dbase AL The query er Fish Catch401

@open BDesgn ToNew X % T ZEM subset of Tbi8 item40 Fish Catch
& RPUTE e —— 5 | table that contained catch and

@) Create query by usng weard @} disposal information of households

&

&

y | S Iy e Cah by Prow by Speass (household level).

B Gry Fish Catch by Province
g &y Feh Carh oy peces The query Qry Fish Catch data
e gx Fish Catch Spec401 by species is a household level
& Qry Fish Catch Specos data of fish catch information by
& Qry Income by province by Source species.

@ Qryincome cama by saurce Qry Fish Catch by Province

contains average fish catch by
province.

Qry Provincial Distribution is another query containing the distribution of sample by
province.

To view the query, double click on their

names in the Database window. Let us view e Sat Vew [nsert Fymat Records Tools Window Hep
some of the mentioned queries. MUK SRR RN 2 A
= Qry Fish Catch by Province : Select Query

e
province | AvgOfSumOfCaught | AvgOfSumOfSolid | A

_Be Edt Yew [nsert Format Records Tooks Window bep k 48.10 3288
E-@SRQAV «aY - 2 83 +B 2 115.12 8149

3 53.96 38.92
Q u O Q
hh,,rm1 m-ovlm:e1 vil_typo2 (:augﬁt3 Sol% Consu: : 4] 1 ||'_"'T > o1 b= of 3 )
1 on 1 2 22
23 1 2 10 9
_Fe Edt View [nsert Format Records Tooks Window |
| 31 1 2 3 g 'EB.V r‘hi}w‘* a4 N X
|| 48 1 1 40 0 , 1= Qry Province distribution : Select Query
|| 52 1 1 35 35 i
[ | 58 1 1 1 0
|| 61 1 1 5 3
[ | 62 1 1 2 0
65 1 1 7 5
Record: 14] 4 | 4 > Mr~Jof o4
D U RS O T——
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table, Viookup and Filter. Unlike Excel, when you save queries
and reports you do not generally save the resuits. Instead you
save the instructions that produce the results. Whenever a query
or report is run the data are taken from the underlying table(s).
Thus the results always reflect recent changes in the data. This is
a little like "refreshing” a Pivot table in Excel so it reflects any
changes in the data. Because Access stores the instructions to run
the queries and reports it is possible to do a pilot survey, or just
collect a few records initially and develop all the queries and
reports you want, based on just these few records. The data are
just used to check that you are producing the right looking table or

@ Query capability is the combined capabilities of MS Excels’ Pivot

There are three viewing options available to us in the View Menu while working with
queries. The view above is the Datasheet view, which is very similar to the datasheet
view of Tables. The other views are the Design view and SQL (Sequential Query
Language) view. The Design view uses the Query Expression Builder (QEB) utility to
create the build. SQL option allows us to view the equivalent SQL that the QEB grid
produces in a query window. The datasheet View allows us to view the recordset that
our query produces.

The next screenshots, are the equivalent Design view of the queries above.

T2 Microsoft Access

Ge Edk Yew Juert Query Toos Window ticb
B-8 - . @@ QA v @

1 Qry Fish Cotch Spred01 : Select Quary

bl 8.item 4Q...

TA
BL 5 5x pow yoot Qv Ion wrow uw
E and pre defined QUERIES in the database. ©2-8 8 B! Sz N - 2NBa-

Inside of each box is the list of corresponding
fields. Below the mini boxes are slots defining
the query. The FIELD holds the all the fields
you want to extract/use/see (answer the
question what information). The TABLE is
indicative of to which Table the field belongs
to (answers the question where to get the
information).

16




The TOTAL indicates the FORMAT (List of record or summary e.g.

Average, Count, Variance, etc) of the particular field (answers the province
question what format). gm;o;l Fish catch -

The “Group by” option will list the values of the field in the Query. Max
The “Where” option (Qry Fish Catch Spec401) limits the result to Count

| »

only certain types of records in the database. In this case you need SPQV

to add a “Criteria”. This can be done on any query...whether you var

have a group by or not. And you can limit your results based on Frst

criteria in more than one field. Jst
Expression =

The “Expression” option is usually used when you create a new Where v

field base on the predefined fields. The format (TOTAL ) of the field
PERCENT in Qry Provincial Distribution is “Expression” since it is derived by dividing
the number of household in a particular province (numprov) by the total number of
Sample (TotSamp) multiplied by 100. Note that the corresponding TABLE is blank. Note
also that the SHOW option box of TotSAmp field is not ticked so with SHOW option box
of Species field in Qry Fish Catch Spec401. This tells the query not to show these
fields in the result.

Tools in Building a Query:

Sigma Button - = |- located along the top toolbar. It will only be present when you
have a query open and in the design view. This is used to do a “summary” or trend
query. This is where you want to “group” records together to find out “how many” or “how
much.”

Run Button - LI ~ Colored red. Located along the top toolbar. This is used to “run” the

query and get your results.

Add Table - Ii — this is a button, located next to the Run button (on the toolbar). It
has a yellow plus sign and a table symbol. Use this to add a table to your query...in
cases where you need to pull information from more than one table. Remember to join
the tables by drawing a line between the “matching” fields (if the computer doesn't
automatically join them)

Datasheet Button @ and Design Button 2 [ocated at the rightmost corner of the
toolbar. Used this view looking at the results of your query and to go back to the grid to
change the parameters. An alternative is to use the View menu.

17



Creating a Query in Design View

For illustration, we will redo the query on Qry Fish catch by Province by Species,
which by its name is the province and species-wise average quantity of fish catch and
disposal (sold, consumed, processed, etc) including average unit price (Riel/kg) and the
number of household.

il Qry Fish Catch by Prov by Species : Select Query

> | 1 i

] 1 5 a7 1374 1163 185 000

[ | 1 10 1 10.00 0.60 2.00 .00

| 1 1" 1 18 00 18 00 000 000

| 1 12 9 8 11 422 100 0.00

| 1 15 1 200 200 000 0.00

| 1 2 a3 209 095 079 002

| 1 28 12 142 0.67 057 000

| 1 54 2 77 00 7450 250 0.00

[ | 1 57 2 1.50 0.50 1.00 0.00

| 1 64 25 2048 9320 12104 060

: 1 85 7 11.00 1.7 043 0.00 .
Record: 84 [Tt > |0b]> fof 1e2 <] ! =»)_J

— p———

The table source is Table 8 item 40 Fish Catch and a total of 182 records were
extracted.

Queries can be done in several methods. For our purpose we will be using the query
builder in Design View.

1® Tonle Sap ecnomic valuation : Database - ”Di@

From the Database Window, choose
the Queries tab (on the left of the
navigation box).

1. On the right hand side of the
navigation box, double click on
Create query in design view.

£ Qry Fsh Catch by Prov by Speoss
& Qry Fish Catch by Province

& Qry Fsh Catch by specess

& Qy Fsh Catch Province distrb

& Qry Fish Catch Spec0l

@& Qry Fish Catch Speco

& Qry Income by province by Source
& Qy Income data by source

&
)
& 1,2:3496,7.8:9;10,11:12,13,14;15;16 &
&
&
&

< >

2. That will lead you to the Query Expression Builder. A Show Table dialog box
showing all the Tables and Queries in the database appears in front for you to
specify the table(s) you want to query. Highlight in blue Tbl 8 item 40 Fish Catch
then click the Add command button.
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3. A mini box containing the list of all the fields of Tbl 8 Iitem 40 Fish Catch will
appear at the top. Click on Close command button.

4. Notice the options on the left side of the grid. These are the “slots” in the grid that
you need to fill in (some are optional). The three that are required for every query
are Field, Table and Total. They have pull-down menus where you can choose
your entries. If Total is not shown, click the Totals (£ ) command button at the
top of the screen.

T2 Microsoft Access
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5. (What to see?) One by one choose the fields that you want to see by double-
clicking on the field name that appears in the mini box (list of variables). The field
names will then appear in the grid below on the “field” line.

8 . SR T @t A v Da-d.

e —
— —

=] Caspt Sold Consumd
Table: |61 8 tam 40 Fshcal  {GI8 md0Fshcal  |Bl8 emd0Fishecat  Ithi8 mm40Fishca  |1i8 mm
Tetal: |Group By Group By AvqQ =law Avg
Sorts Croup By -~
Shaw: Sum - =
4 GCara: -
ar: Mn
< Max
Count
StDev
var v

6. (What format?): Under Total, specify the format of the fields. Use the arrow list
button (1) in each field (column) to assign the Format. For Province and
Species, select “Group by” (list province and species). For other fields select
“Avg” (average).

Creating a computed field

Insert/Create a frequency field which indicates the number of household in a particular
province who reported to have caught a particular species. To do this:

7. Place the cursor anywhere under the % EAT Vew Insert Query Tools Window Hep
Caught field. B- g -  Rows e @t

8. Click on the Insert menu and select on
Columns.

9. A blank column will be inserted between species and caught. Under the Field,
supply any of the fields in the table (say Species). Also supply the name of the
frequency field in the query (say Freq) which should be written before the table
source field (Species) followed by a colon (:).

10. Under Total, use the list —

—
Fald: {provece Specet < feq: 9% Caant
arrow button ( ~1) to Tat: {10 mem 40 Fh e |01 0 mm 40 Fish &7 %m 90 Fencar @18 nem 0 F
Total: 8y Gap B Couny ~Jan
select Count. o, [0S o2k oy =
Srow: =] Sum ~ )
Crreria: Avg -
or: Min
< Max

StDav
v hd




Viewing the Resuit of a Query

11. To view the result of the query click on the Datasheet button (8) which can be
found at the top of the screen, or use the View menu to select on Datasheet
View.

T2 Microsoft Access

_® e Edt Yew fsert Foymat Records Toos Wndow e
CME-@B8RY ™ ° - 2 N YH & -« DFg- .

_ AvgOfCaught| AvgOfSold |AvgOfConsumiAvgOf
> ; 1 1 1 1 0
! . 1 5 27 13740740741 1162962983 1 8518518519
I 110 1 10 0 2
I 1 1 1 18 18 0
i 1 12 S 1111111111 4.2222202222 1
5 1 15 1 2 2 0

¥ 1 2 43 2.0930232558 0.9534883721 07806976744 0 0:
I 1 28 12 14166666667 0.6666666667 06666666667

Formatting columns

The result of the query in spreadsheet format is displayed. You may want to format
some of the columns e.g. say limit the number of decimal into 2 and apply comma
(0,000). To do this:

12. Switch to Design view mode by clicking on the design

view button (& ) or use the View menu to select
Design View.

Gax__ T
Higitem4 E Totals
YD B Table Names

13. Right click on Caught. A drop-down menu will appear.
14. Click on Properties.




15. A Field properties dialog box will appear. Use
the list arrow ("~ 1) attached to the Format to
select Standard.

16. Close the Field Properties dialog box by
clicking on close button (2a3).

- .
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Forms

=7 Field Properties

General Im |
Daspton . ....oo.0n
FOrmat.............. Standard -
Oecimal Places . ........ Ganeral Number
InputMask . .......... Currency
CHVON ... Euro

Fud

Percent

Scentfic

< >
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Let us now investigate the forms in our database.
A click on Forms tab from the Database window
lists all the forms in the database. As we can see
there are 5 forms in the database. The form “frm
Data Entry” is by its name the Data Entry form of
the Database, which is a mirror image of the
questionnaire. All the other forms are Menu
forms, which provide general navigational

3;] Creata rorm 1 Deogn view
R] |d) Croate form by LG wasrd
- s Cata vy
& m Exporty
fm Man Meru
B tmPopup Moy
B tmReport

)|

functionality of the system. Earlier, we saw the start up and main menu forms when we
open the database. Let us first have a closer look at the frm Data Entry.

The Form View

Page 1|Page 2| Page 31 Pege 41 Page 5] Page 0| Page T| Page 3! Page 2 Page 10 Poge 11 Page 12 Page 13 Page 18 =
[ W o Bt om0 rnsencs mroer [

L Location Addrecs
Narme of Housencsa Heed RN MOUT

V308 rame

]
Comerune 0 .l
i

Upper window of page 1
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st SR Lower window of
fle Gt Yow pewt Rgmat Records oo jndow Lo

X-GaR? e 4. /8 MA@ Oa 0. page 1
mrw-’hﬁ;‘ ¥ v Iy - b e

The screen shots above resembie the first page of the questionnaire. To switch from
page to page, click on the Page Tab button, which can be found at the top of the form.
Note the Sources of income (item 8) here is a sub form - a form with in a form (main
form). The information entered in the main form will be stored at Thl 1 Master Table,
the information entered in sources of income sub from will be stored in TBL2 item8
Income table. Sub forms have their own navigational buttons and record selector.

At the bottom portion of the form are command buttons, Add Record, Delete Record
and Close Form (¥ _[). Note that in deleting a record in the main form, all related
records in different subform will be deleted as well.

Just like a word processor environment, the form design has several menus (File, Edit
View, Insert, Window and Help). The view menu allows the designer to switch from Form
view to Design View or Datasheet View and to add Page and Form Header/Footer. You
build the form using the Design view. You enter the data using the Form view. The
Datasheet view used a spreadsheet. Page 1 cannot be viewed using Datasheet since it
has a subform Income. But the subform Income is actually in Datasheet View mode.
Now lets, view our Form using the Design View. You may either click View=»Design

View or click on the Design view button 24 .




