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ABSTRACT 

Economic operation of power systems demands consideration of the worth 

o electric service reliability to the customers. This worth is presently assessed in 

terms of the costs associated with power interruptions. This thesis provides an 

overview of the methods used for interruption cost estimation. One of these 

methods, the method of customer surveys, has been utilized by the Power System 

Research Group at the University of Saskatchewan for two research projects which 

surveyed residential, agricultural, industrial, commercial, and large user customers. 

Both projects were sponsored by the Canadian Electrical Association. The more 

recent of these projects surveyed agricultural sector electrical customers. The 

primary objective of this thesis is the analysis of the data collected during this 

project. 
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The thesis presents a methodology which can be used to calculate monetary 

values from the survey raw responses. Sector Customer Damage Functions together 

with individual Standard Industrial Classification Class Customer Damage 

Functions obtained from three types of questions are shown and compared. 

Statistical analysis of the agricultural sector data is used to draw some important 

conclusions. Among the primary findings of this analysis is that the type of 

customer appears to be the most significant user related characteristic and that the 

cost estimates are essentially transferable from region to region. 

The agricultural sector Customer Damage Function is compared with 

Customer Damage Functions from the other sectors and a Composite Customer 

Damage Function is calculated for the three service areas. The effect of 

approximating the Composite Customer Damage Function by a constant value is 

also addressed. 



vi 

TABLE OF CONTENTS 

COPYRIGHT 
ACKNOWLEDGEMENTS iii 
ABSTRACT iv 
TABLE OF CONTENTS vi 
LIST OF FIGURES ix 
LIST OF TABLES xi 
LIST OF ACRONYMS xiii 

1. INTRODUCTION 1 
1.1. University of Saskatchewan Interruption Cost Database 5 
1.2. Objectives and Scope of Work 6 
1.3. Thesis Summary 6 

2. VALUE OF SERVICE RELIABILITY AND ITS MEASUREMENT 8 
2.1. Value of Service Reliability and Interruption Cost 8 
2.2. Classification of Interruption Costs 9 
2.3. Cost of Interruption Data 10 

2.3.1. Analytical methods 11 
2.3.2. Case studies 12 
2.3.3. Customer surveys 13 

2.4. Customer Damage Function 1
1
5
5 2.4.1. Identification of five sectors of the economy 

2.4.2. Normalization process 161 
2.4.3. Cost of interruption calculation and weighting process 16 

2.5. Summary 18 

3. AGRICULTURE SECTOR CUSTOMER DAMAGE FUNCTION 19 
3.1. Introduction 19 
3.2. Agriculture Sector Questionnaire Description 19 
3.3. Agriculture Sector Customer Damage Function 21 

3.3.1. Preparatory action question cost estimates 22 
3.3.1.1. Calculation of monetary values from the preparatory 

action question 22 
3.3.1.2. Preparatory action question customer damage 

function 25 
3.3.2. Worst case cost estimates 27 
3.3.3. Rate reduction cost estimates 38 

3.4. Comparison of Cost Estimates 40 
3.4.1. Effect of the average - maximum and frequency aspects on 

the cost estimates 41 
3.4.2. Effect of the upper bound effect on the cost estimates 43 

3.5. Summary 50 



vii 

4. AGRICULTURE SECTOR DATA ANALYSIS 52 
4.1. Introduction 52 
4.2. Analysis of User Characteristic Data 54 
4.3. Analysis of the Worst Case Cost Question 60 

4.3.1. Distribution of Worst Case Cost Estimates 61 
4.3.1.1. Distribution of worst case cost estimates - basic 

analysis 62 
4.3.1.2. Distribution of the worst case cost - analysis by SIC 

class 68 
4.3.2. Inferential analysis 87 

4.3.2.1. Effect of SIC class on the worst case cost estimates 88 
4.3.2.2. Effect of availability of backup on the worst case 

cost estimates 89 
4.3.2.3. Effect of the utility service area on the worst case 

cost estimates - transferability of the results 91 
4.3.2.4. Summary 94 

4.3.3. Effect of cost estimate normalization 95 
4.4. Analysis of Preparatory Action Cost Question 99 

4.4.1. The distribution of the preparatory action cost estimates 100 
4.4.2. Inferential analysis of the preparatory action cost estimates 107 

4.4.2.1. Effect of SIC class on preparatory action cost 
estimates 111 

4.4.2.2. Effect of the utility service area on the preparatory 
action question cost estimates - transferability of 
results 115 

4.4.2.3. Effect of backup availability on the preparatory 
action cost estimates 120 

4.4.2.4. Effect of type of activities mainly affected by power 
interruptions 123 

4.4.2.5. Summary 123 
4.5. Summary 124 

5 

6 

SECTOR CDF COMPARISON AND CCDF GENERATION 126 
5.1. Introduction 126 
5.2. Inflation and its Measurement 126 
5.3. Updated Sector CDF's 128 
5.4. Updated CCDF 129 
5.5. Application of CCDF 133 
5.6. Limitations 136 
5.7. Summary 137 

SUMMARY AND CONCLUSIONS 138 

REFERENCES 141 



vi" 

'PENDICES 143 
Appendix A. Agricultural Sector Questionnaire 143 
Appendix B. Escalation Factors 151 



ix 

Figure 
Figure 
Figure 

1.1: 
1.2: 
3.1: 

Figure 3.2: 

Figure 3.3: 

Figure 3.4: 

Figure 4.1: 

Figure 4.2: 

Figure 4.3: 

Figure 4.4: 
Figure 4.5: 

Figure 4.6: 

Figure 4.7: 

Figure 4.8: 

Figure 4.9: 

Figure 4.10: 

Figure 4.11: 

Figure 4.12: 

Figure 4.13: 

Figure 4.14: 

Figure 4.15: 

Figure 4.16: 

Figure 4.17: 

LIST OF FIGURES 
Hierarchical levels. 
Overall optimal system reliability determination. 
Variation of the action costs with the variation of the 
real rate. 
Comparison of the agricultural sector CDF previously 
reported and the CDF's calculated using 0, 3, 6, and 9% 
real rate. 
Comparison of agriculture sector CDF's generated from 
preparatory action cost and worst case cost estimates. 
Comparison of the cost estimates calculated with the 
upper bound revoked (imposed). 
Two dimensional distribution of worst case cost and 
interruption duration variates. 
Histogram of the worst case cost estimates shown in 
absolute frequencies. 
Empirical cumulative distribution function of the worst 
case cost estimates. 
Normal probability plot of the worst case cost estimates. 
Normal probability plot of worst case cost estimates in 
SIC class 111 - Dairy. 
Normal probability plot of worst case cost estimates in 
SIC class 112 - Cattle. 
Normal probability plot of worst case cost estimates in 
SIC class 113 - Hog. 
Normal probability plot of worst case cost estimates in 
SIC class 114 - Poultry and Egg. 
Normal probability plot of worst case cost estimates in 
SIC class 162 - Greenhouse. 
Identification of the two groups of respondents in SIC 
classes 113, 114, and 162. 
Normal probability plot of responses in SIC class 113; 
no backup. 
Normal probability plot of responses in SIC class 113; 
backup owners. 
Normal probability plot of responses in SIC class 114; 
no backup. 
Normal probability plot of responses in SIC class 114; 
backup owners. 
Normal probability plot of responses in SIC class 162; 
no backup. 
Normal probability plot of responses in SIC class 162; 
backup owners. 
Scattergrams of the annual consumption as a function of 

2 
4 

25 

27 

43 

48 

62 

64 

66 
68 

70 

71 

72 

73 

74 

77 

80 

81 

82 

83 

84 

85 



x 

Figure 4.18: 

Figure 4.19: 

Figure 4.20: 

Figure 4.21: 

Figure 5.1: 
Figure 5.2: 
Figure 5.3: 

the worst case cost estimates. (1 and 4 hour duration) 
Scattergrams of the annual consumption as a function of 
the worst case cost estimates. (8 and 24 hour duration) 
Histograms of preparatory action selection for the four 
specified scenarios. 
Histograms of preparatory action selection broken down 
by backup ownership. 
Cost associated with preparatory actions as a function of 
the action number and interruption duration. 
Sector CDF's. 
CCDF's for the three example service areas. 
Sector CDF's normalized by duration. 

96 

97 

102 

104 

105 
130 
132 
134 



xi 

LIST OF TABLES 
Table 3.1: Cost estimates derived from the preparatory action cost 

question in 1985 Canadian dollars. All scenarios and cost 
estimates are on a per month basis. This is equivalent to a 
per interruption basis, except for the "two 4 hour" 
scenario where entries must be halved to obtain per 
interruption costs. Values in the "All Farms" category are 
weighted averages. Values in parenthesis are sample sizes. 29 

Table 3.2: Weighting factors used in the calculation of the "All 
Farm" values. 33 

Table 3.3: Relative response rate to the worst case cost question. 34 
Table 3.4: Cost estimates derived from the worst case cost question 

in 1985 $. 35 
Table 3.5: Rate reduction cost estimates in 1985 Canadian $. 39 
Table 3.6: Yearly average cost estimates derived from the worst case 

costs using the results from the annual variation question 
for adjustment. 42 

Table 3.7: Cost estimates derived from the worst case cost question 
with the imposed upper bound and related statistics: the 
number of respondents who would benefit from backup 
ownership (Would Benefit), and the number of 
respondents who would benefit from backup ownership 
and who actually own a backup unit (Own Backup). 47 

Table 3.8: The number of respondents with peak demand in excess 
of 30 kW and assigned the new theoretical value 
(Reassign); and the number of respondents with peak 
demand in excess of 30 kW but whose estimates were not 
altered (Not altered). 48 

Table 3.9: Cost estimates calculated from the preparatory action cost 
estimates with the upper bound revoked. 48 

Table 4.1: Analysis of variance table for the saturated log-linear 
model fitted to the set of user attitudinal variables. 56 

Table 4.2: Analysis of variance table for the saturated log-linear 
model fitted to the set of user characteristics variables. 58 

Table 4.3: Comparison of goodness of fit for various third order 
effect models. (Each model is defined by the third order 
effects included; all models contain all lower order 
effects.) 59 

Table 4.4: Basic univariate statistics for the worst case cost data. 
(sample size is 820 for all durations) 62 

Table 4.5: Sample sizes for the selected SIC classes. 68 



xii 

Table 4.6: 

Table 4.7: 

Table 4.8: 

Table 4.9: 

Table 4.10: 

Table 4.11: 

Table 4.12: 
Table 4.13: 

Table 4.14: 

Table 4.15: 

Table 4.16: 

Table 4.17: 

Table 4.18: 

Table 5.1: 

Table 5.2: 

Table 5.3: 

Anderson-Darling test of goodness-of-fit for the worst case 
cost data in SIC classes 111 and 112. (Ho: distribution is 
normal) 
Pearson Chi-square statistics for the effect of the user 
characteristics variables for the two groups of respondents. 
(Ho: variables are independent) 
Anderson-Darling test of goodness-of-fit for worst case 
cost data in SIC classes 113, 114 and 162 broken down 
by backup ownership. (Ho: distribution is normal) 
Significance levels of the Kruskal-Wallis test for effect of 
backup ownership on the worst case cost estimates in the 
selected SIC classes. (Ho: no difference exists in the 
median location between owners and non-owners of 
backup) 
Resulting statistics from the ANOVA tests for the effect 
of utility service area on the worst case cost estimates in 
SIC classes 111 and 112. (Ho: no difference exists 
between group means) 
Significance levels of the Kruskal-Wallis tests for effect of 
the utility service area in selected SIC classes. (Ho: no 
difference exists between group medians) 
Frequency table of preparatory action selection 
Monetary values associated with the individual preparatory 
actions for the various scenarios. 
Response rates to the preparatory action cost question in 
the selected SIC classes. 
Response rates to the preparatory action cost question in 
the selected SIC classes and utility service areas. 
Significance levels of the cumulative response function 
logit model for the effect of SIC class in the two selected 
groups in the Ontario Hydro and Hydro Quebec service 
areas (group I comprises SIC classes 111, 112, and 113; 
group II comprises SIC classes 114 and 162). 
Distribution of backup ownership in the five selected SIC 
classes. 
Distribution of backup ownership in the individual utility 
service areas. (all SIC classes included) 
Sector CDF's in $/respondent, $/kW, and $/MWh updated 
to 1987 Canadian dollars. 
Sector representation in the three regions considered. 
(The values derived from the peak demand are in 
parenthesis) 
Composite Customer Damage Function for different 
regions (peak demand weighted values are in 
parenthesis). 