Design View

In Forms (and Reports) what you see in Design view mode is what you get in Form View
model unlike Tables and Queries.

p

|
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Toolbar

Note that MS Access provides you with a Toolbox. The Toolbox provides many
standardized elements, known as controls (label, text box, combo box, ext), which were
used to design the form. To create a particular control on the form, click that particular
control in the toolbox and point the cursor arrow to the area in the form where you want
to place the control. Alternatively, you can drag and drop the field from the field list mini
box to an area in the form. You can move or rearrange the controls by dragging them.

The stock controls available in the toolbox are illustrated and explained below, relating
them in form for better understanding. Note that not all controls were used in the
database.

24




Select objects — when clicked, provide the ability to select controls in the form
design.

Control wizards — When pressed, a wizard will be shown when adding another
control to the form.

Label - a control for displaying, non-editable text to the user (e.g. “I. Location
Address”)

— a control used to display data and capture textual input from the user
(Name of Household, Village, Commune, etc).

Option group - a control for displaying group of related controls for a data
element with a limited number of options (that is Option 1 = yes, Option 2 = No
Option 3 = Not applicaple).

Toggle Button — A control, capable of being included in an option group, to
indicate two states (depressed and undepressed) (support third state).

Option button - A control, capable of being included in an option group, to
indicate two states of data elements (that is, On or Off) (support third state).

Check box- A control, capable pf being included in an option group, to indicate
two states of data elements (i.e. Yes or No) (support third state).

A control to provide a list of values driven from a table, query or
hard-coded list which drops down for the user to make a selection (District,
Province, Village type).

List box- A control to provide a list similar to a combo box but displays more
then one element at a time and supports multiple selections.

[Command button| — a control to provide a clickable interface in the forms’
environment (Add Record, Delete Record, Close).

Image - a control to display images within the form environment.

25
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« Unbound Object Frame — a control for showing OLE objects (that is, Office
Documents, Charts, etc...) that are not stored in a database table, thus
considered unbound

« Bound Object Frame — a control for showing OLE objects (that is, Office
Documents, Charts, etc...) that are stored in a database table, thus considered
unbound

+ Page break — a control to introduce a physical break of the page within a form or
report, navigable by the Page Up/Page Down keyboard buttons.

. — a control for introducing tabbed elements into your
interfacesimilar to the tabbed dialogs and forms found within the operating

system (The Form itself is composed of 24 Tabs).

o [Subform/Subreport Control — a control for introducing a secondary subordinate
form or report into a parent form or report (Source of Income).

o Line Control — A control for creating a line in the interface of a form or report.

¢ Rectangle Control — a control for creating a box in the interface of a form or
report.

e More controls — a toolbox option for exploring all registered Active X controls on
the system.

Properties

Each and every object/control in the form has a set of Properties attached. The form
itself is an object and has its own Properties. At first sight seem very complicated but
which in fact aren't that bad.

To view the Properties double click in the box (!), which can be found on the upper
left hand corner of the form.

While there are quite a few tabs in the Properties = Form 3
Dialog Box, they should not intimidate you. The tabs Format| 0t | Gare | Otor A1 | '
within the properties are means for logically ordering e N e e 2lad e
the vast array of properties by the Access Form Oy .

Object. Access offers a large number of properties to Comn o

handle the design complexities of a database, but you Viows alowed ... fam

are not required to change each and every property. In | towosmes 20

the next section we will discuss some of the common Dty T -

properties, which we need to change or fill in. At this eyt vt

point, we check on the Data tab and specifically, we fokebr iR oy

highlight that the Record Source property of the form Navgacen uzons ... . ves .

which is Master Table 1. This indicates that the information that will be entered in this
form will be stored in Master Table 1 table. The list arrow (1) attached to Record
Source allows you to select the Table from the list of Tables in the Database.

Not only is the Form has properties but the controls as well. Lets view the properties
dialog boxes of some of the controls in our database. We will not however pay in-depth
review of each of the properties but only on some properties, specifically the Control/
Source.




=7 Text Box: hh_no

Text Box Property Dialog Box (HH_NO) MM oeeitieneneen W ro s

CONTOISAUC . ... vveee Mo =1
FOrMat. . ..vvveeinenien [11] -

As mentioned earlier, the text box provides capability of | feems 700

displaying data to and accepting data input from the oy LA

user. The Record Source property of the text box yussTn TR o

assigns the field from the table (indicated by the control G oy By ... :m“-"’“

source of the form in this case Master Table 1) to Vot -

where the values of that field will be stored (HH_NO). ST TN A
EnaBig...........0...an Yas

Note that the Text Box Property Dialog Box allows you oL N v

also to set Validation Rule and Validation Text. But if

you have already set Validation Rule and Validation Text for a particular field during
Table Design, there is no need to set another one for the same field here. In our
discussion on Table design, we suggested that you set all Validation Rule and Validation
Text during Table Design not during Form Design.

Combo Box Property Dialog Box (Province)

7 Combo Box: provincs

Distnet:
Province:

]
Famponga Chhnsng

Kandal
Il profile of the head g Siem Reap

Village type:

The Combo Box Property Dialog box is almost similar to that of a Text Box except for
some additional Properties: Row Source Type and Row Source. As mentioned earlier,
Combo Box provide a list of values driven from a table, query or hard-coded list which
drops down for the user to make a selection. There are three choices for Row Source
Type: Table/Query, Value List and Field List. If you choose “Value List”, then you
have to list down the possible choices under Row Source:. If you choose “Table/Query,”
then you have to specify the name of the Table or Query in the Row Source property. In
the screen shot above, we use Value List for Province. Note the sequence of the List:
number followed by province name. Beside the Property dialog box is the screen shot of
Form View on Province. Note that there are 2 columns in the list of choices with the first
column being the “Code” and the second column being the “name of the province”.
This is because “2" is specified under Column Count Property and “1" is (first column)
under Bound Column Property.



k7 SubformfSubreport: Childz55%

Dialog box of the Sources of

income (subform) NAME . eeeoeeenennn Chit2ss -
Sosrce ObRCt. .. ... u.nn.. Table.hl 2 tem 08 Source of Income} =]

The subform (child form) control is @ | uawaser Fets... ... o Spasreres

form with in another form (Parent 9“::: Bar Text...........

form). Like the Parent form, it has a ;:,,h,};,;‘;.j RN I?f,a,s

source object as shown in the Bnablad . ............een Yes

property dialog box, which is atable | Yaae, I Vs

(tbl 2 item8 income). The link Child | Tomdax............... 4

Fields and Link Master Fields are o oy

the fields that links the Source s LY D =

Format] Dam | Event | Oter Al

Object (tables) of the Parent form (tbl 1 Master Table) and Child Form (tbl 2 item8
income). Normally, when you create a subform, Access will automatically identify the

Link child and Link Parent fields.

Dialog box of a command button (Add
Record)

Most of the command buttons in this
database were created using the wizard
without altering properties dialog box and
the code at all. In the next section we will
illustrate how to create a command button.
At this point we will show the On Click
property of the Add Record Command
button and the Event Procedure Code that

was generated automatically by the wizard.

This Event Procedure Code is
a set of commands that will be
run when you click the button

&5 Command Button: AddBtn

Format| Dam | Event | Other A

k]

(300 OR Yoo yeut Qg L Dok 43S WINOR IO
< - s s el MNPYW-* D nnas
s

in the Form View. To view the
code, click on the three-doted
button (==l) attached to On
Click Property.

=] O K]

Fc1vate 3ub AdBTA_Slick(t <

on greor GoTo Lrz_Readen_Click -
DoCad.loToRecord . , aclewRec

Exst_Adasta_Click:
PRYET 3

Exp_Aadsta _Click:
M3g30x Seo.Pectiption
Razcae Sxic _Adsldta Slick

£33 $ud
2rivate 3ud Closedta_Clickd)
©a geror GoTo Eee_Closedtn Click

Solni.Ciose

Ex1t_tlosestn_Click: ’
£x1t Sub

Eez_TioseAta Cliex:
X3380x E£e.398C212T100
Resume Exit_Closedtn Click
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Creating a Data Entry Form in Design View

In this section we will illustrate how to design Data Entry Form from scratch. Specifically,
we will illustrate how to create a Form with a Tab control, Label, Text, Combo Box,
Sub form, and a Command button. We will use the Tables we created in the previous
section. Specifically, we will create a form which looks like the one below:

r

Lo accons - (formt form]

THow &x e yoot Pymas Sscores Toon ACOe t 2 BIX!
X-Qen> . U Y A ST,

[T v Mo vl e s g 2 AL B @,

e

1. Open the database Exer1.MDB.
This database contains Tables
Table1 and Table2 we created
earlier.

2. On the right panel of the
Database Window, choose the
Forms tab.

3. On the left panel of the Database
Window, double click on Create
form in design view.

4. A blank form will appear with the Toolbar. If the Toolbar is hidden, open the

View menu, click on Toolbox or simple click on the ToolBox button (% ) in the
Toolbar. To automatically view the toolbox every time you create a form, click on
Toolbars from the View menu... and then ToolBox.




12 Microsol) Access
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5. Click on the Maximize Window button (m) to enlarge the form design window
or double the title bar

6. Drag the Detail borders out to fill the whole screen.
Specifying the Table to where the information will be stored

7. One of the first things you do is to specify the Table to where the information to

be entered to this form will be stored. Double click on the form button (&), which
can be found at the upper left most corner of the Form. Or alternatively, click on

Property Button ( &) in the toolbar. Another alternative is use the View menu
then Property.
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A Form Property Dialog Box appears. Format| Oa@ | Evont | Over 40 |

8. Click on the List arrow ("~1) attached to

Record Source and select Table1. Dottt S Form
A mini box containing the list of fields of Table Ao Do
should appear. If it does not appear, click on the Allow AGGONG .- Y03 v

List button (&) in the Toolbar. You are now ready
to create controls with the fields. But first you need to create a
Tab control.

Creating a Tab Control e T R e e o g B OX. P
forn hd - . 0 - . .

2 e &

B[ T e

9. Clickonthe Tabcontrol = ——
button (1) in the e e e
Toolbox. :

The Pointer will change to Tab
control button signifying that you
select an area to where you put
the tab control.

10. Hold down the mouse R
button and select an ; m—

area. '-'l'ffo'-:.u:-:lz 3 75 = s Zao- i TR s
11. A Tab control having 2 Tabs is drawn. Drag the borders to make  ¥set Fomat Toos wnd
it bigger. _PageNymbers...
You can add more Tabs through Insert menu=» Tab Control Page. : m:

Creating a Text Control

Now First, let us create a Text Control. Say “Il.
Profile of Household Head".

12. Click on the Label button (4= )in the Tool
box and select an area in the form to

where you want to place the Label. A blank fabel will appear for you to write the
Caption.
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You may change the font, font size, font color, back ground, apply special effect on
the control

H ph ewre Fyemar Do o « i) %|
creatlng Text BOX u-na: sia«ntarcas\na ox.

Tt v tevas -l-llﬂ..‘ﬁ-A-.‘-l’--

Let us create a text box for (e
Household no.. :

1. You may use the
Toolbox or simply
drag “hh_no" from
the List Windowtoan |:— —
areayouwanttoput || - e
the control. : .

Note that the Text Box
comes with a label with

caption similar to the field
name.

2. Edit the Caption of
the attached Label to I(Household no:" ....................... forosovarrroveneiianaiin Jorrrrionsarnrones

Note you can however always delete the attached
label.

IA. Profila of Household haad ]

3. Follow the steps number 13 and 14 for
Province, vil_type, Age and Gender. Provnce: | provrca
\illaga typa: Ji_type

bet] e -
fardar: ] JGenciar

Creating a Combo Box Control by Changing a Text Box Control to a Combo Box.

Lets create a combo box for Gender.

4. Right click on the text box T 0e t e raes fras e T

Gender. Then select Change  2.°*% .. *” ;:;F.;_'-w

To followed by Combo Box on

the drop down menu.

Now it changed to a Combo Box
with the attached List Arrow.




You are now going to fill-up the Row
Source Type and Row Sources
properties using in the property Dialog
box. Make sure that the Gender combo
box is clicked.

5. Use the List Arrow (~1) attached to
Row Source Type property to select Row Source Type . .. ... .. value List
Value list. =

6. For Row Source, type “1,2".

% Combo Box: gender

A, Profile of Household head

View the Form by clicking the Form View
button () found at the left most corner of the

Toolbar. Click on the List arrow attached to Province: |
“Gender”. It is not clear what sex pertains to 1 Village type: i
and 2. Add the Value Label on the codes to Age: | 0
make the Form look like the following screen Gender: -]
shot: 1
2
Ayg: | u
Gender: -
2 Female

X)

= Combo Box: gender

v Formet | Data | Event | Other Al |

7. Click on Design View button (&5 )togo | Mm..-----coveeevee gender 2

back to Design View mode. il gonder -
DecmalPlaces .. ........ Auto
InputMask.............
RowSource Type . ....... value List

8. Click on gender combo box. ROWSOTTE . . ..vvetnns 1;"Male";2; Female’
ColumnCount . . .ovvavan, 2

9. Edit the Row Source entry to: Column Heads . ......... No

1; “Male”; 2; Female. s 11 1e e s

10. Set Column Widths property t0 0.3;0.7 | wswan....0 00 Adto

StawfsarText ......... qendef“ of the hous: v

Now View you Form again and aga:
try to enter “3” under Gender. Gandor:
You will be prompted with the

following message. The

message is the one you wrote [ & | wo |
under Validation Text property
during Table Design.