75 

78 

86 

89 

91 

93 
101 

103 

112 

113 

114 

121 

121 

129 

131 

131 



Table B.1: Escalation factors used in the residential and agriculture 
sectors. 

Table B.2: Escalation factors used in the large users, industrial, and 
commercial sectors. 

152 

153 



xiv 

LIST OF ACRONYMS 

CCDF Composite Customer Damage Function 

CDF Customer Damage Function 

c cif Cumulative distribution function 

CEA Canadian Electrical Association 

DF Degrees of freedom 

df Distribution function 

EPS Economic Principle of Substitution 

GNP Gross National Product 

SIC Standard Industrial Classification 

WTP Willingness To Pay 

WTA Willingness To Accept 



1 

1. INTRODUCTION 

The basic function of a power system is to supply its customers with 

electrical energy as economically as possible and with an acceptable degree of 

reliability and quality. Modern society, because of its pattern of social and 

working habits, has come to expect that energy should be continuously available on 

demand. This is not possible due to random system failures which are generally 

outside the control of power system engineers. The probability of customers being 

disconnected, however, can be reduced by increased investment during the planning 

and/or operating stage. It is evident that investment and reliability constraints 

have to be considered together thus leading to difficult managerial decisions. 

These decisions have been historically approached using deterministic 

criteria. Examples of such deterministic criteria used in generation planning for 

estimation of the required generation margin are largest generator and fixed percent 

margin methods. The former method uses the capacity of the largest generation 

unit in the power system, while the latter uses some percentage of installed 

generating capacity. The need for the use of criteria based on probabilistic 

methods has been recognized for many decades. However, the lack of 

computational power and relative abundance of low cost energy sources resulted in 

an initially slow propagation of reliability techniques into the power industry. This 

situation has changed tremendously over the past two decades. Sharp increases in 

energy prices, tremendous computational power, and ever increasing lead time for 

power generation projects has created conditions for rapid development and 

utilization of reliability techniques. 

The reliability of an electric power system is understood as its ability to 

m- et load requirements with acceptable quality at any time. System reliability is 

comprised of two components: system security and system adequacy. System 
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security relates to the ability of a system operating under normal conditions to cope 

with disturbances arising from within the system. System security methods are 

therefore associated with short term aspects of reliability. System adequacy 

relates to sufficient facilities within a system to satisfy peak customer load demand. 

Adequacy assessment methods are associated with long term static conditions of a 

power system. 

The majority of work has been done in the area of adequacy assessment. 

System adequacy is usually quantified in terms of expected values of power system 

reliability indices. System adequacy assessment techniques can be categorized in 

terms of their application to three recognized functional zones: generation, 

transmission, and distribution. These zones create a framework of three 

hierarchical levels as shown in Figure 1.1. Hierarchical level I (HLI) is concerned 

only with generation facilities. Hierarchical level II (HLII) assessment includes 

both generation and transmission facilities. The inclusion of transmission results in 

a sharp increase in computational requirements. Studies at this level are not 

commonly included in the decision making process in the power industry. 

hierarchical level III (HLIII) includes all three functional zones. Studies on this 

level are seldom done directly due to the size of the problem. 

Typical reliability criteria used to represent a system are: Loss of load 

expectation (LOLE), Loss of energy expectation (LOEE); and, Frequency and 

Duration (F&D). LOLE is the average time when a daily peak load is expected to 

exceed an available generating capacity. It is the most utilized reliability index in 

the power industry. LOLE, however, does not provide any information about 

energy deficiencies. LOEE is the expected energy that will not be supplied under 

circumstances which cause the demand to exceed power generation. It therefore 

takes into consideration the severity of the power shortage. The F&D criterion is 

an extension of the LOLE index in that it identifies the expected duration and 

expected frequency of power deficiencies. 



3 

Generation 
facilities I 

Transmission 
facilities 

Distribution 
facilities 

40••• 

Hiearchical level I 

Hiearchical level II 

Hierarchical level Ill 

Figure 1.1: Hierarchical levels. 

The use of probabilistic indices represents a very significant step forward 

when compared with the deterministic methods used previously. However, the use 

of probabilistic methods does not provide information about "the optimum" level of 

system reliability. The target values of system reliability indices are still set 

deterministically from experience. For example, the value of Loss of Load 

Expectation commonly accepted by the industry is 0.1 days per year. This 

deterministic approach has recently received criticism with the allegation that the 

above value of LOLE is too high. In order to find "the optimum" level of system 

reliability a complete cost-benefit analysis has to be performed. 

The general concept of reliability cost-benefit analysis is to relate system 

reliability costs to the worth of reliability to utility customers. The worth of power 

system reliability is defined in terms of the benefit to the electrical customers 

which results from an adequate and continuous supply of power. It is very 

difficult to quantify this customer benefit but, at least conceptually, it is possible to 

relate it to the overall customer costs which are associated with system 

unreliability. The cost-benefit relationship can be then expressed graphically as 

shown in Figure 1.2. The system cost increases progressively with system 

reliability due to increased generation requirements and necessary enhancements to 
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the transmission and distribution networks. In contrast, the customer costs decrease 

with increases in system reliability. Considering, that the system cost is ultimately 

born by the utility customers, the customer cost and system cost can be summed as 

a "total cost". It is then expected that the "total cost" curve has a global minimum 

which corresponds to the optimum level of system reliability. 

The methodology used for quantitative assessment of system cost is 

relatively well developed and widely used by utility planning and operating 

departments. By comparison, the reliability worth evaluation has only recently 

received substantial attention. In spite of this, the existing methodology is still 

largely in its infancy and is often inconsistent. This is primarily due to the high 

degree of complexity which is involved. 

As a result of the difficulties associated with estimating reliability worth, it 

is commonly accepted to approximate its value using an estimate of customer 

Customer Cost 
System Cost 

Optimum 
Customer Reliability 

Figure 1.2: Overall optimal system reliability determination. 
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interruption costs. It is understood that these estimates vary widely for different 

customers and with the interruption related characteristics, such as interruption 

duration, frequency, time of occurrence etc.. The interruption duration is usually 

considered to be a primary interruption related variable. The interruption cost for a 

given type of customer as a function of interruption duration is referred to as a 

Customer Damage Function (CDF). CDF's for all types of customers weighted by 

their relative representation in the given service area comprise a Composite 

Customer Damage Function (CCDF). The CCDF is then assumed to be 

representative of the total interruption cost in a given service area. 

The CCDF can be expressed in $ per respondent, $ normalized by the 

respondents' annual peak demand, or $ normalized by the respondents' annual 

consumption. The most common form of CCDF is in $ normalized by the 

respondents' annual peak demand, as this form can be used for subsequent 

calculation of the cost of energy not served. Due to the nontneanty of the CCDF 

it has to be combined with the appropriate probability model of the power system. 

The resulting index, Interrupted Energy Assessment Rate (TEAR), represents the 

cost of energy not served in the given system and is then usable in power system 

planning and operation [1,2]. 

1.1. University of Saskatchewan Interruption Cost Database 

Many methods have been used over the past two decades to estimate the 

ct stomer costs associated with power supply interruptions. Some of these methods 

are discussed later in the thesis. The method often given preference despite its 

high cost is customer surveys. This method has been accepted by the Power 

Systems Research Group at the University of Saskatchewan.. Two extensive 

customer mail surveys were conducted in 1980 and 1985. Both surveys were 

sponsored by the Canadian Electrical Association (CEA). The first survey covered 

residential, industrial and commercial customers. The second survey, larger in 

scale, covered the agricultural sector. The detailed information on both surveys 



6 

can be found in the respective reports [3,4]. Results of the first survey were the 

subject of the analysis presented in [5]. The analysis of the results from the 

second survey is the primary objective of this thesis. 

1.2. Objectives and Scope of Work 

The primary objectives of this thesis is to: 

(i) Present a summary and discussion of the methods used to 

estimate the cost of interruption and to describe the 

methodology employed at the University of Saskatchewan. 

(ii) Analyze the agricultural sector data collected during the 1985 

survey. 

(iii) Generate an agricultural sector CDF and compare it with other 

sector CDF's. 

(iv) .Generate a CCDF which can be subsequently used as an input 

data in reliability studies presently being conducted at the 

University of Saskatchewan. 

(v) Discuss the possible applications and limitations of the 

interruption cost estimates. 

1.3. Thesis Summary 

The first objective of this thesis is to present an updated summary of the 

methodology and techniques used for worth of reliability estimation together with 

the advantages and shortfalls of each method. This is the subject of Chapter 2. 

This summary is not meant to be exhaustive. Only the methods which are, in the 

author's opinion, either the most interesting or which have been used repeatedly 

over the past two decades have been included. It should be appreciated that no 

single method emerges as uniquely better than the others, however, customer 

surveys, despite their high cost, often receive preference by power utilities. An 

overview of the methodology used to generate a CCDF when using customer 

surveys closes the chapter. 
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Chapter 3 presents the basic results obtained from three distinct cost 

imating methods employed in the agricultural sector questionnaire. The form of 

articular question design created some difficulties in interpreting the results. A 

method was developed to calculate the monetary values from the raw 

ponses. An agricultural sector CDF is generated for each of the three cost 

imating methods. Quantitative as well as qualitative comparisons of the three 

thods are presented and the method which is concluded to be the most 

►resentative of the agricultural sector interruption costs is identified. 

The need for detailed analysis of the survey results has been recognized for 

so e time. The common statistical methods used in the previous studies do not 

e into consideration the statistical distribution of the cost data. As a 

co sequence, the results of these analyses may be spurious. Chapter 4 is dedicated 

to the detailed statistical analysis of the data. 

t 

Comparison of sector CDF's and generation of a CCDF is the subject of 

C apter 5. In order to be able to compare the data collected at two different 

p e ints in time as well as to bring the CDF's and the CCDF up to date, cost 

es imates had to be escalated to account for inflation in the individual sectors of 

th economy. The methodology used for the data escalation is discussed in this 

c apter. 

Chapter 6 summarizes the major findings of this project and presents a 

di cussion of the results. 
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2. VALUE OF SERVICE RELIABILITY 

AND ITS MEASUREMENT 

2.1. Value of Service Reliability and Interruption Cost 

The value of any product to a particular customer is defined in allocative 

economics as the maximum price that customer is willing to pay for it. This 

definition can be used to estimate the worth (or value) of power system reliability 

since it is the customer who ultimately pays for any enhancements required to 

increase the reliability of the power system or just to maintain its current level. 

Unfortunately it is very difficult to assess customer willingness to pay for 

the various levels of power system reliability. The primary reason for this 

difficulty is the lack of a developed market for power reliability. Power utility 

companies are typically in monopoly positions in their service areas thus leaving 

customers with little choice regarding their preferences. Customers, on the other 

hand, have come to expect electrical supply to be continuously available on 

demand. Despite the understanding that this is not possible due to random failures 

of system components, the expectation remains and is often perceived almost as a 

social right. These attitudes probably result from high reliability levels experienced 

by the customers in North America over the last several decades, and from 

pervasion of electric power in all areas of society. Another important factor is that 

any costs associated with reliability improvements are originally borne by the 

utility company, and are only gradually passed onto customers in the form of rate 

increases. It is thus impossible for customers to distinguish between the portion of 

a rate increase related to inflation and the portion associated with reliability 

improvements. Customers, therefore, often do not perceive the existing trade-off 

between system reliability and service cost. 
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As a result of the difficulties with estimating worth (or value) of reliability, 

s value is commonly approximated by customer costs or losses resulting from 

power outages. This is often referred to as the Cost of Interruption. The 

s bstitution is based on a theoretically sound assumption that the sum of all losses 

e perienced by the customer as a result of a power interruption should be equal to 

t amount a customer would be willing to pay for avoiding the interruption. This 

a proach has one major shortcoming: it is not possible to assign dependable 

onetary values to all losses experienced by the customer. Some interruption 

c nsequences such as inconvenience are obviously very difficult to quantify in 

onetary terms. This may result in an underestimation of the cost of interruption. 

a consequence, it is believed that cost interruption estimates provide only lower 

and estimates of reliability worth [6]. It should be further appreciated that 

d pending on the actual approach used to measure the interruption costs customer's 

a itudes can cause serious discrepancies between their estimate of interruption 

c sts and their willingness to pay for avoiding these interruptions [7]. 

2 2. Classification of Interruption Costs 

Costs of interruption can be broadly classified as having direct or indirect

nsequences. Another possible categorization is to distinguish between 

nsequences which are primarily economic or social in nature. In many cases 

s ch a categorization is difficult. 

Direct effects are those resulting directly from the power cessation. 

E amples of economical costs are lost production, spoilage of food or raw 

aterials, restarting cost for continuous processes plants, lost revenue, paid staff 

u able to work, or direct costs associated with human safety and health. Social 

e fects can include inconvenience, fear of crime or accident, etc. 

Indirect effects are secondary consequences of power failures, and can be 

th long term and short term. A few examples of short term losses include 
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looting during the outage or damage suits brought against the power company for 

losses due to the outage. A long term effect may be a migration of industry from 

the area with the lower level of reliability and the resulting consequences. 

There are many variables which influence the interruption costs, and they 

can be broadly classified as customer or interruption related. The more important 

variables which have been found to affect the costs include: 

(i) type of customer, 

(ii) duration of the interruption, 

(iii) frequency of the interruption, 

(iv) time of occurrence of the interruption, 

(v) advance notice for the interruption, 

(vi) severity of the interruption, and 

(vii) availability of the alternative supply. 

Most of these variables are self-explanatory. Perhaps the only exception is the 

severity of an interruption which is the extent of the service disruption, e.g. a 

complete blackout, or voluntary partial load curtailment in response to the utility's 

public appeal. The first two variables, the type of customer and the duration of an 

interruption are usually considered as primary variables in assessing interruption 

costs. 

2.3. Cost of Interruption Data 

It is a difficult task to quantify the cost associated with a power outage. 

Economic consequences of power cessation are often straightforward, with some 

exceptions such as injuries or loss of life. On the other hand, social effects and 

indirect effects are typically quite difficult to quantify in monetary terms. 

Depending on the approach, the latter effects are often neglected. 

Various approaches have been utilized to assess the cost of interruption 

va..ues. These include analytical methods, case studies, and customer surveys. 
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Each of these is discussed below. 

2.3.1. Analytical methods 

There exists a large number of methods which can be classified as 

analytical. Many of them utilize readily available secondary data such as global 

economic indices to measure interruption costs. Another group of methods is 

based on market analysis. 

Perhaps the best known analytical method utilizes the value of foregone 

production [8]. The estimates are based on the ratio of Gross National Product 

(GNP) and the consumption of electrical energy in the economy or in the given 

sector of economy. This method, though it is very simple in nature, and utilizes 

data which are easily accessible, has several shortcomings. It cannot address the 

non-producing sectors such as the residential sector. Further, it assumes a linear 

relationship between interruption costs and interruption duration. Perhaps the most 

significant drawback in this method results from the restriction of the losses to lost 

production. It is clear that in many industries such as continuous process plants 

the cost of lost production for certain scenarios may be negligible when compared 

with cost to restart the production or with losses associated with spoiled materials 

or products. In such industries, outages with even relatively short durations can 

cause excessive losses. 

Another analytical method which has been used to estimate the losses in the 

residential sector [9] is based on the consumer's labour-leisure choice and his/her 

income. The method suffers from restrictions imposed on the consumer by the 

environment; e.g. the consumer has often little choice regarding weekly working 

hours due to the union rules or other restrictions. Furthermore the method neglects 

members of the household without their own income. 

Another approach is based on cost of maintaining a backup source [10]. 

The interruption cost is assessed as the costs associated with purchase, installation, 



12 

and operation of a backup supply with sufficient capacity to satisfy the customer's 

demand. Even though this model is based on a sound micro-economics model, and 

a variation of this approach is used in this work, it has it's weaknesses. The major 

shortcoming results from the uncertainty associated with the prediction of the 

power system reliability level into the future since the purchase of a large power 

supply represents a long term investment. Environmental regulations may also be 

a significant constraint. 

Market-based methods [11,12,13] use data describing observed customer 

behaviour. An example is the analysis of customers' subscriptions to interruptible 

power rates. By examining the trade-offs between the expected reliability levels 

and the corresponding utility rates it is possible to find the monetary compensation 

necessary to maintain a consumer's indifference between the options. The major 

drawbacks of these otherwise very promising methods is that few utilities have 

introduced such a rate structure, that the scale of options is usually quite restricted, 

and that interruptible rates are not available to all types of consumers. Despite 

these deficiencies, the introduction of interruptible power rates represents a very 

significant step towards developing the reliability market which should 

subsequently yield more data for estimation of the value of power system 

reliability. 

2.3.2. Case studies 

The case studies approach attempts to estimate losses caused by an actual 

power interruption.. Both direct costs as well as indirect consequences are 

addressed. Results point out that a widespread blackout has typically more serious 

consequences than those caused by local power outages. For example, the study of 

th- 1977 New York blackout [14] considered a wide range of societal and 

organizational impacts together with the direct and indirect consequences of the 

power failure. A very important finding of this particular study was that the 

indirect costs (3.45 $/kWh) can significantly exceed the direct costs (0.66 $/kWh). 
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2.3.3. Customer surveys 

These methods are based on the assumption that the customer is in the best 

position to estimate the losses resulting from a power interruption. Survey 

questionnaires normally used to conduct these surveys typically include three types 

of questions: 

1. Questions seeking cost of interruptions for hypothetical scenarios. 

2. Questions investigating the effects of other variables (eg. time of 

interruption) on the cost of interruption. 

3. Demographic questions. 

Questions seeking cost of interruption estimates can be framed in a number 

of ways. Several common methodologies used to obtain this information are 

discussed below. 

One method is the direct estimation of the losses resulting from a given 

scenario. Respondents may be guided by a suggested breakdown of the overall 

cost into different components such as plant damage, raw material spoilage, 

start-up costs, production costs, etc. This approach is particularly suitable for 

customers with the majority of losses of an economic nature. 

A second method uses questions based on customer Willingness to Pay 

(WTP) and Willingness to Accept (WTA). Respondents are asked how much more 

they are willing to pay for having a more reliable power supply (WTP), or 

alternatively how much compensation they would expect to receive in exchange for 

a less reliable power supply (WTA). Theoretically speaking, these two methods 

should yield the same results, but they typically do not. This is probably due to a 

strategic bias of the customer arising from a concern that rates are already too high 

or are about to rise, or it may simply reflect the difference between the "bid" and 

"asked for" price. 
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A third method uses questions based on the economic principle of 

su•stitution (EPS) in which the evaluation of the replacement good is used as a 

m asure of worth of the original good. This approach has been used when social 

ef ects of interruption are expected to comprise a significant part of the overall 

in ierruption costs such as in the residential sector. One form of this approach is to 

of er respondents various "preparatory action" options to chose from in order to 

mitigate the effects of expected recurring interruptions. It is important to carefully 

se ect realistic options. These should range from doing nothing through to 

in talling a backup supply capable of handling the entire load. If proper care is 

no taken when formulating the questions, cost estimate figures may not properly 

re ect the extent to which the respondent is willing to mitigate the power failure 

co sequences. 

It should be appreciated that cost estimates obtained using direct estimation 

ar not theoretically identical with those obtained through WTP, WTA, or EPS 

ty e e of questions. Direct estimates are usually based on the present level of 

rely ability (frequency of interruptions). The others typically specify the frequency 

of interruptions explicitly, often at higher levels then are the actual present values, 

an furthermore imply a "steady state" situation when customers have time to 

ad ust themselves to new level of reliability. Considering the accepted definition 

of reliability worth it can be concluded that the WTP and WTA methods, and to a 

le ser extent the preparatory action approach, are targeted directly on the estimation 

of the reliability worth as opposed to the cost of interruption. Due to historical 

re sons this difference has not been recognized and WTP, WTA, and preparatory 

ac 'ion methods were merely looked upon as approximations to cost of interruption 

es mation. 

There is no doubt that customer surveys are an expensive and time 

co suming way of collecting cost of interruption data, but they are often given 

pr ference over the other methods. The survey approach can easily include the 

ef ct Of other variables such as timing, duration, and frequency of interruptions, 
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re i uires minimum assumptions, and can be tailored to suit a utility's needs. The 

d. a presented in this thesis is derived from the results of customer surveys. The 

e s ivalent backup method is used in its modified form in this thesis to investigate 

th effect of inherent bounds on customer survey estimates. 

2 4. Customer Damage Function 

th 

h. 

th 

It has been stated previously that the CCDF is a representative estimate of 

interruption costs in a given service area. Reasonably standard methodology 

s been developed for its generation. This methodology is briefly discussed in 

remainder of this chapter. 