A Entry must be either 1 or 2

33
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Creating a Subform

cens - - . oa - PR Y ST TN

T R S T o
THoe ox vee yaet ryma Tocs praow o0
-G080  i0BY e ER¥ AP O3 OX.

alalx|

reprt Crddss

Let us create a subform whose (OF

¥ hetrer e
fomat| G | towre | Cvwr A8

Source Object is Table 2 and
link fields hh_no, province
and vil_type.

1. Click on the subform
button (B) in the
Toolbox.

The Pointer will change to

subform control button

signifying that you select an
area to where you put the tab
control.

2. Hold down the mouse button and select an area (just below Gender).

3. The Subform wizard will start to launch. Click on Cancel button and let us use

the Property box to set the properties.

4. You are going to specify the Source Object of the subform. In the Property box,
click on the arrow list ( ~) attached to Source Object and use Table 2.

Note that Access automatically sets the Link Child fields and link Master field.

Creating a Command Button: Add record

In this section we will illustrate how to create command button using the Command
Button Wizard. Specially, we will illustrate how to create a command button that Adds a
Record and another Command button that Closes a Form. We will put these command

buttons below on the Footer Section of the Form.

1. First check if the form has Form Footer under Design View. If
no, use click View menu then Form Header/Footer to view
form header and footer.

!:w_lnsat Farmat Tools
B, Qesign view
~§Eormm
‘0 Oataghest iew

|§E’W

Fiedd Lst
Tab Order...

19 Goce
v Ruer
v G
3D Tgobox

Page Header/Footer
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. Click on the
Command Button as-asa iaac

Caamaral? » Te#oma

. A command

Control (-1 ) on the
toolbox and select
and area in the
Footer to where you
want to put the
command button.

button will be
displayed. Also, a

Wl ACTON ) Y el B RCOEN WPl TI9 DUIDN § TeeR

OFlerert XIINe 276 Snalils U 6 CNGTY.

Comgrmm:
| RacUra Nevsacin

command button
Wizard dialog box
will pop-up
prompting you what
action that the
command button

will do when it is clicked. A list of different Categories of Action is listed in a
window on the left panel for you to select and the corresponding Actions on the

right panel.

. Since the command button adds a record when clicked, it belongs to Record
Operations category. Highlight Record Operations in blue and Add New Record

on the corresponding Action panel.

Ciick on Next command button.

. The Wizard will now ask you if
you want a text/caption or a
picture on the button. Select
Text and click on Next
command button.

Da you want text or a pictire on the bueton?
1f you choasa Text, you can typs the text to dsplay. If you

€ Text:  [addRecord

Pend (odting)
Piys Symbol

™ Show Al Penres

chooss Picturs, you can cick Browss to find a picturo to display.

¢ Fno: | [SToeu growso... |

w|<m|gm>|anm

|

. Lastly, you have to give a
name of the command button.
Type Addbtn.

. Click on Einish command
button. Your command button
will should look like this:

.o

Command Hullon Wizard

What do you want to name the button?

A meaninghud namo wd heip you to refer to the button kater,
[aaceen
m%wmmmmamw

e e e e o ot



Creating a Command Button: Form Operation

Most of the “Actions” of the command
buttons in Tonle Sap Database are to
open and close a form. These Actions
can be categorized under Form
Operations. To create such
command buttons, follow the step as
detailed above and select Form
Operations as Categories when the
Wizard ask you for action to happen
when the button is clicked.

What achon do you want to happen when the button s
prossed?

Offeront actions are avadable for sath catogory.

Command Hutton Wizard
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Report

You can view and print a simple list of records in your table or query to present
information. But it may not be the best way of presenting information to others. Using
Reports is an alternative to produce detailed and summary information that can be
easier to read and understand; have attractive formatting (with clipart or scanned
images, can be illustrated with charts and graphs and include calculations.

In this section we will show some of the simple reports in the database. These reports
were all designed using Report Wizard. In the next section, we will illustrate how to
design a report using the Wizard.

Report View

In the Database Window, click on the Report tab. The list of all Reports is shown in the
right panel of the Database window. Let’s view the RPT Fish Catch by Province report.
This is a simple report showing the average fish catch and disposal of fishing household
by province. Actually, this is the result of the Query Qry Fish Catch by Province. To
print the report, click on the print button (€ )in the toolbar or alternatively, click the File
menu and Click on Print.

F2 Microsolt Zecess - [Rpt Fash Caich by Province)

Fish Catch and Disposal (kg) by Province

Sveond BBt -
1 " 8

[1-3 s unn
£ m k2
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Report Design View

Now lets have a look on the Design View of the Report. The Design View Environment
of Report is very similar to Form Design View. There is nothing special here. As
mentioned in the Form Section, we made use of the Header and Footer in Report. In the
Report Header is the title of the report, which is a Label control. In the Page header are
the captions of the fields, which are also a Label control and in the Detail Section are
the names of the fields in the Query which are Text Box control without the Label
attached. The Record Source of this Report is the Query Qry Fish Catch by Province
as shown in the Report Property dialog box.

The functions “=Now” in the left hand side corner of the Page Header section returns the
current date under Report View and “"Page " & [Page] & " of " & [Pages]” at the right
hand side returns the page numbers. Again, these functions are automatically generated
by the wizard. If you don't like to show them, you can simply delete them.
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Creating Report by Using Wizard

In this section we will illustrate how
the Qry Fish Catch by Province
Query was created using the
Wizard.

1.

in the Database Window click on
Report.

On the Right panel of the
Window, click on Create report
by using Wizard. A Report
Wizard dialog box will appear.

Use the List Arrow button
(71 attached to
Table/Queries to select
Query: Qry Fish Catch by
Province. The list of all fields
of the Query will be shown.

Next you are going to select
the fields that you want to
include in the report. Move
All fields into second column
(Selected Fields) by clicking

on the 22_ button.
Click Next to continue.

Rerevew dDeson @New * 3 =

=m

& Rptincome by pr

@ Create report N Design view

L T e ey ]

@ Rptfish CANBY Fhe wiard asks

2 || RotProvince dsriounon

you W'

T/ Quores
= [uary: Qry Fan Cath by Arovncs - |

Avalible Feics:

You will be asked if you want to add

another Grouping level. In this

Province is already set as Grouping-
level field you don't need another field

so just click on Next to continue.

39

B ——



7. Next you are going to specify any fields
that you want to order in alphabetical
order. Unless you want, you can select
the fields from the drop down list.

Note the Summary Options command
button. If you want summaries on the fields
other than Averages click on this button.
This will lead you fo Summary options
dialog Box. If you don't tick on any of these
boxes. The Averages will be displayed.
Click on Ok to go back to Report Wizard
dialog box.

8. Click on Next to Continue.

9. Next step in the wizard allows you to
choose page orientation and layout of
report. Accept setting and click Next to
continue.

10. Next step in the wizard allows you to
choose Style of report. Click on Casual
for style of report.

11. Click Next to continue.
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12. Finally, provide a name of
the Report. Replace Qry
with Rpt at the start of the
filename. You want to
preview the report so leave
this setting as it is. Click
Finish.
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You need to make some modifications.

13. Switch to Design View (%).
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14. Now you can edit the Title of the Report. There are two ways of doing this. First,

15. Edit the Caption/Label of the fields

16. Now change the Orientation of the

17. Click OK command button to finish the

click on the Title control (Rpt Fish Catch by Province). The Title should appear
on the Caption Property in the Property dialog box. You can Edit the Caption
like any other Label control in the Property Dialog Box. Once you are finish, you
can click anywhere outside the property dialog box and the Title will change
accordingly. Secondly, click on the
Title three times and you can edit the
on the Title directly. You may also
change the Font size.

SR
I B &5 Yow It K¢
R & open..

(e.g AvgOf SumOf Caught to just
Catch) and adjust the spacing.

Report (Portrait to Landscape).

job.




Appendix A: FieldSize Property (copied from MS Access electronic Help)

You can use the FieldSize property to set the maximum size for data stored in a field set
to the Text, Number, or AutoNumber data type.

Setting

If the DataType property is set to Text, enter a number from 0 to 255. The default setting
is 50.

If the DataType property is set to AutoNumber, the FieldSize property can be set to
Long Integer or Replication ID.

If the DataType property is set to Number, the FieldSize property settings and their
values are related in the following way.

Setting Description Decimal precision  Storage size
Byte Stores numbers from 0 to None 1 byte

255 (no fractions).
Decimal Stores numbers from -10°38 28 12bytes

-1 through 10438 -1 (.adp)
Stores numbers from-1028 -
1 through 10428 -1 (.mdb)

Integer Stores numbers from - None 2 bytes
32,768 to 32,767 (no
fractions).

Long Integer  (Default) Stores numbers None 4 bytes
from —2,147,483,648 to
2,147,483,647 (no fractions).

Single Stores numbers from 7 4 bytes
-3.402823E38 to
-1.401298E-45 for negative
values and from
1.401298E—45 to
3.402823E38 for positive
values.

Double Stores numbers from 15 8 bytes
-1.79769313486231E308 to
—4.94065645841247E-324
for negative values and from
1.79769313486231E308 to
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4.94065645841247E-324 for
positive values.

Replication ID  Globally unigue identifier N/A 16 bytes
(GUID)

You can set this property only from the table's property sheet.

To set the size of a field from Visual Basic, use the DAO Size property to read and set
the maximum size of Text fields (for data types other than Text, the ADO Type property
setting automatically determines the Size property setting).

Note You can specify the default field sizes for Text and Number fields by changing the
values under Default Field Sizes on the Tables/Queries tab, available by clicking
Options on the Tools menu.

Remarks

You should use the smallest possible FieldSize property setting because smaller data
sizes can be processed faster and require less memory.

Caution If you convert a large FieldSize setting to a smaller one in a field that already
contains data, you might lose data. For example, if you change the FieldSize setting for
a Text data type field from 255 to 50, data beyond the new 50-character setting will be
discarded.

If the data in a Number data type field doesn't fit in a new FieldSize setting, fractional
numbers may be rounded or you might get a Null value. For example, if you change
from a Single to an Integer field size, fractional values will be rounded to the nearest
whole number and values greater than 32,767 or less than 32,768 will result in null
fields.

You can't undo changes to data that result from a change to the FieldSize property after
saving those changes in table Design view.

Tip You can use the Currency data type if you plan to perform many calculations on a
field that contains data with one to four decimal places. Single and Double data type
fields require floating-point calculation. Currency data type fields use a faster fixed-point
calculation.
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Using Spreadsheet (MS Excel) as Tool for Database
Management and Initial Data Processing

Introduction

Spreadsheets are commonly used for data entry because they are familiar, in
widespread use and very flexible. MS Excel is probably the simplest and most familiar
spreadsheet package to use for storage of data. It is a flexible package, which allows us
to manipulate our data easily. However, its very flexibility means that, if we do not use it
effectively, the end result is poor data entry and management. We need to apply a great
deal of rigor and discipline to ensure that this does not happen.

This document is to illustrate how MS Excel can be used effectively for data entry and
initial data processing.

We begin the next section with a simple example that shows some data that have been
poorly entered. This is followed by a general guideline for developing databases in MS
Excel. In section 3, we will present and discuss a Proto-type version of the Tonle Sap
Economic Valuation Database in MS Excel. In Section 4 we, we will illustrate how the
MS Excel version of the database was developed highlighting some features in Excel
that facilitate simple and reliable data entry. Specifically, using the Tonle Sap Economic
valuation questionnaire, we illustrate how to:

1. impose validation checks to accept only entries within a specified range, so that
typing data outside the minimum and maximum values is prohibited. This is to
ensure that the correct sort of information is being entered;

2. create input message and error alert dialog box. Input message is a message
that will pop-up if a cell is selected. It is very useful in giving details about a
variable and guide encoders to what entries should be entered in that particular
cell;

3. customize Error Alert messages to inform encoder that a wrong entry has been
entered.

4. create drop-down choice list which allows the encoder to select an entry from an
list of choices provided.

5. format columns and many more..

In section 5, we will illustrate how to do basic data operation using MS Excel.
Specifically, we will illustrate how to extract a subset of a data using the Filter; how to
merge data files using Viookup function; how to categorize records data points using
the IF functions and how to aggregate data using Pivot Table.

In Section 6, we will illustrate how to generate cross tabulations using the pivot table tool
of MS Excel. Finally, we give our conclusions about the use of Excel for statistical work.
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An Example

Below is a screen shot of a spreadsheet that resembles a poorly entered data set which
was done in Excel. This is a simple set of data that can be entered very effectively in a
spreadsheet.

__A B j ¢ ..o __ __E_ | F
1 Fingerling Stockang Information
| 2 __.Spcies  __ Quentty Average  Sourceof __ Total _
3 code stocked size Fingering  Cost
4 (number) (cm) code (Riel)
5 HH.NO  SPECES QryY SIZE SOURCE CosT
6 1 1 2000 1000
L Geensp o
8 1 3 10000 0
v _ 2 2 0T
11 2 5 3000
12 3 1 5000 35
13 3 6 5800 28

14
15

The data were entered by a data encoder, who - as instructed - typed what was written
on the recording sheet in the field. However, this has led to errors (ringed cells). For
example, “Giant snake head” should be replaced by its numeric code like the rest of the
entries under SPECIES. In the first place, this will not happen if data validation had been
set. The entry 5 pieces/kg under SIZE should be converted to centimeter without writing
the unit. The Entry “400 Riel” under COST is another. The mixing lower and upper case
for non-numeric entries is also an error. Such entries will cause problems during
processing and when the data are transferred to a statistical package for further
analysis.

Most of these errors can be avoided if some thought is given to the layout of the data in
the spreadsheet. This guide attempts to show how to avoid these problems.

Guidelines for data entry in Excel

Below are some important points to remember when designing a data entry system in
Excel.

» Don't mix numeric and alpha numeric entries for a particular variable. Avoid using
alpha numeric/text values/or non-numerical values as variable type. If the use of
alpha numeric is unavoidable, use drop down list to avoid wrong spellings. Note
that MS Excel and most statistical software are sensitive to lower and upper
cases of data values. Thus, the data values “Hatchery” and “hatchery” are
considered different values.

Training Workshop on Resource Economics and Research Methods for the Officers of 2
IFReDI, DOF, Ministry of Agriculture, Fisheries and Forestry, Royal Government of
Cambodia
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¢ Measurement of numeric values must be uniform in all samples. If respondents
gave different units, you may have entries with different unit provided that the you
create another variable for the unit or the conversion rate.

¢ Do not enter the measurement and unit in one variable. If units are uniform, then
the name of the unit as an entry is negligible.

¢ No calculation or conversions by hand. The raw data should be entered directly
into the spreadsheets.

Tonle Sap Economic Evaluation Database- A Proto-type in MS Excel

For demonstration purposes, we built a proto-type workbook database version of Tonle
Sap Economic Valuation database using MS Excel (Proto Type Tonle Sap Database in
Excel.XLS). Our purpose is to emphasize the effective use of the software, thus we only
included three tables (Master Table 1, Tab2 item 8 Income and Tab8 item 40 fish
catch). Each table is stored in a separate worksheet.
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This is actually a Workbook where a Table is placed in one Worksheet. The workbook
becomes a database. Though it only provides minimal data entry forms, the validation
checks, input and error messages proved to be very effective and ensure that the correct
information is being entered. Its drop-down list feature allows the user to select entries
from a specified choice list. This is superimposed by the variable Sources (of income)
in the figure above under worksheet Tab2 it8 Income. As will be discussed in more
detail data validation, supplying input and error messages can be done using the
Validation option of the Data menu.

Training Workshop on Resource Economics and Research Methods for the Officers of 3
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However, It has no capability for disallowing double entry. An encoder might mistakenly
enter one record twice. Another limitation of this database or (or any database
developed using MS Excel) is that it does not enforce entity or referential integrity.

The data validation dialog box for Sources
(of income), which include the input and
error messages.
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;j |8 Sartes of rcoew T
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Choar A3 l Chawr A3 l I o
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To facilitate easy data processing we utilized some built in function of MS Access. In the
original MS Access version of the database which was discussed in a separate
document, we found out that there were around 200 fish species reported being caught.

The Specgrp field in the Tab8 it8 Fish catch group these species into four (4)
categories. A cell comment is placed to the field that show which species belong to
which group. The whole process involves using the IF function to first generate the fields
Specgrp1 to Specgrp4. The field Specgrp is generated using the Max (maximum)
function and take the maximum value of Specgrp1 to Specgrp4 — the true species
category.

Also in Tab8 it8 Fish catch are the computed household-specific total fish catch for 281
households (out of 410 total households) who are engaged in fishing. This subset of
data is generated using Pivot table, which is accessible using the Data menu. Pivot
table is a powerful tool of MS access for generating cross tabulation. Pivot table is
discussed in more detail in the next section.

The database also contained two other Worksheets: The species 98 and merge.

Training Workshop on Resource Economics and Research Methods for the Officers of 4
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Species 98 worksheet is a subset of Tab8 it40 Fish catch and which as its name
contained catch and disposal information of only those 78 households catching species
98 (out of 281 fishing household; out of 410 total households). This is generated using
the Filters — a very simple mechanism (autofilter) for selecting data subsets. Autofilters
can be set up to choose specific values or a range of values. Several filters can be used,
each acting further on the current data subset. An advanced filter is provided for more
complicated selections.

Note the field “id” at column “A” of the worksheet. This serves as a single variable
unique identifier. Though the “hh_no" in this case can be used since each of its values
are unique. The id field is an example of creating a single variable primary key whose
values are the concatenated values of the original sets of primary keys (hh_no, province
and village type). This is done by using the formula hh_no*100 + province*10 +
vil_type. Such single variable primary key is needed in merging variables using the
Viookup function, which will be discussed next.

£1): The values of the field “id" can also be created using the Concatenate
@ function. However, the result of a concatenate function is text string, not
numeric.
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Finally, the “merge” worksheet as it name imply, contained merged data. Specifically, it
is a merge data on total fish catch (Totcatch) of the 281 fishing households and Catch
quantity of specie 98 (Catch98) of the 76 households (of the 281 fishing households)
who claimed of having caught the fish. Another way of looking at it is to match to fishing
household their catch for species 98.

The process involved using the Vlookup function. The Totcatch information, which was
generated using pivot table in Tab8 it8 Fish Catch worksheet, was copied in this
worksheet and was used as the base file. The values of Catch98 field is lookup from
Species 98 worksheet using id field (A2 in formula bar) as the matching field (common
to both data. The figure below illustrates how the Vlookup function works. At Cell F4 of
the merge worksheet is, we write the formula: =Vlookup(A4, Species 98 A:L, 6, False).

This means put in this cell (F4, the value which can be found in the 6" column (column
F) in the range A:L of Species 98 worksheet with corresponding First column value
equal to 312 (A4 in merge worksheet). The value “#N/A” was found in cells F3, F6, F7
with corresponding id 212, 812 and 912, respectively, due to these ids are not found in
the Species 98 worksheet.
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=Vlookup(A4, Species 98 A:L, 6, False)

A ! B C D E F ¢
i1 idthh_no province wil_type Species Caught Sc
2 1 1 2 88 15
3 @ 3 1 2 38 1
—) 4 ‘ 3 T 2 98 5
5 1012 10 1 2 98 6
. 812 550 #NA (6 m2. 11 2 % 8
912 50 #NA (7 212 20 1 2 88 1
2 28 8 312 3 1 2 98 2
100 9 481 ] 1 0
b - 4
| - = 5
J,-ﬁ : B 94 3
1 13 6111 B 1 1 98 5

Vlookup from the Help menu of Excel

VLOOKUP

Searches for a value in the leftmost column of a table, and then returns a
value in the same row from a column you specify in the table. Use VLOOKUP
instead of HLOOKUP when your comparison values are located in a column
to the left of the data you want to find.

Syntax
VLOOKUP(lookup_value,table_array,col_index_num,range_lookup)

Lookup_value is the value to be found in the first column of the array.
Table_array is the table of information in which data is looked up. Use a
reference to a range or a range name, such as Database or List.

Col_index_num is the column number in table_array from which the
matching value must be returned.

Range_lookup is a logical value that specifies whether you want VLOOKUP
to find an exact match or an approximate match. If TRUE or omitted, an
approximate match is returned. In other words, if an exact match is not found,
the next largest value that is less than lookup_value is returned. If FALSE,

VLOOKUP will find an exact match. If one is not found, the error value #N/A is
returned.
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At far right columns of the merge worksheet are four summary tables.

K} Be Edt Yow buat Fymat Took Dsm Wndow beb =181x|
GCH R SBW - £ 100% vH * MSSoese? W +BII EBIFEH X, BAERE -S-A-,
M4 ~] -
H 1 J K L M] N O P Q@ R ST

1 CCatch®8 =
2 15 Haousehald Distribution by Province ~ Hauseheld Distribution by Province ‘

3 Count of [Countof province__[vil type ]
| 4| 1 rovines vlVatal v 1 2 3]Grand Total

5 5 1 135 1 S0 8 @ 135

6 2 140 2 4% a & 140

7 3 135 3] 45 45 4 135

K] 6 Grand Total 410]  [Grand Tota) | 141 135134 410

9 28

10 % cfFishing % cfFiskingHH  Fish Catch by Provincs

1n Household  catohing Fish8 |proviaca_v|

12 Dan - 1 2 3[Grand Toal

3 1 7259 4388  |Average of CTotcatch 4810 11512 5396 222

1 1 2 66.43 1613 |Average of CCatchds 714 2183 935 108

15 3 6593 19.10

16 Numbar of Housshaold

7 iace v|

18 Ioua - 1 2 3[Grand Total

19 Count of CTotcatch 98 93 280

2 Count of CCatch98 43 15 17 75
a

2 2

z

24

b

26

" -Ej XSO

The tables Household distribution by province, Fish catch by province, Number of
Fishing Households are all one-way tables while the Household Distribution by
Province by Village type is a two-way table. All these tables were generated using the
Pivot Table, which is accessible under the Data menu. Pivot table is one of the most
powerful tools of MS Excel, even more powerful than the cross tabulation features of the
major statistical software. The tables can be modified interactively to do any of the
following:

(1) add or delete other variables

(2) add/change summary statistics (minimum, Maximum, Standard Deviation,
Variance) and percentages

(3) change the level of the cross tabulation table (two-dimension, three-
dimension) and orientation

All these can be done under the Wizard-Layout dialog box of the Pivot Table:
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PivotTable and PivotChart Wizard - Layout

e L O £
L Q;E Construtt your PivotTable by dragging
c the field buttens on the right to the
diagram on the left.

i
b

[eace ]

ROW

In this layout, the field names appear as a set of buttons on the right. Pay particular
attention to the Row, Column and Data Sections of the layout. Under row, field province
is used. Under Data, Totcatch and Catch98 fields are used. To specify what fields will
be used to which section, simply drag and drop the fields one after another to the section
where you want them to be. Note that the fields used under Row and Column are
normally categorical variables. Using measurement variables in these sections will
produce a large table of nonsense. The fields under the Data section are the variables
you want to summarize. These fields are normally numeric variables.

The layout above will produce the Fish Catch by Province table above. It is worth
mentioning in this stage that if you updated data after you have set up your pivot table,
just click on the Refresh data button to update your table.

PivotTable - ¥ il (3 == ©2 ! @

id hh_no province vil_type Totcatch <4
Catch9s CTotcat... CCatchss
A 4

In the next section, we will discuss in detail how to construct pivot tables including

changing layout to produce two and three dimension tables and change the summary
statistics.
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Adjacent to the Pivot Tables are formatted Tables.

3 )sicroscft Escel - Tonle Sap Econcmic valuation Database MS Excel Version [;:IID?B
Doe et pow peot Fmt Tk D Wrow B =leIX]
CEHR i@ < £/100%0 WD * MSSreSef 0 v BZIESEBH 8%, 48 R - -84,
A I O _
N Q. P R [ T U vV | w X =
1 =
2 Housshold Distribution !szhnaRmm ho!d Distribution by Province by Village typs
3 _Count of province vil > rovince Village type
4 province | 1 2 31Grand Total Province 1 2 8 Alltype
5 1 50 43 42 135 1 50 43 42 135
6 | 2 46 a7 4 140 2 a7l 47 140
7 3 45 45 45 135 3 45 45 45 135
8 Grand Total 141 135 134 410 Al Province 141 135 134 410
9
10 Fish Cateh by Province Figh Catch by Province
11 h98 province v| Province
12 Data v 1 2 3|Grand Total 1 2 3 Al provine
13 Average of CTatcatch 48.10 115.12 5396 n»2 Tomwl Fish Catch 48.10 115.12 5396 222
14 Average of CCatch98 734 2183 935 106 Species 98 7.4 2183 935 1060
15
_16__Number of Fishing Housshald Number of Fishing Household
” rovince_v| Province All proving
18 Data - 1 2 3|Grand Total 1 2 3 Grand Total
19 Count of CTotcatch 98 [:<] 89 280 Total Fish Catich a8 <] 89 280
20 Count of CCatch98 43 15 17 75 Species 98 43 15 17 75

21

Formatted Tables are copies of the Pivot Tables. They are created since labels of Pivot
Tables cannot be formatted. For example, you may want to change the word “Average
of Ccatch98” to the actual name of the fish (say Giant catfish). Note that the values
under the formatted (copy) table are equate/linked to the corresponding cell of the
original pivot table. Linking will automatically update the figures in the formatted table
every time you update your Pivot table using the Refresh command button.
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Building theTonle Sap Economic Database using Excel
In this section we will reconstruct the database for illustration and better understanding.

Setting a Validation Rule, Input and Error Alert messages on a Variable

We first illustrate how to enforce validation checks, create input and error messages in
MS Excel. Data validation,
input and error messages
can be accessed and
done using the Data Menu
of Excel. To save time, we

will assume that the €
variables were already district
created.

As an illustration, we will
impose validation check
on variable Gender (item
8) which will take values
“1” if Male and “2" if
Female. If encoder will
mistakenly enter values
other than these values
(say “3"), an Error alert
box will pop-up. We will
also create Input
message showing the
details of the variable (from what item number in questionnaire and the possible values it
take).

e Entry must be okther 1" for Male or °Z” for female.