2. .1. Identification of five sectors of the economy 

The variables affecting the cost of interruption can be either customer 

re ated or interruption related. One of the main customer related variables is the 

t e of customer. Five sectors have been identified for which data has been 

c e llected, namely: 

(i) Large Users Sector (Peak demand above 5000 kW), 

(ii) Industrial Sector (Peak demand below 5000 kW), 

(iii) Commercial Sector, 

(iv) Agricultural Sector, and 

(v) Residential Sector. 

In addition, each sector can be further subdivided into various groups and 

c tegories. Statistics Canada's Standard Industrial Classification (SIC) is normally 

u ed for this purpose because of its wide acceptance and availability. 

One of the most important interruption related variables is the duration of 

th- interruption. It is possible to obtain a function of interruption cost versus 

in erruption duration for any individual user or a particular group of customers. 

T 's is referred to as a Customer Damage Function (CDF). The cost may be a 

si ple average ($/respondent), or it may be normalized by the customer's annual 
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consumption of electricity ($/kWh), or by the customer's annual peak demand 

($/kW). Weighting is usually employed to combine individual or group costs for 

each duration to generate "representative" sector cost functions. When the costs of 

individual users of a particular SIC class are combined, SIC category CDF's result. 

Combination of SIC CDF's yields SIC Major Group CDF's which may be 

combined further to yield sector CDF's. The number of individual levels (and 

steps necessary to generate a CDF) depends to the large degree on the amount of 

data available (ie. how well individual groups are represented). In the final step, 

sector CDF's are combined to create the Composite Customer Damage Function 

(CCDF). This function represents the costs associated with interruptions as a 

function of duration for all users of a particular service area. 

2.4.2. Normalization process 

Simple average costs are often not sufficiently informative of proportions 

and relations between different customer and customer group costs because of the 

great diversity in the size of customers. Cost values are therefore often 

normalized. It is expected that the variation among consumers having similar 

characteristics will be significantly reduced through the normalization process. 

Two commonly used normalization variables are consumer's annual peak demand 

and consumer's annual consumption. The peak normalized values are of primary 

importance in studies pertaining to system planning and/or operating as many 

aspects of utility planning and design are based on demand and energy. It should 

be noted that the cost normalized by annual consumption ($/kWh) is not the cost 

of unserved energy, i.e.: "cost per kWh not supplied". The expected cost for 

energy not served is dependent on the power system reliability indices and has to 

be calculated taking these into consideration [1]. 

2.4.3. Cost of interruption calculation and weighting process 

A bottom-up approach is followed in the cost of interruption calculation for 

a given scenario and sector. This means that, for each scenario, the values of 
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interruption cost are calculated first at the smallest customer subcategory level, and 

successive combinations yield Major Group and Sector CDF's. 

The first step is to evaluate cost estimates for each interruption duration and 

for each individual SIC class. Simple means are used to calculate the average 

respondent interruption cost in a given category as shown in Equation 2.1. 

Similarly, peak demand normalized and annual consumption normalized values are 

calculated using aggregated averages as given in Equations 2.2 and 2.3. 

Average user's cost 
in jth SIC category 

=cost; —

Average user's peak-normalized 
cost in the jth SIC category 

k 

= (cost/kW); — 

k 

cost;

k 

E peak 
11=1 

Average user's consumption-normalized = (cost/kWh); — 
cost in the jth SIC category 

where 
j is SIC class index, 
k is number of responses in the ith group. 

k 

COSti 
1=1 

k 

I consi

(2.1) 

(2.2) 

(2.3) 

Subsequently, the SIC category values are weighted and summed to 

determine a "representative" customer damage function. A dependable statistical 

source or the actual utility consumption record, if available, is recommended for 

the calculation of weighting factors. This reduces the distortion in the sector cost 
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estimates that may be due to non-representative samples drawn from the population 

while conducting the survey. If the survey sample is representative of the group 

population and the entire population, sector cost estimates will be identical to those 

calculated using Equations 2.2 and 2.3. 

2.5. Summary 

This chapter has presented a theoretical discussion of the reliability worth 

evaluation, and its substitution by the cost of interruptions. The difficulties 

associated with estimation of all elements of interruption cost are discussed. An 

attempt has been made to categorize the methods used for cost of interruption 

assessment with a brief discussion of the merits and shortcomings of each. It 

should be appreciated that none of the methods discussed emerges as uniquely 

better than the others. However, it is expected that future development of the 

reliability market should provide more dependable estimates. At present, the 

se_ection of a "proper" method for any study depends to a large degree on the 

funds available. Customer surveys, though expensive, can easily incorporate 

effects of customer and interruption related variables, and are often given 

preference by power utility companies. A procedure commonly used to generate 

the CCDF is also described in this chapter. 
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3. AGRICULTURE SECTOR 

CUSTOMER DAMAGE FUNCTION 

Introduction 

le 

0 

Th 

de 

Estimation of interruption costs in the agriculture sector has received the 

t attention of the five sectors specified in chapter 2. The survey performed by 

tario Hydro was the first major study to document farm interruption costs [15]. 

magnitude of the results, however, raised some concerns about the 

ndability of these estimates. 

The gap in the cost of interruption data base was rectified by the 1985 

a culture sector survey conducted by the Power System Research Group at the 

University of Saskatchewan [4]. The project was sponsored by the Canadian 

Electrical Association (CEA). The survey was conducted on a large scale with 

participation of ten power utility companies from eight provinces: B.C. Hydro and 

West Kootenay (B.C.), TransAlta and Alberta Power (Alberta), SaskPower 

(Saskatchewan), Manitoba Hydro (Manitoba), Ontario Hydro (Ontario), Hydro 

Qi.ebec (Quebec), Nova Scotia Power (Nova Scotia) and Maritimes Electric 

(P E.I.). A total of 6020 usable responses was received, which represented a 

response rate of 36.6%. Statistics Canada 1981 Standard Industrial Classification 

was used for classification of respondents. 

3.2. Agriculture Sector Questionnaire Description 

The questions in the agriculture sector questionnaire can be broadly divided 

into three categories. Questions seeking interruption cost estimates are the core 

queries. A second type of question is used to determine the variation of the 

interruption estimates with the time of occurrence of the interruption. A third, 
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broad category of questions identifies major user characteristics including the user's 

opinions regarding electric service and interruptions, qualitative and use-related 

impacts of interruptions, demographic characteristics, and others. The questionnaire 

in its entirety is provided in Appendix A. 

The cost estimate questions are based on three approaches. Questions 

which use the economic principle of substitution (EPS) offers the respondents a 

range of possible actions to choose from in order to mitigate the effect of 

particular interruption scenarios. These actions vary from "doing nothing" to the 

purchase of a large power generator capable of supplying the user's entire demand. 

F ve interruption scenarios were considered: 20 minute, 1, 4, and 8 hour 

interruptions occurring once a month; and two 4 hour interruptions occurring 

monthly. This question is often referred to as the "preparatory action question" 

(question 6 in the questionnaire, Appendix A). 

The direct approach is an attempt to directly estimate the losses associated 

with an interruption of a given duration. Respondents are guided as to what to 

include in their losses by broad loss categories. The approach is targeted at the 

direct economic costs and therefore this question was asked only of those 

respondents who perceived their farming activities were affected more than their 

household activities. Scenarios included power failures with 1, 4, 8, and 24 hour 

durations. Respondents owning a backup unit were asked to estimate the losses 

without operating the unit; losses for the same durations but when using a backup 

were the subject of another question. As the direct approach question attempts to 

estimate the losses under the worst possible conditions for each user, these costs 

are often referred to as "the worst case costs" (question 9 in the questionnaire, 

Appendix A). 

The WTA question was formulated so as to obtain the user's estimate of the 

reduction in rates required in exchange for a deterioration of reliability to a 4 hour 

interruption occurring monthly. For this reason this question is sometimes referred 
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to as the "rate reduction question" (question 11 in the questionnaire, Appendix A). 

Cost variations with the time of the interruption were studied by means of 

two questions. The first question asked for worst month(s) and worst time(s) of 

day. The second question investigated variations of interruption cost relative to the 

cost reported for the worst month of the year. 

Questions identifying user characteristics included the following: 

(i) respondent's attitudes toward the utilities and the quality of the 

service, 

(ii) electrical heat usage, 

(iii) the degree of undesirable effect of power failures on various 

common household and farming activities, 

(iv) the area primarily affected by a power outage (farm or 

household), 

(v) availability, type, and size of a backup unit, 

(vi) user experience with interruptions, 

(vii) type of farm, 

(viii) size of farm, 

(ix) number of people working on the farm, 

(x) age of respondent, and 

(xi) respondent's sex. 

3.3. Agriculture Sector Customer Damage Function 

The objective of all questions seeking interruption cost estimates is to yield 

the monetary values representing the losses incurred by the user as a result of 

interruptions. However, with the exception of the direct cost approach, these 

values have to be calculated from the individual responses to the respective 

questions. The procedures described in Chapter 2 have to be used subsequently to 

calculate the agriculture sector CDF. 
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3.3.1. Preparatory action question cost estimates 

3.3.1.1. Calculation of monetary values from the preparatory action question 

The direct output of the preparatory action question is the user's selection of 

particular loss-mitigating action(s) for each scenario considered. The cost 

associated with each action, i.e. its shadow price, has to be known in order to 

ca_culate the monetary value representing the customer's interruption costs for each 

scenario. An indication of these costs was included in the description of all 

actions. 

The first possible action, to do nothing, indicates negligible costs and is 

therefore assigned a dollar value of zero. 

The wording of the next three actions includes associated costs specified on 

a -per hour basis. The calculation of per interruption costs for each scenario is thus 

simply a product of the value specified in the action description and the duration 

indicated in the scenario. 

The last three actions include the purchase of backup units of increasing 

capacity. Indications of the costs associated with each option are expressed in the 

form of an operating cost, capital cost, and expected lifespan of the backup. The 

"per interruption" cost for each scenario will therefore consist of two components: 

the operating cost and a portion of the capital cost (expressed on a per interruption 

basis) representing the depreciation of the unit. The operating cost may be 

calculated as a product of the value specified in the action description and the 

duration of the interruption. The determination of the portion representing the 

capital cost per interruption requires some assumptions regarding the lifetime of the 

backup. 
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It is obvious that the lifetime of the backup is a function of many variables 

such as the frequency of usage, the average duration of usage, quality of 

maintenance, operating conditions, etc. The first two are of primary importance 

and are specified in the scenarios, yet there is a problem of appropriately 

apportioning the capital cost. The values reported previously [4,6,16,171 were 

derived assuming that the lifetime of the backup is inversely proportional to its 

average usage. Fifteen hours of usage per year for the number of years specified 

in the action description was taken as the base for the calculations. This level of 

usage corresponds essentially to the one hour a month interruption scenario. It can 

be argued that such an approach generates cost estimates which become 

progressively too high as the annual backup usage rises above the one hour 

monthly base value and becomes progressively too low for usage less than the base 

value (which implies an essentially infinite lifetime for momentary interruption 

durations). Using this approach raises a further question: why were costs not 

assigned in the questionnaire on an hourly basis as it had been done in the 

residential sector preparatory action question, since this would have resulted in a 

straightforward cost assessment? In fact, this approach had been used during the 

early developmental versions of the questionnaire. Feedback from respondents 

during developmental field trials for the questionnaire consistently suggested that 

the questions should be modified to statements of capital cost, operating cost, and 

expected lifetime. This type of costing is apparently more meaningful to 

agriculture sector users than when hourly costs were stated. It however presents 

the difficulty of assessing capital costs to the various scenarios and introduces 

some uncertainty about the respondent's perception of these costs. 