L] e |

Setting a Validation Rule

1. Highlight the column of the Variable (GENDER) by clicking on its column letter
0.

- e ( X L:,l m u ravorges > Yo - m S QUITILEN ( W ET SOP) WUIRS ) U GG . XD -
1 K4 = ‘gender - B - 4
A B 3 D E___F.__ 6 H J

%hh_no ~hh_head  village  commune  district  province  vil_type age_hh [gender jethnicty
. ‘ [
3 |

2. Click on Data menu, choose Validation... - a Data Validation dialog box will
appear:
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JE) He Edz View Insert Fgmat Jools Data Window Help

DEEd GRY &b Hwer.
Eiter

L i @ 00 - @)

| ariad +10 - B Z ——
_|¢- dieﬁiﬁQmeﬁ
[0 ~| = ‘gender

A B - C
1 hhno  hh_head village ¢
2
3
4
5
6]

e Note: There are three
tabs in a Data
V Validation dialog
box. Settings allows
you to set validation
rule/criteria. Input message

allows you to write the
message about the cell or in
general the variable and Error Vaidation arizaria - -
Alert allows you to the write Blow:
message once validation rule Any vekue
is not met (wrong entry). A
Deamal
Lect
Date
3. Under Validation Yo longth
Criteria on the Custem
Settings tab, click on
the list arrow attached r.o.- . e e .
to Allow: and Click on
the option Whole
number from the list _Geua | [(x ] _cna |
provided.

4. Further settings appear: type in
a Minimum: of “1” (if male) and
a Maximum: of “2” if Female

_ Note: You have to set up
V maximum/minimum values -

Excel doesn't allow you to
leave these blank. These need not be
fixed values, as here, but could be
references to other cells.

Data Validation

Settings | tnout Message | Ermor alert |
Vaidation eriteria
alow:
[Whole ramber =]
Data:
fbetween =
Mnimym:
I 3]
Maxyrasm;

B 3l

I~ 2p2dy these thanges to of other Celis vath the same settngs

Cear st | oK Carcol |
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Setting the Input message

5. Click on the Input Message —
tab of the Data validation Data Validation
dialog box. Type “Il. 2. Sex” Settings  nout Message | Emvor Alert |
under Title.
W Show input mes coll is solecbed
6. Under Input message:, type: When cellis selscted, dow this input message: - . . __
“1 - Male Thie:
. 0.2 5x
2 - Female Jrok messoge:
1- Moo
2 - Female
Qe al | [T ] e |

Customizing the Error Alert message

At this point, you can actually close the Data Validation diaiog box without completing
the Error Alert tab. Once the Validation Criteria is set, the Error alert message will be
automatically activated. However, the warning message will not very helpful as it stands.
It tells you there is an error but doesn't tell you what you need to type. You can
customize the message as follows:

7. Click on the Error Alert

tab of the Data validation (YRR 2)%]
dialog box. | |
Setbings Messsge  Error Alaet
8. Type “Error” under Title. res
¥ Show errcr alert after invaid
9. Under Error message:, When user enters invald data, show this error slert: . ___
type: “Entry must be either Sye: De:
“1” if male or “2” if female. [eop <] o
10. Close the dialog box by Crror mossage: ____
clicking on Ok command 6 Frcry must be ekher ™1 for Male or 2" for
button.
«i:.  Note that Excel provides
@ three levels of warning:
Stop forces the user to Qe Al | T ] coxn
retry until valid data is |

entered; Warning allows the user to enter invalid data if they insist; Information readily
accepts invalid data.
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Setting Drop-down Choice List
So far you have only looked at categorical, indeed whole number, validation. You can

similarly check for
interval and numbers
with decimal points.
Other possibilities
are dates/times and
text up to a certain
number of
characters. Another
option allows data
entry from a fixed list
of values (numeric or
non-numeric). We
will illustrate next
how to create drop
down choice list. We

List arrow
o :] -
<_. A . B C 1] | éu/ F G
2 hh province vil_type Sources In
} [ - 13
g_ . 21 18 Sawces of income
¥ the drop Sown
2% Drop down choc 15 buton o seect
‘25 . anentry..
% Choice list Bantes a0 Cane wrks
4 v
a8
2

Input
message

will use sources of income as our example. The figure below will set as our target output.

The list of possible sources of income is written in rows 1 to 20, which are hidden. The
variable names are written in row number 20. The step in creating this is as follows:

1. List down the possible sources of income above the their variable name
(Sources). Each row corresponds to a source.

A B ¢

§
- X 1
°¢lﬂ) snmm‘b W!Ji-h

2

b
~

20 tn_No provnce wi_type Sources

b3
2

23

'Fnsnng

D E 1|

Fish processing
Fish traging
Fish cuture
Net/gear makeng
Bamboo ang cane works
Farming

Daily labor
Housekeeding
Shop/smal busingss
GovemmenYprivate job
Motor taxenging boat anvng [
Mgney lending

fual wood cotection
Livestock raising
Crocoaik cuture

e _

'

Incocme

2. Highlight the whole column where the variable Sources is written by clicking on
the column D then open the Data Validation dialog box clicking the validation
option under Data menu (step 1 and 2 above).
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3. Under Validation Criteria on the
Settings tab click on the list
arrow attached to Allow: and
Click on the option List from the
list provided.

4. Click on the list arrow attached
to Source to specify the source of
the choice list.

5. Highlight the list of the possible
sources of income (D1:D17) then

Data Validation [2”2(_';

Settigs | trout Message | Error et |
vaidation arieris

hit the Enter key. ~
Whms Data Validation (2i%) o [Tox ] caxa |
Figh processing
Fish trading
Fish cuture F: i
Net/gaar making Fish processing
Bamsbco :‘nd cana works :::m secorgs | trous Mactage | e it |
j2amb s e
Daiy lsbor Regaes makrrg o
JHousokesping fus | P tnore Gark
Shep/small business Onta: F iprcad droomn
i Govemmentprivate job - —
Mator taxi/enging boat driving Sarm:
Monay lending [es0t1:507 3]
fuel wood collection
\Livastock raiging
Crocodila culture
[9'"1!' .................. ; | e
_Qwa | I
l&am' Sis TSI BT e
6. Click the Input message tab and Datas Vatidation 72X
fillin the necessary input message socrs | s Mestoge  Emor i |
and title: S
7. Click the Error Alert tab and fill in “':‘;"“"""“‘:’“““** e
the necessary input message and o ] oo

title:

8. Click on OK command button to
close the Data Validation dialog
box.

e Note: Validations are made on
WA data entry and not on calculated

values. Validation can be set on the

cells used in the calculation.

Sometimes, use has to be made of the OR or
AND function. These offer alternative/joint
tests respectively. Such type of validation can

be done using the Custom option under
Validation criteria.

] e

P —
¥

P Sowres oo is solacted
When col is selected, show this nOuL MESEAQ0: - - - — = -~ —— -~

[8. Sousces of income

frok message:
You may use tho drop down chowo kst ttton Lo soloct an antry..

g | [T ] cmn |
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Deleting validation rule and input and error alert messages

You can also delete (or copy) validation rules and input and error alert messages.
For illustration, we will delete the validation rules including the input and error alert
messages of cells D1:D20.

1. Highlight cells Franng Data Valid

D1:D20. E:::WH & Sources ol incod - sttrcs | ot Mesan (Error &ert] |
2. Access the Data  ugew minf mewr. | & 3o st ki chasiwed
Validation dialog E;m wa ey i) iy '
box by clicking a.-u bbor [x= =] [
on Validation S tra e
under the Data Govemmentiprivatejob e i
Menu. Mgty
h fuel wood collection
3. Click on the ok reeky
Clear All .
command button Qe | [ ] coxa
in found in the i-u.c.-.*_____._n’ﬁ_k
Data Validation
dialog box.
Hiding rows/columns
1. To make the worksheet neat, you might @ ze cx vew imer fomx o0 ows wooow o0
opt not to display the list of possible DAl @R Fw. am [o. .
sources of income. This can be done - th'Em“
by hiding Rows 1 to 19. The following ~-- 0B A& 3
steps below illustrate how to do this - = — i
task. E¥ ) Fihng
| 2 | Fish processing
2. Highlight the row you want to hide (1to 3~ i
1 g)- E Net/gear making
L6} Bamboo and cane works
3. Under the Format menu, select Row L Faming
then Hide. odssieatiia

Shop/small business
Government/prvate job
Mateor taxvengina boat dmang
Maney lending

fusl wooa collection
Livestack raising

Cracadile culture

Other

SJEle Rl

hh_No  province wil_type Sources

[:iiHii‘.‘
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Formatting a cell/Column

MS Excel allows you to format a number (e.g. how many decimal places) or date/time
(e.g. to display the month as August or Aug or /08/). Formatting makes a worksheet neat
and more organized. With formatted values of a variable, it is easy to detect mistakes (if
any). By applying a format you do not alter the contents of the cell in any way - just how
it is displayed.

As an illustration, we will format the possible values of income variable in such a way
that it will be an integer (no decimals) and use a comma (,) separator for values greater
than or equal to 1,000. The steps below illustrate how it is done.

1. Highlight the column of the Variable (Income) by clicking on its column letter (E).
2. Under the Format menu, select Cells...

@) Fle £k Vew Jnsert Fgrmat Iooks Dats Window Mep
CeE &0 & ws. vl |- QT AL B

A format cells dialog box will
appear.

Farmat r.s

N | Adgment | Font | Border | Patterns | Protection |

Category: Sarrplo
Incoms
3. Make sure that you are @ X : ,
at Number tab. Click on sccorerg -» places: _j:o )
Teme < [~3 1000

the list arrow attached to

Category. Click on the ] R
option Number from the . l?::*“‘ ) -
list provided. Spood TR s ~
4. Set “0" for Decimal
places. | Cltr socsond Fomarere) o ey b, Y 4 Acemnerd

5. Tick the Use 1000
Separator (,)

6. Click on OK command o
button to close the dialog box.

o ] _cmea |
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Selecting data subsets using Filter

MS Excel provides a very simple mechanism (AutoFilter) for selecting data subsets.
AutoFilters can be set up to checose specific values or a range of values. Several filters
can be used, each acting further on the current data subset. An Advanced Filter is
provided for more complicated selections.

In this section we will discuss in detail how to select subsets of data using Filter. Lets
focus our attention on Species 98 which is a result of Filter containing only the
household who reported having caught Species 98. This set of data is thus a subset of
Fish catch data under Tbl8 it40 Fish Catch worksheet.

... ltis important to note here that not all households catch a specific species
¥1E  (say fish 98) as not all households in the data are fishing households.

The following steps illustrate how this is done.

1. Under the Tbi8 it40 Fish Catch worksheet, click on Data menu then click on

Ellter fOllowed £3 Microsoft Excel - Tonle Sap Economic valuation Database MS Excel Version

by AutoFilter  "E)ge gat yew Jmet Formar Toos Dats wincow b
8 R s - 4 100w Sot.

A1l :J Tt AL it
. A_| B c_Fom. prey—
| 1 [bh no lprovince  vil_type  Vadawon.. Advanced Fiter...
2. [roxecd 1 o T
3 ooor 1 PvetTable and PvotChart Report... 0
4 1 GetExternal Data ’ 0
—_5—- 1 1 $ s T s
2 ! ! 3 0

Fifter arrows are now attached to the to each filed names.

2. Click on the filter arrow attached to Species
(D1) and choose 98.

F3 Microsoft Lucet

- d b wd mh ad b b wh mb mh mb b b s

fajslzials]]elele|~elefslols]-
DA BWWWN = oot ot
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You now only have the
data rows whose sPecies £3 Microsoft Excel - Tonle Sap Economic valuation Database #MS Excel Ver

matches “98". Note the |8} e Edt Yew Insert Format Tools Data Window Hep
row numberingdownthe |G@R|s @B -|s'100% v @ |MSSanssen v 10 v
left hand side of the A1l -] [ 'hh_no
screen, which has turned A B c D ' E F
blue, as has the filter 1 _|hh_no_~|province w|vil_type v|[Species v[Caught v[Sald v[Cor
arrow attached to Species [ 4 [romeron 1 2 8 15 0
(D1). These changes % Number : g g : ; g
indicate that a filter is in 26 10 1 2 o8 6 0
operation. There are 76 32 11 1 2T e T T8 T
number of filtered records. [Ba_ 20 1 2 98 1 0
101 32 1 2 98 2 0
123 48 1 1 98 30 0
Click on the filter arrow 149 52 1 1 S8 L L
attached to Species field 112 32 : ; o 2 :
and choose (All). But 201 61 1 1 o8 5 3
before redisplaying all the [2g8 62 1 1 o8 2 0
data, copy the filtered data (238 65 R 1 98 5 4
into a blank sheet and §5£1 2 : 1 g 7: 23
gesr;ame it (say species =5 A ) : o ] ]
* IR 71 1 1 an A A
1% This is a very simple filter operation involving only one criteria. You can also

s filter subset of data base several criteria using the AdvanceFilter option.

Aggregating data using Pivot Table

The three different tables in this database are of different “levels”. The Master Table is
household level. The Tbi2_it8_lncome is income “level” and the Tbi8_it40_Fish Catch
is species level.