An alternative and more realistic method of assigning costs to the 

preparatory action question responses is to assume that backup lifetime is only 

marginally affected by the amount of usage for the range of scenarios specified in 

the questionnaire and thus can be considered to be constant. The assumption of a 

fixed lifetime can be interpreted as a lifespan based on obsolescence rather than on 

usage. Perhaps an even more important argument for using the assumption of a 



24 

co stain generator lifespan is that the respondents likely perceived the lifespan of 

th generator to be constant and independent of usage because the wording of the 

pr paratory action description gives that impression. This gives rise to Equation 

3. which yields costs expressed on a per interruption basis. This is identical to a 

pe month basis except for the twice monthly 4 hour interruption scenario. 

C = Co D +
N 

(3.1) 

where 
C is the cost per interruption associated with a given preparatory 

action and a specified interruption duration [$/interruption], 
Co is the hourly operating cost [$/hour], 
D is the interruption duration [hours], 
C. is the capital cost [$], 
N is the number of uses during the lifespan. 

This determination of preparatory cost estimates does not include the 

opportunity cost resulting from the purchase of the backup unit instead of using the 

fu ds for some other investment option. The opportunity cost is essentially the 

di ference between the future worth of an investment in terms of present dollars 

the amount of the present investment. In this instance, future worth is 

d ermined at the end of the equipment lifespan. Preparatory action cost estimates 

in luding opportunity cost can be calculated on the basis of inflation and nominal 

in erest which, in turn, may be transformed into real rates as shown in Equation. 

3. [18]. 

• • 

C — 

[ n k=n 1.  (1 +r ni k (1+1;l 
Co, 

k=1 +p) (l+p)] 

k=n 

I Coo(l+rr)k (l+r,.)n 
k=1 

(3.2) 
N N N N 

where 
ro is the nominal (interest) rate, 
p is the inflation rate, 
rr is the real rate: 1+r0 = (l+p)(1+4), 
n is the device lifespan [years], 
Co, is the annual operating cost in current year: Coo=12 CoD. 
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A crucial factor in the action cost calculation which includes opportunity 

cost is the estimate of the real rate. The variation of calculated preparatory action 

costs, for each preparatory action involving a backup purchase, with the variation 

of the real rate is shown in Figure 3.1. The long time average of 3% is typically 

considered to be a conservative estimate of the real rate for safe investments [19]. 

Another method of amortizing the capital cost of the backup is to use a 

capital recovery factor. This factor represents the depreciation of the equipment on 

a yearly basis using the uniform series of cash flow principle. Determination of 

th- capital recovery factor is achieved by means of Equation 3.3. Using this 

method and an interest rate of approximately 6% yields results similar to those 

obtained using the previous method and a real rate of 3%. 

i(l+i)n 
A = C,   (3.3) 

(1+i)n-1 

where 
A is the annual capital recovery factor ($/year), 
i is the interest rate. 

Though it is difficult to know the respondent's reasoning, there is an 

indication that agriculture respondents would in fact consider the backup purchase 

options as a form of investment. This indication results from pilot survey 

respondents' clear preference for the action description used in the questionnaire 

rather than overall equivalent hourly rates as described earlier in this chapter. 

33.1.2. Preparatory action question customer damage function 

The preparatory action cost estimates were calculated using the methodology 

described in Chapter 2. Individual actions were assigned monetary values using 

Equation 3.2 and a 3% real rate. All available responses were used including 

those with the preparatory action question answered only partially. A check for 
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consistency was performed to identify respondents who indicated higher 

interruption costs for shorter durations then for longer durations. In these cases, 

the estimates corresponding to the shorter durations were discarded and considered 

to be missing. The resulting values are shown in Table 3.1. This table lists 

respondent's average cost estimates per interruption, average cost estimates 

normalized by the user's annual consumption ($/MWh), and average cost estimates 

normalized by the user's annual peak demand ($/kW), with respective sample sizes 

in parenthesis. All estimates are in 1985 Canadian dollars. Only users with 

known annual consumption are included in the calculation of normalized values. 

Actual annual peak demand values are used for demand customers while average 

SIC-specific load factors obtained from 1983 Ontario Hydro's Rural Farm Rate 

customer's records were used for non-demand customers when calculating demand 

normalized cost estimates [4]. 

The "All Farms" values are weighted averages of all SIC classes and 

therefore form an agriculture sector CDF. Weighing factors shown in Table 3.2 

were used. These factors reflect Canada's relative energy consumption among SIC 

classes as derived from the Statistics Canada's information on electricity sales, 

since actual consumption data by SIC class was not available. 

Figure 3.2 shows the comparison of the sector CDF previously reported 

with the CDF calculated from Equation 3.2 and using various real rates. Notice 

that the one hour interruption cost from the previous work is essentially the same 

as the one hour cost using the present method and a real rate of 0%. 

3.3.2. Worst case cost estimates 

The number of usable responses to the worst case cost question is 

considerably less than that of the preparatory action cost question. This reduction 

resulted because users were instructed to bypass the worst case cost question if 

they perceived their household activities to be affected more than their farming 

activities. As a result, the number of possible responses decreased to 3671. The 
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Ta ble 3.1: Cost estimates derived from the preparatory action cost 
question in 1985 Canadian dollars. All scenarios and cost 
estimates are on a per month basis. This is equivalent to a per 
interruption basis, except for the "two 4 hour" scenario where 
entries must be halved to obtain per interruption costs. Values 
in the "All Farms" category are weighted averages. Values in 
parenthesis are sample sizes. 

SIC Class 

Duration 

Interruption Cost Estimates 

$/respondent $/MWh $/kW 

SIC Unknown 
20 minute 4.42 (236) 0.122 (171) 0.21 (171) 
1 hour 6.73 (231) 0.144 (166) 0.256 (166) 
4 hour 25.68 (234) 0.545 (170) 0.966 (170) 
8 hour 59.17 (229) 1.315 (165) 2.325 (165) 

two 4 hour 58.31 (235) 1.283 (170) 2.274 (170) 
SIC 111 Dairy 
20 minute 8.74 (631) 0.150 (532 0.343 (532) 
1 hour 18.53 (619) 0.329 (521 0.752 (521) 
4 hour 62.73 (625) 1.099 (526 2.511 (526) 
8 hour 114.35 (621) 1.950 (523 4.454 (523) 

two 4 hour 110.48 (630) 1.919 (531 4.384 (531) 
SIC 112 Cattle 
20 minute 3.62 (737) 0.125 (588) 0.241 (588) 
1 hour 8.33 (731) 0.273 (583) 0.526 (583) 
4 hour 32.32 (736) 1.009 (587) 1.946 (587) 
8 hour 72.74 (730) 2.380 (583) 4.584 (583) 

two 4 hour 66.47 (734) 2.127 (585) 4.101 (585) 
SIC 113 Hog 
20 minute 12.00 (460) 0.134 (378) 0.429 (378) 
1 hour 23.03 (454) 0.271 (373) 0.864 (373) 
4 hour 65.19 (455) 0.733 (374) 2.329 (374) 
8 hour 112.99 (452) 1.245 (373) 3.972 (373) 

two 4 hour 110.01 (459) 1.223 (377) 3.902 (377) 
SIC 114 Poultry & Egg 
20 minute 39.45 (422) 0.488 (364) 1.417 (364) 
1 hour 59.01 (421) 0.724 (363) 2.104 (363) 
4 hour 102.32 (413) 1.245 (355) 3.619 (355) 
8 hour 147.46 (417) 1.802 (360) 5.240 (360) 

two 4 hour 144.75 (421) 1.780 (363) 5.175 (363) 
(continued) 
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SIC Class Interruption Cost Estimates 

Duration $/respondent $/MWh $/kW 

SIC 115 Sheep & Goat 
20 minute 0.12 (422) 
1 hour 1.00 ( 22) 
4 hour 20.95 ( 22) 
8 hour 59.77 ( 21) 

two 4 hour 54.07 ( 22) 
SIC 119 Livestock Combination 

0.008 
0.071 
1.204 
2.955 
2.718 

( 14) 
( 14) 
( 14) 
( 14) 
( 14) 

0.018 
0.150 
2.531 
6.212 
5.714 

( 14) 
( 14) 
( 14) 
( 14) 
( 14) 

20 minute 11.52 (287) 0.137 (218) 0.317 (218) 
1 hour 19.79 (284) 0.232 (216) 0.536 (216) 
4 hour 49.58 (281) 0.581 (214) 1.341 (214) 
8 hour 94.02 (284) 1.084 (217) 2.504 (217) 

two 4 hour 88.44 (284) 1.029 (217) 2.378 (217) 
SIC 122 Horse 
20 minute 1.24 ( 31) 0.072 ( 25) 0.136 ( 25) 
1 hour 1.76 ( 31) 0.100 ( 25) 0.189 ( 25) 
4 hour 16.47 ( 31) 0.810 ( 25) 1.528 ( 25) 
8 hour 52.82 ( 30) 2.732 ( 24) 5.152 ( 24) 

two 4 hour 51.93 ( 31) 2.630 ( 25) 4.961 ( 25) 
SIC 123 Furs & Skins 
20 minute 1.26 ( 39) 0.034 ( 29) 0.096 ( 29) 
1 hour 1.73 ( 39) 0.044 ( 29) 0.124 ( 29) 
4 hour 26.67 ( 39) 0.647 ( 29) 1.818 ( 29) 
8 hour 84.07 ( 39) 2.053 ( 29) 5.766 ( 29) 

two 4 hour 68.37 ( 39) 1.652 ( 29) 4.640 ( 29) 
SIC 129 Other Animal Specialties 
20 minute 2.70 ( 42) 0.163 ( 35) 0.398 ( 35) 
1 hour 5.56 ( 42) 0.326 ( 35) 0.797 ( 35) 
4 hour 29.54 ( 41) 1.567 ( 34) 3.805 ( 34) 
8 hour 58.29 ( 42) 3.093 ( 35) 7.568 ( 35) 

two 4 hour 58.60 ( 42) 3.118 ( 35) 7.630 ( 35) 
SIC 131 Wheat 
20 minute 1.62 (310) 0.055 (249) 0.092 (249) 
1 hour 3.55 (305) 0.118 (245) 0.198 (245) 
4 hour 24.94 (302) 0.944 (242) 1.580 (242) 
8 hour 59.57 (297) 2.319 (239) 3.875 (239) 

two 4 hour 54.93 (304) 2.100 (244) 3.516 (244) 
SIC 132 Small Grains 
20 minute 2.63 (178) 0.119 (139) 0.083 (139) 
1 hour 4.80 (176) 0.213 (137) 0.149 (137) 
4 hour 26.11 (176) 1.048 (137) 0.736 (137) 
8 hour 63.55 (177) 2.436 (138) 1.710 (138) 

two 4 hour 58.73 (176) 2.271 (137) 1.594 (137) 
(continued) 