Of interest maybe is to aggregate species level data to produce a household level data
containing household total catch, total fish consumed, total fish sold, etc. Then match
this aggregated data to the households who catch fish coded 98. This is exactly what is
contained in merge worksheet. In this section, we will illustrate how the aggregation was
done using Pivot table. Here pivot Table is used to organize data. Matching the
resulting aggregated data to the 76 filtered household who catch species 98 is illustrated
in the next section.
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and Initial Data Processin _[Sum ofCauahi -
hh_no »|arovinc wlvil type_w|Total |

Basically, we will generate a household level total , i
catch for those fishing households, which will look like 3 1 9{ -
the screen shot figure below which can be found in > =
Tbl8_it40_Fish Catch worksheet. 1 g
1 1
_ 1 100]
1 4
1 1
18{ 3
o I
The following steps illustrate this job: ‘ools | pata Window Help
1. Under Tbl8_it40_Fish Catch worksheet, 1 2 . ’
click on Data menu then Chose Pivot A
Table... 8¢ yardaton...

2. Step 1 of the Pivot Table Wizard
dialog box appears. Click on the
Next> command button to go to
Step 2.

Where is the data that you want o use?

Range: [Tab8_it40_fish catch'$A:$P A arowse... | o [ ] _ow |

@I Cancel < Back Next > Finish l

3. Step 2 of the Pivot
Table Wizard dialog
box ask you to
specify the range of the data you want to use. Click the arrow attached to
Range:, then specify the range by highlighting after which hit the Return (press

Enter) key then
click on Next> PivotTable and PivetChart Wizard - Step 3 of 3
command button.
4, The 3" and final :
step dialog box of j Whora do youwant to a tho PivatTabie?
Pivot Table appear :“’“ .
asking you where ‘ T
B NG CckRaishto crosto your PotTable.
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to put the Pivot Table.
If you click on the Layout command, a

Pivot Lebbe and VivsiGharl Wizard [ gyout

Wizard Layout dialog box will appear as o yor sty S
shown earlier. ey iy
) [Corasna]
— s el
-
| ZIG T ICE g mera I aow -
D L OWIPR F S Pl @
o
o
2 s | cew |
E3
o | Drop Data ltems Here
2 If you click on the Einish command, a
z — skeleton Pivot table is drawn and Pivot
2 Table toolbar and Field List appears.
[ BN S TS i ey
[Mhso_Ipravince_v]vi_type v ST
—
5. For the sake of illustration,
click on the Finish command Drop Data Items Here
button to use the skeleton
Pivot table.
6. Drag and drop hh_no,
province and vil_type fields
to the Row (Drop Row Fields ovorTiie- S@BD 2§ O
Here) section of the skeleton Mo povn. vy, S Cagx +
one after another after which S g oo WP e
drag and drop Caught field T T Tew Bews PO

under Data (Drop Data Section Here) section.

As soon as you drop the Caught field, the skeleton will transform to the Pivot Table
shown below. Note that what is shown is

the Count or the number of species Count of ¢
caught by each of the fishing hh_no_~ drovince vlvil_type v|Total
households. Note also that there are 1 1 2l 6
unnecessary rows total in the table. The ) = Total g
next step is change the count statistics to —> 1 21
SUM and hide the row totals. 1 Tetal 1
2 Total 1
3 1] 2l 3
1 Total 3
3 Total 3
6 1] 2] 7
1 Total 7
{6 Total 7
I Rl 11 > R
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Changing summary stat in a Pivot table ) [Count afd
7. Right click on the Count of Caught buttoninthe - {bh= g Eormat Cels...
top-most portion of the Table. A drop down menu Format Report.
will appear. -+ PivotChart
8. Select Field Settings... T Hgde
9. A PivotTable of dialog box of the Caught Field | (3 weard...
appears. Select on Sum under Summarize by: |27t pefresh Data
| Select »
PivotTable Field (?)X 3Tt Group and Qutine »
— Formulas >
E | Order >
Cancel |
Hide I

The Count of Caught button changes to Sum of Caught.

Hiding Row/Column total

The next step is hide the Row Totals.
10. Right click one

Sum afCa |
of the Total hh_no w|provine wlvil yme w|Total
under 1 1 2] 77
. %
Province * TTol 7
heading. el 2
1Towml  SumofCa
11. A drop-down fTowl _ [thto wiprowne wivi tpe wiTow)
menu appears. e = 7
Click on Hide.
All the Row Total
under Province
disappears. Do the

same step on the
Row Total under
hh_no.

B e 3] 556
- § Rofresh Dats
[ 50
Gelact . 2] S0
50
and Outiino »
2 L
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Using Spreadsheet (MS Excel) as Tool for Database Management
and Initial Data Processing

Merging variables using the Vliookup Function

In the previous sections, we illustrated how to aggregate species level data to come up
with household level of the 218 fishing households using Pivot Table. Earlier, we also

illustrate how to extract all the 76 households catching species 98 using Filter. This
subset of data is saved in worksheet species98. In this section we will illustrate how to
merge the 218 aggregate data of fishing households and the subset of 76 households

who catch species 98, in such a way that the catch for species 98 (catch98) of a

particular household will correspond to the same household in the merge file (e.g. same
households will go to same row). We now again show the resulting merged data, which

is actually the merge worksheet in our database.

F ticrosoft Excel - Tonle Sap Economic valuation Database /S E-cel Versio,

@E&@tmtmfgmx:oasumww

CTotcatch CCatcho8

n 15 Distributioa by Provincs
20 Count of pravincs
9 1 w{Tatal
68 5 1 135
' 550 2 140
: 50 50 3 135
B 29 -] [ |Grand Total 410
101212 12 1 2 4 MA 4 % of Fishing % of Fishing HH
n 1812 18 1 2 21 MVA 1 Household  catching Fish 88
12 1812 18 1 2 13 MVA 13
13 1912 19 1 2 11 WA 1 1 7259 4388
14 2012 20 1 2 18 1 18 1 2 6643 16.13
15 2112 21 1 2 21 MA 21 3 6593 19.10
16 2312 23 1 2 40 MA 40
17 2412 24 1 2 12 WA 12
18 27112 27 1 2 157 MA 157
19 281 28 1 1 26 MVA 26
20 3I0M 0 1 1 60 MNA 60
21 3112 3 1 2 30 MA 30
2 3212 32 1 2 8 2 8 2
23 3812 38 1 2 19 #NA 19
! 24 4212 42 1 2 15 MA 15
;25 4912 43 1 2 k) 35
l2s asm a5 1 1 2 x .
M4 M ] sheeet [ TebB %0 _fish comch  { speces %6 \merge / : KI——— Un
NM

K Y3 L

PSR * S S 30 B § [ B TR e

Initial step: First organize the data

1. Copy and Paste special=> values
the entire table into another

worksheet (say merge).

2. Delete the first few unnecessary rows
leaving the column headings in
Row1.

I~ Skp bjanis
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Using Spreadsheet (MS Excel) as Tool for Database Management
and Initial Data Processing

WOEE LA @ WA T S NN B W g P e e
<[ e 583 00eC3 oD
B E

3. Supply single field primary key (id) in
column A and type “=b2*100 + ¢2*10 + d2 in

0
O

hh_no

i
4
|

" vy 2 M

cell A2". soa %

4. Copy A2 to the rest of the cells in column A. g ”i“ = E - %
5. Rename Total (Column E heading) to w2 ®
TotCatch 2 v 2

18 1 2 1

18 1 2 13

19 1 2 n

= 1 i o»

Now you are ready to do Vlookup:

The task remaining here is to lookup (copy) the values of catch of species 98 in column
F. Using Vlocokup function, this can be accomplished by setting-up the formula
=Vlookup(A2, ,6, False) in cell F2 and copy F2 in the remaining cells of column F. For
illustration, this can be done efficiently following
the steps below:

1. Type the heading Catch98 in cell F1.

- <
2. Set cell F2 as the active cell by clicking =viookUp(A2,
on it. c 3] E F__|
3. Inthe formula bar, type =vlookup(A2,  "°, vil_type 0 Tmam.,",gri.—im
1 2 20

4. Supply the table array by switching to
species98 worksheet and highlight the columns A to L. Note the formula in the

formula bar updates

correspondingly. R L st
5. Type “,” (comma) followed by woowat] ~[x v = =viookup{A2 'species S8'AL 6.Faise]
“6" “,” “False” then “)". i A__B c___0 E__f_G6_H
id hh_no province vil_type Species Caught Sold Consumd
2 mz 1 1 2 98 15 0 ¢
6. Press Enter key. 3 a2 3 > > e 1 o :
__ Namosx| B c D E F__|
1d hh_no  province vil_type TotCatch Catchd8 7. Copy F2, to the rest of
2 112 1 1 o2 77 15 the cells in column F.
3] 2w 2 1 2 20
4 312 3 1 2 9
5 612 6 1 2 368 TR ————
) & ag CuleX
Note that for those fishing households who do not catch Species 98, ®cwy  cumsc
the values are “#N/A". Such values will create problem during "% aste Cutey
Paste Specid...

analysis so you must get rid of them. Deleting them one by one is a
solution but its not efficient. Duplicate the fields TotCatch and
Catch98. Use Copy=>Paste Special®»Values to copy the columns.

Then Used Edit colace s
JReplacedReplac flkid (21X
e All to replace Figd what:

“#N/As” with missing | /™ Ceranex |

Replace with:
values. I Close |

Saarch: |ByRows ,Il_Man:hgasa M
I~ Find entire cails only Repiace all l
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Using Spreadsheet (MS Excel) as Tool for Database Management
and Initial Data Processing

Pivot Tables to Summarize information

In the previous section, we illustrated the use of PivotTable to aggregate data with the
aid of skeleton pivot table. In this section we will illustrate the use of PivotTable to do
cross tabulation/summarize information. For comparison, we will be making use of
Layout Wizard. We will show how to produce multiple tables in the same sheet by just
simply copying another table and medify to present the desired data.

One-WayTable: Household Distribution by Province
First, let's redo the first Table “Household Distribution

Household Distribution by Provin
by Province”. Note that the table used a household level Caunt of pro = =
data in Master Table worksheet. ce : Tomd =

2 140
3 135
Under the merge worksheet, launch layout wizard by: Grand Total 410

1. Clicking on Data menu followed by
PivotTable...

2. When ask on the location of the data
to use, switch to Master Table
worksheet and highlight the range
accordingly.

PivotTable and PivotChart Wizard - Step 2 of 3

(2%

Whoro 5 the data that you want to use?

3. Click on Next> command
button to go to Step 3 of
the PivotTable Wizard.

4. Choose Existing

worksheet and specify a

blank cell (J3) in Merge € tow wortshoat
worksheet. @ gustng worksnest
[

5. Click on Layout...
command button.

The layout wizard appears.

6. Drag and drop Province B v £
button under Row section | | § gr% o ek b o ri s 90
of the Layout. o T dogamen
7. Again, drag and drop [vinge]
Province button under =] T %}
Data section of the layout. e P (e | (o)
The button will change to Count won oxra Fommad
of Province signifying frequency. v )
In the next section we will show
how to modify summary statistics
under layout wizard. " — v

8. Click on OK command
button.

Wharo do you want m put tho PvotTablo?

Clck Fnsh ©© 0'eat your PvotTablo.
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IFReDI, DOF, Ministry of Agriculture, Fisheries

Cambaodia

and Forestry, Royal Government of

23 February - 03 March 2004



Using Spreadsheet (MS Excel) as Tool for Database Management
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Two-Way Table: Household Distribution by Province by Village type
In this section, we will illustrate how to  Househald Distribution by Provinca by Village typs

modify a table by adding one Countof province 2 _
dimension. Specifically, we will redo [ —S 22 SGendlate
the table Household Distribution by 2 46 47 47 140
Province by Village Type by copying 3 45 45 45 135
and modifying the first table- Grand Toral =T, 410]
Household Distribution by Province table.
Household Distribution by Province
o . Count of proy
1. Copy by highlighting and paste Household rovince v |Total
Distribution by Province Table to a blank area ,:, ::
(say cell N2) in the worksheet. 3 125
Grand Tatal 410

2. Launch the Layout Wizard by right-clicking
anywhere on the copied table, or click on the Pivot

table Toolbar. A pull down menu appears. Click on e . & —
Wizard... [BotTable- 1 8 (8
Hausehaold Uistnbution by Frovii E?a
Count of pro -
H - I T ntnl
e & Format Cels...
T # FormatReport..
PivotChart
Grand Tol Hide
Step 3 dialog box of the Pivot
Table Wizard will popup.

3. Click on Layout... command
button to go to Layout wizard.

4. Drag and drop vil_type to
COLUMN section of the layout.

5. Click on OK command button.

|rovece |
or _|CE_cro |

Training Workshop on Resource Economics and Research Methods for the Officers of26
IFReDI, DOF, Ministry of Agricuiture, Fisheries and Forestry, Royal Government of
Cambodia

23 February - 03 March 2004
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Table of averages
In this section we will illustrate how

o Fish Catch by Provincs
to change summary statistics ofa orovinoe v
given table using the Layout Dam > 1 2 3[Grand Total |
Wizard. Specifically, we will show Averngecf Clotcatch | 46.10.__115.12 _5396] 722
Averags of CCatchd8 714 2193 035 106

how table Fish Catch by Province
was created.