31 

SIC Class Interruption Cost Estimates 

Duration $/respondent $/MWh $/kW 

SIC 133 Oilseed 
20 minute 0.11 ( 24) 0.007 ( 17) 0.015 ( 17) 
1 hour 5.04 ( 24) 0.343 ( 17) 0.722 ( 17) 
4 hour 26.05 ( 23) 1.726 ( 16) 3.628 ( 16) 
8 hour 60.91 ( 24) 3.887 ( 17) 8.172 ( 17) 

two 4 hour 57.94 ( 24) 3.669 ( 17) 7.713 ( 17) 
SIC 134 Corn 
20 minute 3.14 ( 40) 0.163 ( 32) 0.135 ( 32) 
1 hour 4.34 ( 40) 0.224 ( 32) 0.186 ( 32) 
4 hour 19.72 ( 40) 0.864 ( 32) 0.715 ( 32) 
8 hour 48.68 ( 40) 2.088 ( 32) 1.728 ( 32) 

two 4 hour 45.26 ( 40) 1.925 ( 32) 1.593 ( 32) 
SIC 135 Hay 
20 minute 0.08 ( 26) 0.001 ( 18) 0.005 ( 18) 
1 hour 5.16 ( 25) 0.089 ( 18) 0.413 ( 18) 
4 hour 19.35 ( 26) 0.279 ( 18) 1.292 ( 18) 
8 hour 46.98 ( 26) 0.688 ( 18) 3.188 ( 18) 

two 4 hour 40.17 ( 26) 0.591 ( 18) 2.736 ( 18) 
SIC 137 Tobacco 
20 minute 9.60 ( 97) 0.188 ( 73) 0.194 ( 73) 
1 hour 15.68 ( 96) 0.335 ( 72) 0.346 ( 72) 
4 hour 56.61 ( 97) 1.385 ( 73) 1.429 ( 73) 
8 hour 112.96 ( 97) 2.749 ( 73) 2.835 ( 73) 

two 4 hour 104.47 ( 97) 2.511 ( 73) 2.590 ( 73) 
SIC 138 Potato 
20 minute 3.67 (108) 0.057 ( 90) 0.063 ( 90) 
1 hour 6.64 (104) 0.110 ( 86) 0.122 ( 86) 
4 hour 31.47 (105) 0.619 ( 89) 0.690 ( 89) 
8 hour 84.55 (104) 1.687 ( 87) 1.877 ( 87) 

two 4 hour 86.16 (107) 1.729 ( 89) 1.929 ( 89) 
SIC 139 Other Crops 
20 minute 0.33 ( 12) 0.027 ( 9) 0.052 ( 9) 
1 hour 2.29 ( 12) 0.246 ( 9) 0.465 ( 9) 
4 hour 15.65 ( 11) 2.120 ( 8) 4.012 ( 8) 
8 hour 34.25 ( 12) 5.171 ( 9) 9.789 ( 9) 

two 4 hour 27.97 ( 12) 3.937 ( 9) 7.454 ( 9) 
SIC 141 Crop Combination 
20 minute 2.57 (606) 0.072 (484) 0.088 (484) 
1 hour 5.20 (599) 0.165 (480) 0.200 (480) 
4 hour 24.95 (595) 0.865 (476) 1.050 (476) 
8 hour 62.80 (597) 2.178 (478) 2.644 (478) 

two 4 hour 57.06 (600) 1.979 (480) 2.403 (480) 
(continued) 
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SIC Class Interruption Cost Estimates 

Duration $/respondent $/MWh $/kW 

SIC 151 Fruit 
20 minute 4.45 (184) 0.103 (144) 0.195 (144) 
1 hour 7.10 (183) 0.193 (143) 0.365 (143) 
4 hour 21.83 (183) 0.774 (143) 1.462 (143) 
8 hour 53.92 (183) 2.149 (143) 4.058 (143) 

two 4 hour 49.06 (183) 1.942 (143) 3.667 (143) 
SIC 152 Vegetable 
20 minute 8.15 (119) 0.238 ( 93) 0.544 ( 93) 
1 hour 10.29 (115) 0.295 ( 89) 0.674 ( 89) 
4 hour 30.42 (117) 0.837 ( 91) 1.912 ( 91) 
8 hour 69.92 (116) 1.946 ( 90) 4.445 ( 90) 

two 4 hour 65.32 (117) 1.820 ( 91) 4.158 ( 91) 
SIC 159 Fruit & Vegetable Combination 
20 minute 2.47 ( 67) 0.101 ( 51) 0.194 ( 51) 
1 hour 6.41 ( 65) 0.315 ( 49) 0.607 ( 49) 
4 hour 26.89 ( 67) 1.187 ( 51) 2.284 ( 51) 
8 hour 63.17 ( 67) 2.657 ( 51) 5.115 ( 51) 

two 4 hour 60.04 ( 67) 2.584 ( 51) 4.974 ( 51) 
SIC 161 Mushroom 
20 minute 0.31 ( 7) 0.000 ( 2) 0.000 ( 2) 
1 hour 3.08 ( 6) 0.081 ( 2) 0.094 ( 2) 
4 hour 28.04 ( 7) 0.401 ( 2) 0.467 ( 2) 
8 hour 92.20 ( 7) 1.156 ( 2) 1.348 ( 2) 

two 4 hour 111.53 ( 7) 1.156 ( 2) 1.348 ( 2) 
SIC 162 Greenhouse 
20 minute 42.36 (225) 0.347 (172) 0.991 (172) 
1 hour 56.68 (223) 0.467 (170) 1.337 (170) 
4 hour 98.51 (221) 0.809 (168) 2.316 (168) 
8 hour 142.75 (223) 1.173 (171) 3.354 (171) 

two 4 hour 144.50 (225) 1.194 (172) 3.413 (172) 
SIC 163 Nursery 
20 minute 7.72 ( 62) 0.209 ( 48) 0.350 ( 48) 
1 hour 12.22 ( 62) 0.323 ( 48) 0.543 ( 48) 
4 hour 39.02 ( 61) 1.151 ( 47) 1.920 ( 47) 
8 hour 76.63 ( 61) 2.091 ( 47) 3.514 ( 47) 

two 4 hour 76.57 ( 62) 2.062 ( 48) 3.463 ( 48) 
SIC 169 Other Horticulture 
20 minute 7.94 ( 13) 0.754 ( 6) 0.949 ( 6) 
1 hour 9.27 ( 13) 0.848 ( 6) 1.067 ( 6) 
4 hour 34.71 ( 13) 2.131 ( 6) 2.683 ( 6) 
8 hour 61.65 ( 13) 3.929 ( 6) 4.945 ( 6) 

two 4 hour 56.00 ( 13) 3.757 ( 6) 4.729 ( 6) 
(continued) 
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SIC Class 

Duration 

Interruption Cost Estimates 

$/respondent $/MWh $/kW 

SIC 171 Stock, Crop & Horticulture Combination 
20 minute 5.64 (551) 0.132 (419) 0.195 (419) 
1 hour 12.23 (541) 0.285 (414) 0.416 (414) 
4 hour 38.05 (541) 0.945 (414) 1.375 (414) 
8 hour 76.50 (540) 1.847 (412) 2.706 (412) 

two 4 hour 73.10 (546) 1.777 (416) 2.620 (416) 
All Farms 
20 minute 8.67 (5300) 0.149 (4229) 0.331 (4229) 
1 hour 15.50 (5232) 0.284 (4176) 0.625 (4176) 
4 hour 46.22 (5228) 0.989 (4181) 1.988 (4181) 
8 hour 88.80 (5220) 2.056 (4171) 3.969 (4171) 
two 4 hour 84.65 (5268) 1.930 (4204) 3.750 (4204) 

Table 3.2: Weighting factors used in the calculation of the "All Farm" values. 

SIC Class Weight 

.7, 

111 
112 
113 
114 
115 
119 

Dairy 
Cattle 
Hog 
Poultry & Egg 
Sheep & Goat 
Livestock Combination 

0.2412 
0.1844 
0.1141 
0.0841 
0.0076 
0.0384 

122 Horse 0.0139 
123 Furs & Skins 0.0035 
129 Other Animal Specialties 0.0065 
131 Wheat 0.0051 
132 Small Grains 0.0513 
133 Oilseed 0.0213 
134 Corn 0.0531 
135 Hay 0.0092 
137 Tobacco 0.0400 
138 Potato 0.0073 
139 Other Crops 0.0015 
141 Crop Combination 0.0025 
151 Fruit 0.0280 
152 Vegetable 0.0241 
159 Fruit & Vegetable Combination 0.0011 
161 Mushroom Not Available 
162 Greenhouse 0.0365 
163 Nursery 0.0072 
169 Other Horticulture 0.0006 
171 Stock, Crop & Horticulture Combination 0.0157 
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number of responses with the worst case cost question answered at least partially is 

shown in Table 3.3. 

Table 3.3: Relative response rate to the worst case cost question. 

Duration 1 hour 4 hour 8 hour 24 hour 
Number of 
Respondents 1020 1841 2214 2492 
Relative 
Response Rate 27.8% 50.1% 60.3% 67.9% 

This table indicates that many respondents did not respond to shorter 

duration scenarios. It is unclear whether this should be interpreted as meaning that 

many had negligible losses for scenarios with shorter duration and simply omitted 

to fill in zero, or whether they had difficulties assessing their losses for shorter 

durations. Due to the apparent uncertainties involved in the former assumption it 

has been decided to include only completely answered questions in the analysis. 

The actual calculation of monetary estimates consisted solely of summing 

the estimates of losses in the five areas of farming activities specified in the 

questionnaire. A check for consistency was performed to exclude responses which 

indicated higher losses for shorter durations than for longer durations. This 

reduced the number of responses to 820, which represents a relative response rate 

of 2270,. Respondents owning a backup unit were asked to consider losses without 

running it. The investigation of the losses incurred by owners of a backup unit 

while this unit would be in operation was the subject of another part of the 

question. The resulting cost estimates while not using backup as well as with it in 

operation are shown in Table 3.4./ The "All Farms" cost estimates were calculated 

for the reduced sample of 820 and also for all responses with incompletely 

answered worst case cost ques ons. Only the cost estimates derived from the 

reduced sample are shown on th individual SIC level. 
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Table 3.4: Cost estimates derived from the worst case cost question 
in 1985 $. 

SIC Class 

Duration 

Interruption Cost Estimates 

$/respondent $/MWh $/kW 

Unknown 
1 hour 21604.29 ( 14) 34.50 ( 9) 30.09 ( 9) 
4 hour 23530.00 ( 14) 69.73 ( 9) 60.81 ( 9) 
8 hour 24107.50 ( 14) 71.24 ( 9) 62.13 ( 9) 

24 hour 25966.43 ( 14) 95.13 ( 9) 82.96 ( 9) 
111 Dairy 
1 hour 488.14 (105) 7.84 ( 92) 17.89 ( 92) 
4 hour 996.06 (105) 15.15 ( 92) 34.55 ( 92) 
8 hour 2599.36 (105) 36.97 ( 92) 84.33 ( 92) 

24 hour 6114.90 (105) 85.89 ( 92) 195.92 ( 92) 
112 Cattle 
1 hour 106.33 ( 61) 2.76 ( 48) 5.49 ( 48) 
4 hour 2618.66 ( 61) 79.07 ( 48) 157.01 ( 48) 
8 hour 3245.51 ( 61) 95.74 ( 48) 190.10 ( 48) 

24 hour 5811.41 ( 61) 170.08 ( 48) 337.71 ( 48) 
113 Hog 
1 hour 15360.35 ( 94) 149.25 ( 76) 488.28 ( 76) 
4 hour 31700.40 ( 94) 328.80 ( 76) 1075.68 ( 76) 
8 hour 46257.39 ( 94) 479.94 ( 76) 1570.16 ( 76) 

24 hour 64954.51 ( 94) 650.95 ( 76) 2129.64 ( 76) 
114 Poultry and Egg 
1 hour 31483.26 (145) 340.76 (132) 1050.88 (132) 
4 hour 54608.39 (145) 571.56 (132) 1762.65 (132) 
8 hour 66738.57 (145) 705.82 (132) 2176.71 (132) 

24 hour 82842.61 (145) 885.91 (132) 2732.09 (132) 
119 Sheep and Goat 
1 hour 16111.52 ( 48) 75.74 ( 39) 176.93 ( 39) 
4 hour 33717.13 ( 48) 198.87 ( 39) 464.55 ( 39) 
8 hour 59123.71 ( 48) 372.92 ( 39) 871.11 ( 39) 

24 hour 87740.48 ( 48) 583.03 ( 39) 1361.91 ( 39) 
122 Livestock Comb. 
1 hour 20.00 ( 3) 0.32 ( 1) 0.60 ( 1) 
4 hour 40.00 ( 3) 0.32 ( 1) 0.60 ( 1) 
8 hour 56.67 ( 3) 1.27 ( 1) 2.40 ( 1) 

24 hour 1913.33 ( 3) 1.91 ( 1) 3.60 ( 1) 
123 Horse 
1 hour 47.60 ( 5) 1.19 ( 4) 3.22 ( 4) 
4 hour 390.40 ( 5) 13.40 ( 4) 36.24 ( 4) 
8 hour 7273.60 ( 5) 310.56 ( 4) 839.80 ( 4) 

24 hour 32602.80 ( 5) 1400.62 ( 4) 3787.45 ( 4) 
(continued) 
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SIC Class 

Duration 

Interruption Cost Estimates 

$/respondent $/MWh $/kW 

129 Furs and Skin 
1 hour 307.50 ( 6) 9.91 ( 6) 32.21 ( 6) 
4 hour 790.83 ( 6) 25.49 ( 6) 82.84 ( 6) 
8 hour 1765.00 ( 6) 56.90 ( 6) 184.88 ( 6) 

24 hour 6488.33 ( 6) 209.16 ( 6) 679.64 ( 6) 
131 Other Animal Specialities 
1 hour 139.80 ( 15) 2.91 ( 13) 3.56 ( 13) 
4 hour 678.20 ( 15) 14.16 ( 13) 17.32 ( 13) 
8 hour 1458.07 ( 15) 30.34 ( 13) 37.11 ( 13) 

24 hour 2992.73 ( 15) 62.30 ( 13) 76.21 ( 13) 
132 Small Grains 
1 hour 2510.23 ( 13) 83.34 ( 9) 60.72 ( 9) 
4 hour 6364.46 ( 13) 210.31 ( 9) 153.22 ( 9) 
8 hour 7415.85 ( 13) 243.12 ( 9) 177.12 ( 9) 

24 hour 8887.54 ( 13) 286.07 ( 9) 208.41 ( 9) 
133 Oilseed 
1 hour 676.67 ( 3) 1.12 ( 1) 2.35 ( 1) 
4 hour 5038.33 ( 3) 5.03 ( 1) 10.57 ( 1) 
8 hour 5068.33 ( 3) 10.06 ( 1) 21.14 ( 1) 

24 hour 5116.67 ( 3) 13.97 ( 1) 29.37 ( 1) 
134 Corn 
1 hour 550.00 ( 1) 45.47 ( 1) 36.92 ( 1) 
4 hour 102200 ( 1) 8449.06 ( 1) 6861.08 ( 1) 
8 hour 204400 ( 1) 16898.1 ( 1) 13722.2 ( 1) 

24 hour 413400 ( 1) 34176.5 ( 1) 27753.1 ( 1) 
135 Hay 
1 hour 28.00 ( 1) missing missing 
4 hour 112.00 ( 1) missing missing 
8 hour 224.00 ( 1) missing missing 

24 hour 448.00 ( 1) missing missing 
137 Tobacco 
1 hour 4566.90 ( 31) 100.92 ( 26) 109.83 ( 26) 
4 hour 18967.94 ( 31) 514.76 ( 26) 560.23 ( 26) 
8 hour 36223.16 ( 31) 994.81 ( 26) 1082.67 ( 26) 

24 hour 46224.00 ( 31) 1276.88 ( 26) 1389.65 ( 26) 
138 Potato 
1 hour 352.12 ( 26) 1.69 ( 18) 2.17 ( 18) 
4 hour 2769.23 ( 26) 19.93 ( 18) 25.62 ( 18) 
8 hour 19512.23 ( 26) 183.07 ( 18) 235.38 ( 18) 

24 hour 89473.27 ( 26) 671.13 ( 18) 862.89 ( 18) 
(continued) 
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SIC Class 

Duration 

Interruption Cost Estimates 

$/respondent $/MWh $/kW 

139 Other Crops 
1 hour 5.00 ( 1) 0.54 ( 1) 1.02 ( 1) 
4 hour 20.00 ( 1) 2.15 ( 1) 4.07 ( 1) 
8 hour 40.00 ( 1) 4.30 ( 1) 8.15 ( 1) 

24 hour 75.00 ( 1) 8.07 ( 1) 15.27 ( 1) 
141 Crop Combinations 
1 hour 5300.67 ( 55) 30.09 ( 44) 36.19 ( 44) 
4 hour 7631.09 ( 55) 49.66 ( 44) 59.72 ( 44) 
8 hour 9912.20 ( 55) 81.06 ( 44) 97.48 ( 44) 

24 hour 25163.15 ( 55) 409.43 ( 44) 492.37 ( 44) 
151 Fruit 
1 hour 5390.20 ( 10) 161.88 ( 7) 312.86 ( 7) 
4 hour 10800.80 ( 10) 329.13 ( 7) 636.08 ( 7) 
8 hour 30996.60 ( 10) 953.38 ( 7) 1842.55 ( 7) 

24 hour 41818.60 ( 10) 974.15 ( 7) 1882.69 ( 7) 
152 Vegetable 
1 hour 15803.13 ( 8) 266.51 ( 4) 681.08 ( 4) 
4 hour 18216.50 ( 8) 274.10 ( 4) 700.50 ( 4) 
8 hour 19008.00 ( 8) 285.24 ( 4) 728.96 ( 4) 

24 hour 22056.50 ( 8) 308.57 ( 4) 788.57 ( 4) 
159 Fruit and Vegetable 
1 hour 1348.00 ( 5) 30.28 ( 5) 58.97 ( 5) 
4 hour 8682.00 ( 5) 195.03 ( 5) 379.80 ( 5) 
8 hour 11354.00 ( 5) 255.05 ( 5) 496.69 ( 5) 

24 hour 15528.00 ( 5) 348.81 ( 5) 679.29 ( 5) 
161 Mushrooms 
1 hour 90.00 ( 3) 0.33 ( 1) 0.51 ( 1) 
4 hour 2343.33 ( 3) 13.59 ( 1) 21.24 ( 1) 
8 hour 6686.67 ( 3) 51.74 ( 1) 80.86 ( 1) 

24 hour 18733.33 ( 3) 81.87 ( 1) 127.94 ( 1) 
162 Greenhouse 
1 hour 63486.74 ( 76) 656.75 ( 60) 1820.20 ( 60) 
4 hour 84005.70 ( 76) 907.53 ( 60) 2515.26 ( 60) 
8 hour 99401.13 ( 76) 1118.12 ( 60) 3098.93 ( 60) 

24 hour 117390 ( 76) 1358.39 ( 60) 3764.86 ( 60) 
163 Nursery 
1 hour 44582.73 ( 15) 227.77 ( 10) 397.29 ( 10) 
4 hour 49336.67 ( 15) 284.75 ( 10) 496.70 ( 10) 
8 hour 54545.00 ( 15) 345.50 ( 10) 602.65 ( 10) 

24 hour 59955.00 ( 15) 418.55 ( 10) 730.07 ( 10) 
(continued) 
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SIC Class Interruption Cost Estimates 

Duration $/respondent $/MWh $/kW 

169 Other Horticulture 
1 hour 216.50 ( 2) 
4 hour 791.00 ( 2) 
8 hour 1682.00 ( 2) 

24 hour 4050.00 ( 2) 
171 Livestock and Crop Combination 
1 hour 
4 hour 
8 hour 

24 hour 
Unweighed 
1 hour 
4 hour 
8 hour 

24 hour 
All Farms 
1 hour 
4 hour 
8 hour 

24 hour 
All Farms 
1 hour 
4 hour 
8 hour 

24 hour 
All Farms 
1 hour 
4 hour 
8 hour 

24 hour 

8.66 
31.65 
67.30 

162.05 

16601.20 ( 74) 343.23 
28411.16 ( 74) 664.15 
40033.43 ( 74) 950.18 
60356.89 ( 74) 1535.90 

averages 
17724.69 (820) 210.41 
29194.86 (820) 368.32 
39158.15 (820) 507.53 
54456.25 (820) 707.76 

9051.68 
21719.95 
33691.75 
53451.40 

(820) 
(820) 
(820) 
(820) 

105.92 
665.86 

1222.15 
2269.36 

( 2) 
( 2) 
( 2) 
( 2) 

( 55) 
( 55) 
( 55) 
( 55) 

(664) 
(664) 
(664) 
(664) 

22.20 
81.12 

172.50 
415.36 

720.52 
1394.21 
1994.64 
3224.21 

470.90 
824.31 

1135.86 
1583.98 

(664) 277.19 
(664) 890.83 
(664) 1484.61 
(664) 2512.48 

(including incompletely answered responses) 
8923.68 (839) 96.07 (681) 255.95 

15620.02 (1646) 268.87 (1336) 544.06 
20237.71 (2074) 360.57 (1693) 713.17 
31386.73 (2492) 608.56 (2028) 1138.46 

(with backup running; op. cost + losses) 
23.26 (1055) 0.41 (896) 0.82 
86.14 (1182) 1.34 (992) 2.63 

219.37 (1256) 3.70 (1059) 6.55 
993.85 (1337) 20.47 (1128) 39.40 

( 2) 
( 2) 
( 2) 
( 2) 

( 55) 
( 55) 
( 55) 
( 55) 

(664) 
(664) 
(664) 
(664) 

(664) 
(664) 
(664) 
(664) 

(681) 
(1336) 
(1693) 
(2028) 

(896) 
(992) 

(1059) 
(1128) 

3.3.3. Rate reduction cost estimates 

A total of 4493 responses was received with the rate reduction question 

answered. This represents a lower response rate than for the preparatory action 

qv.estion. This may indicate that respondents found estimating their WTA in the 

form of rate reduction more difficult than choosing appropriate preparatory actions 

from the list of suggestions. Another factor which might contribute to the lower 

response rate is its position in the questionnaire as the last of the three cost 
15 
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estimating questions. The direct output of this question was the respondent's 

indication of the minimum acceptable reduction in their monthly bills in exchange 

for a specific deterioration in power system reliability. A five point scale was 

provided, offering 5, 10, 25, 50, and 75% reduction in rates. Monetary values 

were calculated from these responses using information of the customer's average 

consumption and the utility's rate structure. Resulting values are shown in 

Table 3.5. 