1.

ll - PivotTable

Copy by highlighting and paste Household Distribution by [pvorrae- |# @ & |
Province table to a blank area (say cell J14).

2. Launch the Layout Wizard by RIGHT clicking anywhere on [ =
the copied table. A pull down menu appears. Click on i_ ¢ RefreshDama
Wizard.

Step 3 dialog box of the
PivotTable Wizard will popup.

3. Change the location of data
to be used by clicking on

Wharo do you want ( gt tho PhatTable? 1

<Back command button. e
The Step 2 dialog box of the R
PivotTable Wizard will popup. CikFnch © Tosd yar Prorfabh.
@ ot | opwrs. | cace | <ok | e T Enan |

4. Change the range
accordingly after which click on
Next> command button to go
back to Step 3 dialog box and
click on Layout command
button to launch the Layout
Wizard.

Drag and drop Province button
into the Row section and
CTotCatch and CCatch98 into
the Data section.

Note that the CTotCatch and
Catch98 button are changed to
Count of CTotCatch and CCatch98,
respectively.

6. Change the Count of CtotCatch
and Count of Ccatch98 buttons

PivotTable and PivotChart Wizard - Step 2 of 3

Where i3 the data that you want o use?
rarge: [IEIETEIETTETU %]  &row.. |
2

Cancel ] Naxt > Einish I

< fBack

PivolTakle and PivotChart Wizard - Layout

Coretnt your PivXTable by draggng
T fisld hutDre on Pw YL O he
agamon e Bt

18

Loz |

ooV

ROW

PivotTable Field

to Averages by double clicking ,
on them one after another. sereabl_Tomm o ]
Name: |average of CTotcatch
7. A PivotTable Field dialog box Cancel |
appear. Under summarize by. Change %u':‘nm“ oy: oo |
Count to Average. Count =
8. Click on OK to go back to the Layout Max M
Wizard then and again click on OK. :gdxt Qpticns >>
Count Nums L'
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Exploring the data
It is sometimes useful to look at
Fish Catch by Pravince - individual observations in more
province v ] detail. You might find some
Data - 1 _~—2=. 3|GrandTotal| categories interesting and may

Average of CTotcatch 48.1Q( 115.12 53p6 7222| indicate oddities in the data. Take
Average of CCatchS8 734 35 108! for example the Average of
CTotcatch under province 2 (115.12), which is 100% higher than the averages in the
other two provinces.

In this section we will illustrate how to explore

and extract the household that makeup acellin - -—— - -~
the pivot table. Specifically, we will extract the Select »
households that make up 115.12. Group and Outine >

¢ pencdl aa

1. Right click on the cell containing 115.12. :dmmas :
er
2. Select on Group and Outline then Show - 00
Detail. @ Field Settings

F CTotcatch | 48.

8
fFCCatch98 | 7. ~ ... :
FATatnoteh (118 —

1) Alternatively, double click on the cell. A
new sheet is created containing the households.

fat} thiccosoft Excel » Tonle Sap Economic valuation Database MS Excel Version

B)ee g9 Fomat Toos Lo WNdow B® ) ) i B =l x!
snmir»n A 100% v @ ? MsSausar *0 >3/ ESTEHESX, BARE 5.5,
; : .l e 2200
A B8 C D €E _F __ G 1 3 K L =
i 1 _id_hh_na province vil Totcatch Catch8 Clotcaich CCatch§s
29 2172 217 2 2 2 WA 2
30 2162 218 2 2 A b
‘a1 2152 218 2 200 20 200 20
(32 21322 213 2 3 23__MNA 23
‘w2 212 2 10__MVA 10
34 2072 207 2 2 12 A 12
135 20622 208 2 2 177 A w
38 20522 205 2 2 36__MNA 36
87 20422 204 2 3B__MNA 3
38 2002 200 2 19 WA 19
39 202 — 2 2 %0 20 160 2
0 2012 20 2 2 130 20 140 20
41 20022 200 2 2 150 30 150 30
42 1962 198 2 780 60 780 60
43912197 2 56__MVA 56
44 1962 196 2 _19__®mA 19
48 19222 192 2 2 320 40 40
819122 91 2 2 2200 BNA o
47 1902 190 40 X
43 18922 189 770 70 770 70
49 8822 188 2 148__ 7 47
50 187227 187 2 2 14 VA 4
S§1 1862 188 2 2 1® 1 ___1W®_ %
52 igs22__18s 2 2 48 ] 48 3
53 18422 134 2 2 17 2 7 2 -
M4 > N Sheett [ TabB o0 fohcach { spoces 8 \Shoet3 (merge / M . . B[

T st R LLERn BaSiC
ally,
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these are the households belonging in Province number 2. Note that a huge total fish
catch (2200) is reported in row 46 (Household number 191; province number 2; village

type 2).

Automatic Updating and Linking Pivot Table to a Formatted Table

It is common that during analysis, you will find some mistakes in the data and you need
to correct them. After correcting some entries, as mentioned earlier you do not need to
redo the pivot table to update the figures. A click on the Refresh command button in the
Pivot table Tool Bar will automatically update the pivot table. The Refresh command
button will also allow you to design the pivot tables in advance before or during the data
entry process and once data entry is done, instant summary tables can be generated.

The format of a Pivot table however is not really appealing. You may want to change the
word “Average of Ccatch98” to the actual name of the fish instead (say Giant catfish).
You cannot however do that in Pivot Table. To have maximum formatting flexibility,
make a copy of the entire table and link the values all the figures of formatted table to
the corresponding cell of the original pivot table. Linking will automatically update the
figures in the formatted table every time you update your Pivot table using the Refresh
command button.

Use the Paste Special=» Paste Values in copying. The copy can be formatted like any
other Excel range. To automatically update the figures in your formatted (copy) table,
equate each of the figures in the formatted table the corresponding cells in the original
pivot Table. Example: click on cell U5 then type “= O5". This imply that cell U5 which is
the intersection between Province 1 and Village type 1 will take the value in O5 which is
the intersection between Province 1 and Village type 1 in the original Pivot table. Then
you can copy this cell to the rest of the cells containing figures.

Us ~| = 305
N o P Q R s T ujl v w X

1
2 Household Distribution by Provinee by Village type Hougehald Distribution by Province by Village type
3 Count of province vil_ type w| Count of province Village type
4 ince v 1 2 3|Grand Total|  Province 1 2 3 Alltype
5 | 1 50 8« 135 1 8 @ 135
6 2 46 47 47 140 2 46 47 47 140
7 3 a5 45 45 135 3 45 45 45 135
8 Grand Total 141 18 134 410 All Province 1 135 134 410
9
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MS Excel as a Statistical Tool???

[Toos Dats Wrdow Hep
MS Excel offers wide range of A .
statistical tools, which are accessible -
through Tools menu=> Data e
Analysis. e g T e Twosen
Brotecton » ram :J
_oocsoman »
Goal Seek.... atyis Tacs E
Axng » :Mgnmmm _!W
g Percontie
Macro » Recywescn e |
Add-ins... r;ou: Pared Yo Sarpe fr Meas !
Oswmoe.. ok, Two-Saroe Asmemg s veess  —
Qpoors... j3-Test: Two Sampie fr Mens xi

Data Analysis is an Add-in in Excel. If  [akadii
Data Analysis option does not appear in | add-ins availabe:
the pull down menu, click on the Add- Links x|
Ins.. option to view the list of Available g — |
Add-Ins window. Tick the box on rl-_Autmave add-n _ Carcal |
z : : Canditional Sum Wizard

Analysis tool to activate Data Analysis. Ero ':m: Browse... |

[ Internet Assistant VBA

[~ Lockup Wizard

[™ MS Query Add-n

OCAC Add-in ~]
-Analysis TooPak
Providas functions and interfaces for financial and scientific
data analysis

In this section we will not illustrate how these different Statistical methods can be used.
Instead, we will point out the weaknesses of using Excel for statistical tasks. The Data
Analysis feature of Excel gives the impression that it does a lot of statistical method
when in fact its capabilities are very limited and undesirable.

We focus our attention to Regression Analysis and Analysis of Variance (ANOVA). In
regression analysis, the ANOVA (Analysis of variance) and regression statistics in a
regression analysis without constant term are incorrect. Even if you include constant
term, the standardized residuals seemed to have calculated using unknown formula.

For ANOVA, Excel neither supports unbalanced data (if the number of replicates are not
equal for all treatment) neither allow missing values.

Thus, we recommend against the use of MS Excel when it comes to advar@é data
analysis, which involves Statistics. We recommend that proper statistical packages
(SPSS, SAS, Minitab, etc) should be used. We have another document which illustrates
the used of SPSS in doing statistical analysis and data management using the Tonle
Sap Economic Evaluation data.
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Appendix A
Economic Valuation of Aquatic Resources of Tonle Sap Basin

ADB-IFReDI TA, Implemented by the WorldFish Center

Questionnaire
August, 2003

Location and Address:
Name of the household head: HH_NO
Village: Commune: VILLAGE
District: DISTRICT
Province (Kompong Chnang 1, Siem Reap 2, Kandal 3): PROVINCE
Village type (Fishing 1, Fishing and Farming 2, Farming and Fishing 3): VIL_TYPE
Profile of the head of the household:
Age: AGE_HH
Sex (Male 1, Female 2): GENDER
Ethnicity (Khmer 1, Chinese 2, Vietnamese 3, Cham 4, Other 5): ETHNICITY
Education ( 0, below 3 years, 4-5 years, 6-10 years, Above 10 years): EDUCTN
Religion (Buddist 1, Muslim 2, Christian 3, Other 4): RELIGION
Principal occupation: OCCPHH
Secondary occupation: OCCSHH

Code: Fishing 1, Fish processing 2, Fish trading 3, Fish culture 4, Net/gear making 5,

Farming 6, Laborer 7, Small business 8, Money lending 9,

Fuel wood collection 10, Motor taxi/car/engine boat driving 11, Government/NGO job 12,

House keeping 13, Teaching 14, Other 15

Household income (Riel) from the sources below during September 2002 to August 2003

SOURCES INCOME
Fishing:
Fish processing:
Fish trading:
Fish cuiture;
Net/gear making:
Bamboo and cane works:
Farming:
Daily labor:
Housekeeping:
Shop/small business:
Government/private job:
Motor taxi/engine boat driving:
Money lending:
Fuel wood collection:
Livestock raising:
Crocodile culture:
Other (specify):

2 ITEM 8 INCOME

wd
E and then add up.

Page 1

Note: For fishing related information collect information by close and open season and



Profile of the members of the household including household head
Total number of members in the household:

Age distribution of the members (years): AGEDISTN

(=]
-
=
w
E
™
-1
>}
-

AGE

Below 5
6 to 10
11to 15
16 to 30
31t045
46 to 60
Above 60

ON

DISTRIBUTI

Male:

Male:
Male:
Male:
Male:
Male:
Male:
Male:

Level of education of the eligible members of the households in years:

BL 4 ITEM

1

EDUCATIO

T
1

Number of members in the household eligible to work:
Occupation of the eligible members of the household:

OCCP

Fishing

Fish processing

Fish trading

Fish culture
Net/gear making
Bamboo and cane wor
Farming

Daily labor
Housekeeping
Shop/small business

Motor taxi/engine boat
Money lending
Fuel wood collection

TBL 5 ITEM 13 OCCUPATION

EDUC
0

1to 3
4t0 5
6 to10

N
g
2
o
o

ks

Government/private job

driving

Environment, Sanitation and Energy Sources

Type or status of latrine/toilet

Open latrine above water/land

No latrine/toile

Sanitary latrine

Other (specify)

t

.......................................................

Sources and nature of drinking water

River/lake water

.......................................................

Male:
Male:
Male:
Male:
Male:

Male:

POCCM
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:
Male:

......................................................

......................................................

-------------------------------------------------

....................................................

--------------------------------------------------

[MALEN

N_MALE

N_MALE

(ELcwMm

POCCM

Female:

Female:
Female:
Female:
Female:
Female:
Female:
Female:

Female:
Female:
Female:
Female:
Female:

Female:

SOCCM
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

FEMN
N_FEMALE

N_FEMALE

ELGBF

SOCCM

T_TOILET

S_H20
S_H201



Other (SPeCifY).......covrviriiinisiniici
If river/lake/pond, do you purify or boil the water (yes 1, No 2)

Sources of cooking and washing water

Riverlake Water........ccouevvnvieiiiiiiiiiiiciiiiecaaaees

PONd Water......ccevereniiicenirnneasrnnentrnernsrnsrarenseernsnes

Tubewell Water........cccovviiiivciiiiiiiiiiiiniciieninieeinee

Other (SPECITY)..c.uvvrierirrinirnierurrnernerensunernsrnernasens
Sources of bathing and cleaning water

River/lake water...........ccccoceereniiniinceeenceninreniniennes

PONA Water.......ccvveiiiiniiierireiccicocreennesantasrnen e

Tubewell Water..........cccoevvreerineenernerneeenrenreneessncrnens

Other (SPeCify)...ccoeuiinieiiiieiiiireiiiei e e 4

Sources of Medical care:
Village quackK...........covvvvimrveniie e,
Medical clinic (public)........ceieiiiiiiiiiiiiiiiiniiiinenns
Medical clinic (private)...........coveeeeeeeeriiicriciieereeraeen
Traditional herbs.........ccvvniviiiiiiiiicieee e,

How far (km) is the nearest hospital from your house? (km)

Is your village connected with electricity grid? (Yes 1, No 2)
Do you have electricity in your home? (Yes 1, No 2)
If yes, sources of electricity:

OWN generator.......ccooiiuiiviiiiiieciriiice e ennens
Connected with electricity grid...........cccovevevnvinnnnnnn. 2

Connected with private generator............................ 3

If no, what are the sources of household energy needs?
For lighting:

Kerosene Lamp........coeeeeevniiiiivnneneeincrnvenvrinsnnnne
Candle....c...vuiiiiiiiiiiiii e e 2
Battery.... ..o e 3
Other (SPECIY)......ire e e e 4

For cooking and fish processing:

Forest wood........ccoviviiiiinniiiiiicir e,
Bio-gas burner...........ccuveeieiiei e 2
CharCoal........ocuuiiueeiceeiiiieeieiiiecieeeeereniee s e era e 4
Other (SPECYTY)..cuuvvuiririitieeeeeereeciieeeree et enaens 5

If firewood, from where do you collect firewood and how much (kg)?
Flooded forest:
Mountain forest:
Homestead forest:
Other (specify):

Page 3

B_H20
S_CWH20
S_CWH201

BCH20S
BCH20

MEDICS
MEDIC

HOSPD
ELCON
ELHOME
ELSOURCE

LIGHTEN
LIGHTEN1

COOKEN
COOKEN1

QWDFLD
QWDMNT
QWDHSTD
QWDOTH



Household asset and land ownership
Land ownership status

Areain
Land type s$qQ.m
Homestead LHSTD
Agricultural land LAGRI
Pond land LPOND
Orchard land LORCH
Fellow land LFELLOW
Housing type. H_TYPE
Floating: H_TYPE1
Small floating house made of wood and tinftiles roof......................... 1
Medium floating house made of wood and tin/tiles roof...................... 2
Big floating house made of wood and tinftiles roof................c...c...... 3
Small floating house made of cane/bamboo and palm leaves..............4
Medium floating house made of cane/bamboo and palm leaves..........5
Big floating house made of cane/bamboo and palm leaves................. 6
On land:
Small house made of wood and tinftiles roof..............cccoceeiiiinianns 7
Medium house made of wood and tinftiles roof...............ccoeeviinennn.n 8
Big house made of wood and tinftiles roof.............cccoeviiiiieninanin, 9
Small house made of cane/bamboo and palm leaves...................... 10
Medium house made of cane/bamboo and palm leaves................... 11
Big house made of cane/bamboo and palm leaves......................... 12
Present value of the house (in Riel): V_VALUE
Present value of household assets:
Electronic appliances: . V_EAPPL
Transport equipments(boat, bicycle, motorbike, motor boat): VTRANSE
Furniture/fixtures: VFURN
Electricity generator: V_GEN
Battery: V_BATT
Tube well: V_TUBE
Hand phone/Radio transmission: V_HPHONE
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Fisheries and fishing related assets and present value (Riel)
FISHING EQUIPMENT NUMBER PRESENT VALUE (RIEL)

Fishing equipment Number Present value (Riel)

EQPMNT NUMBER PRVALUE

Harpoon

Bamboo trap

Castnet

Liftnet

Gillnet

Sein net

Hook long line

Bamboo fence

Eggnet (non-motorized)

Funnel trap

TBL 6 ITEM 30 FISHING RELATED

ASSETS

Other (specify)

Present value of assets related to fish processing

la Processing equipment Number |Present value (Riel}
g PEQPMNT NUMBER PRVALUE

5 &' Barrel

=2 Cube

W

E & @ |Smoke griller

o8y |ar

E E 9 Others (specify)

Present value of farm equipment
Traditional:
Modern:;

Fishing and related activities
How many people in your household do fishing? Male: MFISH

What time of the year do you fish?
(Closed season 1, Open season 2, All season 3, Occassional 4)

Why do you fish? (For sale 1, consumption only 2)
Did you fish last week?(Yes 1, No 2)
If yes, how many days?

How many hours per day?
How many persons?
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Female:

V_TFEQ
V_MODEQ

FMFISH

F_TIME

F_REASON
F_FREQ
F_DAY

F_HOURS
F_PERSON



How much fish (in kg) did you caught, consumed and sold during last week? (use species code list)

Quantity (kg)
Species Caught Sold Consumed Processed |Fish feed™ Price/kg Buyer*
SPECIES |CAUGHT SOLD CONSUMD PROCESSOFISHFEED |PRICE _KG |BUYER
*Buyer: Fish collector on site 1, Middle man/trader at the landing site 2, Fish processor 3,
Cage farmers 4, Animal/Crocodile farmer 5
**include animal feed also
Where did you catch fish? FPLACE1-3
(Rice field 1, Great Lake 2, River 3, Canal 4, Flocoded forest 5, Fishing lot 6, Pond 7)
What type of fishing gear did you use for fishing?: FGEAR1-3
Gill net 1, Cast net 2, Bamboo fenced trap 3, seine net 4, long line 5,
Scoop net 6, Bagnet 7, Bamboo fenched trap 8, net 9)
What type of boat did you use for fishing at what cost?
Number of Renting |Fuel cost
el Type of boat |boats Owned |cost (Riel)
E :» T BOAT N BOAT | OWNED | R COST | F COST
E 8 Motorized
W [Non-motorized
E 1>-' Other (specify)
How much fish (in kg) could you catch, consume and sell during open season in 20027
Caught (kg): QCATCHO
Consumption (kg): QCONSO
Sald (kg): QSOLDO
Processed (kg): QPRCO
Used as fish feed (kg): QFFEEDO

Page 6




How much fish (in kg) could you catch, consume and sell during close season in 2003?

Caught (kg): QCATCHC
Consumption (kg): QCONSC
Sold (kg): QSOLDC
Processed (kg): QPRCC
Used as fish feed (kg): QFEDC
Where did you sell fish during last open and close seasons? SOLDWHM1-

To fish collector On Site........cccevvieeenririrenemnreniiiniinn 1

To middle men/trader at the landing site...................... 2

TO fish ProCESSOr. .. vvverreiceiciiiniiiiriirren i cean 3

TO CAQE fAMMEL ... eveeeirnerine ittt 4

To animal/crocodile farmer........ccccooiiiceiiniiiiniiiiinnenn 5

Other (SPECIfY).....cuveueeiiiiiiiiiiiirr e 6

What species did you catch?
(use species code list)

Open season 2002 Close season 2003

Species Rank by quantity caught Species _|Rank by quantity caught

O _SPECIE O _RANK |C_SPECIH C_RANK
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How do you market your fish? (Yes 1, No 2)
Carry to the market to sell directly to the consumers
Carry to the landing site and sell to wholesaler
Middlemen collect from fishing ground
Wholesale buyer from whom you borrowed money
Other (specify)

Did you borrow money during this year? (Yes 1, No 2)

If the answer is "yes", from whom did you borrow money? (yes 1, No 2)

Friends and relatives............ccccveceveimniieerecennencenennrnn
Financial institutions.........cccccviii i e
Localmoneylender..........cccooviiiiiiecnineeniinniie e
Fish trader/whole saler..........ccoeeveeriviiiicicirinnnneecnenans
Other (SPECIfY)....cciu it ce e e

Are you obliged to sell fish to your trader/money lender? (Yes 1, No 2)
If yes, do you get market price for your fish? (Yes 1, No 2)
If no, how much less per kg?

Fish Processing Activities

Do you process fish? (Yes 1, No 2)

If yes, purpose of processing: (yes 1, No 2)
Self consumption
For sale

What fish products did you process during September 2002 - August 20037

Products Quantity (kg)

Sold (kg)

Consump-tion

(kg)

Price/kg

PRODUCTS QTY

SOLD

CONSUMP

PRICE

Salted dried fish

Dried fish

Smoked fish

Fermented fish

Fish filleting

Prahoc

Semi-final prahoc

Fisah sauce

Fish ball

TBL11 ITEM 56 PROCESSED FISH

PRODUCTS

Other (specify)

Where do you process fish?
Within house.........cccovvvrvvnviiiiiireinnen. 1
River bank.........cccceveeiiiiivenenniiinirnnennne 2
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CONSMKT
WSALER
FGROUND
WSLENDER
OTHERS
B_MONEY

S_MFRIND
S_MFINST
S_MLEND
S_MFTRAD
S_MOTH
MLENDERS
MPRIC

| LESSMPR

PROCFS

PROCONS
PROCSL

PLPROC1
PLPROC2



What kind of raw materials did you use for processing?

TBL12 ITEM 58 RAW

MATERIALS

Raw materials

Quantity (kg)

Pricelkg_

R _MAT

QrY

PRICE

Fish

Salt

Sugar

Firewood

Charcoal

Fuel

Sun dried materials {sq m)

Other (specify)

Labor Utilization

TBL13 ITEM 59
LABOUR

How much p

TBL14 ITEM 60

N

UTILIZATIO

PROCESSED FISH SOLD

Peak Season

Sex Self

Hired Wage rate

Non-peak season

Self

Hired |rate

Wage

SEX P_SELF

P_HIRED |P_WRATE

N_SELF

N_HIRE]n.waare

Male

Female

rocessed fish did you sell during September 2002 - August, 2003

Type of processed fish

Amount sold (kg)

Price/kg

Buyer**

Amount consumed

TYPE

SOLD

PRICE

BUYER

CONSUMED

Salted dry

Dried fish

Smoked

Fermented

Pra hok

Fish sauce

Other

*Buyer: Collector on site 1, Middle man/trader in the nearest city 2, Sell directly to the consumer 3
Animal/Crocodile farmer 4

Fish Cage/Pond Culture
Do you cuiture fish in cage or pond? (Yes 1, No 2)

If yes, in how many cages/ponds:
Total area of cages/ponds (sq m):

Present value of the cage/pond (Riel):
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NOCAGES
AREACAG
VALCAG




Type of species and number of fingerlings:

TBL15 ITEM 65 FINGERLINGS

Species

Number |Size (cm)

Source

Cost per
fingerling
(Riel)

Giant snake head

Pangusius

SPECIES

NUMBER| SIZE

SOURCE

COST

Operating cost per day:

Rearing pericd (months):

Labor (hours):

-maintenance:
-fish collection:

Fish bought (kg):
Fish caught (kg):

Other cost:

Total production (kg) and selling price:

TBL16 ITEM 68 FISH PRODUCTION

Species

Consumption

Production

Sold

Price/kg

Buyer*

Giant snake
head

Pangusius

SPECIES

CONSUMED

PROD

SOLD

PRICE

BUYER

| ¢

*Buyer: Fish collector on site 1, Middle man/trader at the landing site 2, Fish processor 3,

Money lender/collector 4, Animal/Crocodile farmer §
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OC_MAIN
OC_FCOLL
OC_FB
OC_FC
OTHER_OC
REAR_P



Farming Activities
Farm production during September 2003 - August 2003

TBL17 ITEM 69 FARM PRODUCTION

Crops and vegetables Production (in kg) Total value (Riel)
CROPS PROD VALUE
Labor utilization in farming activities during 2002 -2003
Crops Male Female Wage rate |
/vegetables |Self Exchange {Hired Self Exc_|Hired [Male Female
CROPS M SELF |M_EXCHG M HIRE | FM _SELF ) EXCEM HIR| M WRATE |[FM WRATE

TBL18 ITEM 70 LABOR IN FARMING
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Input costs (Riel) of farming activities during 2002 - 2003.

TBL19 ITEM 71 INPUT COST FARMING

Inputs cost
Crops/ Chemical
vegetables |lrrigation fertilizers |Cow dung |Seeds
CROPS IRRGTN FERT | COWDUNG | SEEDS

How much land did you cultivate during 2002 - 20037 (sq m)

TBL 20 ITEM 72 CULTIVATED LAND

Crops Land cuiltivated
/vegetables [lrrigated Non- irrigated
CROPS IRRGTD N_IRRGTD
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Dependence of the Households on the Resources within Lake and Flooded Forest
What resources do you collect from the Lake and flooded forest and how do you value them

in your daily life?
Quantity gkg%
onsump How

Resources Yes/No |[Sold tion Value important®
RESOURCES SOLD CONSUMP |VALUE IMPRTNCE
Firewood
Bamboo/canes

Mat making materials

Wild animals/birds

Transportation

Animal grazing

Duck grazing

Fruits collection

Sundaune (fruit)

Sundaune (leaves)

Phkasnor

Water Lilly

Lotus/ lotus roots

Troyraug

Kanchet

Saomaoprey

Morning glory

Snails/crab collection

Mollusk

Rat

Toat

Turtles

Tortoises

Swamp eel

Snake

Traditional medicine

TBL21 ITEM 73 RESOURCE DEPENDENCE

Recreation

* Very important 4, Important 3, somewhat important 2, Not important 1
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Household Consumption during last 7 days

How much of the following items your household consume during last week?

Quantity (kg)

Consumable items

Self

Market

Price/kg

ITEMS

SELF

MARKET

PRICE

Rice

Corn

Noodle

Vegetables

Fish

Chicken

Meat

Bread

Salted dry fish

Pra hoc

Fermented

Smoked fish

Fish egg

Fish sauce

Fish ball

TBL22 ITEM 74 HOUSEHOLD CONSUMPTION

Interviewed by:

Date:
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