Table 3.5: Rate reduction cost estimates in 1985 Canadian $. 

SIC 

Interruption Cost Estimates 

$/respondent S/MWh $/kW 
62.57 ( 108) 1.38 ( 106) 2.36 ( 106) 

111 84.95 ( 381) 1.56 ( 362) 3.54 ( 362) 
112 44.33 ( 422) 1.60 ( 395) 3.31 ( 395) 
113 117.49 ( 260) 1.34 ( 247) 4.26 ( 247) 
114 126.10 ( 208) 1.63 ( 199) 4.91 ( 199) 
115 50.13 ( 9) 2.08 ( 8) 4.37 ( 8) 
119 92.69 ( 164) 1.08 ( 148) 2.46 ( 148) 
122 35.08 ( 24) 1.77 ( 21) 3.33 ( 21) 
123 48.65 ( 27) 1.19 ( 24) 3.19 ( 24) 
129 34.10 ( 22) 2.31 ( 19) 5.85 ( 19) 
131 46.98 ( 165) 1.74 ( 163) 2.85 ( 163) 
132 45.76 ( 98) 1.67 ( 94) 1.20 ( 94) 
133 35.46 ( 17) 2.01 ( 12) 4.24 ( 12) 
134 49.82 ( 26) 2.14 ( 24) 1.78 ( 24) 
135 202.49 ( 16) 2.40 ( 13) 11.79 ( 13) 
137 63.99 ( 37) 1.92 ( 34) 2.00 ( 34) 
138 89.45 ( 61) 1.48 ( 61) 1.59 ( 61) 
139 7.43 ( 8) 1.51 ( 8) 2.86 ( 8) 
141 42.84 ( 373) 1.58 ( 359) 1.91 ( 359) 
151 24.83 ( 109) 1.10 ( 104) 2.09 ( 104) 
152 87.90 ( 56) 1.79 ( 49) 4.19 ( 49) 
159 38.54 ( 45) 1.81 ( 42) 3.53 ( 42) 
161 61.34 ( 1) 1.00 ( 1) 1.57 ( 1) 
162 136.72 ( 100) 0.86 ( 94) 2.58 ( 94) 
163 41.02 ( 40) 1.57 ( 37) 2.95 ( 37) 
169 18.10 ( 7) 1.03 ( 5) 2.66 ( 5) 
171 49.38 ( 312) 1.64 ( 287) 1.77 ( 287) 

All Farms 77.74 (2988) 3.37 (2810) 1.58 (2810) 



40 

3.4. Comparison of Cost Estimates 

Cost estimates obtained from the three approaches are not comparable in a 

strict sense. While the preparatory action cost question and the WTA question cost 

estimates were derived for similar scenarios, the assumptions specified for the 

worst case cost estimates differ substantially. Nevertheless, since all approaches 

are intended as estimates of reliability worth, a comparative discussion is in order. 

It is also desirable to justify the previous selection of the preparatory action cost 

estimates as the most representative estimates of the interruption costs in the 

agricultural sector. 

The preparatory action cost is similar in its formulation to the WTA 

method. Both specify frequency explicitly at 12 interruptions per year, both 

present respondents with the prospect of a long term change in service reliability, 

and both should be interpreted as average values. The WTA method comprises 

only one scenario with a 4 hour interruption duration. This duration is included 

among the 5 scenarios specified in the preparatory actions cost question. _ The 

preparatory action cost question estimates are expected to be affected by the 

inherent upper bound imposed by the formulation of the most expensive option on 

the list. Similarly, the WTA cost estimates are bound by the respondent's annual 

electricity bill. Furthermore, a 100% reduction in rates is not realistic. At the 

same time, the WTA method is known to be more prone to invoke suspicion in 

customers answering the questionnaire regarding the "true objective" of the survey 

(i.e. to possibly justify a decrease of quality of service). Such suspicions may 

result in rate aversion bias. The bias in WTA responses is probably the primary 

reason why such estimates are almost 2 times higher than the preparatory action 

cost estimates. 

The worst case cost estimates were derived under substantially different 

assumptions. As the name suggests, they are estimates derived for the worst 
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possible scenario for each user. It is expected that, for many users, such worst 

case conditions have very limited duration, and that the time of occurrence for 

individual users varies. Furthermore, the costs are estimated at the current levels 

of system reliability'. In fact, the resulting implied theoretical level of reliability is 

even higher than the system reliability because the respondents who have already 

secured themselves against interruption consequences with a backup are asked to 

consider their losses without operating it. Perhaps even more important is the 

absence of any upper bound on the cost estimates. Maximum estimates are known 

to reach in the order of millions of dollars. It is therefore understandable that the 

CDF derived from worst case cost estimates is significantly higher than the CDF 

derived from the preparatory action cost. 

There are at least three aspects which contribute to the difference between 

preparatory action and worst case cost CDF's. The "average - maximum aspect" is 

related to the specification of the preparatory action costs as yearly average values 

and the worst case cost as yearly maximum values. The "frequency aspect" is 

related to the difference in the specified - implied frequencies for the two 

questions. The "upper bound aspect" is attributable to the lack of an upper bound 

in the worst case cost question and its presence in the preparatory action cost 

question. These aspects are discussed subsequently. 

3.4.1. Effect of the average - maximum and frequency aspects on the cost 

estimates 

One way to alleviate the "average - maximum aspect" is to adjust the worst 

case cost to represent the yearly average values. The question investigating the 

percentage variation of the interruption cost with the time of year can be used for 

this purpose. Unfortunately, only relatively few respondents answered this 

question. In order to increase the response rate, all the available responses were 

used, including those with the worst case cost question answered only for some 

The System Average Interruption Frequency (SAIFI) for 1984 was 2.73 as reported by CEA. 
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durations. The resulting cost estimates are shown in Table 3.6. As can be seen 

from this table, adjusting the worst case cost estimates to represent the yearly 

average cost per interruption reduces the cost estimates by a factor of 2 to 3. This 

is not significant, when considering that the preparatory action cost estimates are 

two orders of magnitude lower. If the set of responses which includes only 

completely answered worst case cost question is used, the reduction in magnitude 

is even smaller. 

Table 3.6: Yearly average cost estimates derived from the worst case costs 
using the results from the annual variation question for adjustment. 

Duration $/Respondent $/kW $/MWh 

1 hour 5164.07 ( 528) 143.19 ( 430) 51.64 ( 430) 
4 hour 10423.70 ( 981) 398.16 ( 802) 198.62 ( 802) 
8 hours 12690.97 (1228) 464.86 (1008) 247.99 (1008) 

24 hours 21918.18 (1411) 757.70 (1155) 437.76 (1155) 

The problem with a comparison of the preparatory action cost and worst 

case cost estimates which arises from the "frequency aspect" is difficult to solve. 

The conditions for which the estimates are derived differ and this fact has to be 

remembered. However, it is possible to make a crude comparison between the 

interruption cost estimates when using a fixed time base, e.g. a year. Thus, the 

yearly interruption costs from the two methods can be compared on the basis of 

the total (annual) duration. An identical method was used when comparing the 8 

hour interruption once a month and two 4 hour interruptions twice a month in 

preparatory action cost question2. Based on the 1984 SAIDI of 1.81, the worst 

case cost estimate for a 24 hour interruption duration corresponds to a preparatory 

action cost estimate for a 5.46 hour interruption duration. The CDF's calculated 

2 It is interesting to note, that the comparison of the two estimates pointed towards .a 
respondent's preference for shorter and more frequent interruptions. The two estimates 
however appeared to be reasonably close. 
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from the preparatory action cost question and from the worst case cost question 

expressed on a yearly basis are shown in Figure 3.3. Comparing cost estimates on 

a yearly basis, however, decreases the difference between the two estimates only 

slightly. 

It is interesting to note that the slope of the CDF derived from the worst 

case cost estimates resembles the slope of the CDF derived from the preparatory 

action cost estimates. This further supports the method of assigning monetary 

values to actions involving backup purchase as used in this thesis over the 

approach used previously. 

3.4.2. Effect of the upper bound effect on the cost estimates 

The worst case cost question estimates the losses incurred by the 

respondents for the durations specified in the scenarios at the worst possible time 

for each individual user. Respondents owning a backup unit were asked to 

estimate their losses without using it. The losses incurred by the owners of the 

backup with the backup in operation should obviously be lower. The estimates of 

operating cost associated with running a backup were the subject of a separate part 

of the question. It is important to mention that not all users reporting very high 

costs reported backup ownership. In general, annual peak demand does not display 

any apparent correlation with worst case cost estimates. It is therefore reasonable 

to assume that some high cost users with relatively low annual peak demand and 

not presently owning a backup nnit would significantly benefit from backup 

ownership, even at the present hi h levels of power system reliability. At the 

same time it is unlikely that respon ents would, at least in the long run, be willing 

to pay a higher premium for the more reliable service than would accept the 

expenses associated with the purc ase and operation of fully automatic backup 

power source capable of supplying he entire farm peak demand. Commonly used 

objections to utilization of costs as ociated with equivalent backup are regulatory 

and environmental restrictions, b t these are typically not applicable in the 

agricultural sector. It is further int resting to note that the actual follow-up survey 

of respondents in the commercial I sector, who would benefit from the backup 
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ownership as performed by Pacific Gas and Electric Company, indicate that many 

respondents would rather lower their estimates when confronted with the proposal 

of a backup purchase [7]. This result suggests that the direct cost estimates are 

indeed often exaggerated. 

In the following, the CDF is regenerated from worst case cost question 

estimates with imposed upper bounds. These upper bounds are estimated for each 

respondent as a cost associated with the purchase and operation of the generator 

capable of supplying the entire farm's peak demand. This cost again comprises 

two components: capital cost and operating cost. The values of both components 

have to be approximated as the Canadian data were not available. The capital cost 

of a larger generator is assumed to be a linear function of its capacity as suggested 

by [10]. Use of the linear interpolation (least square fit) on the cost data presented 

in 7] results in the following empirical equation. 

Cap. Cost = 1.2 (a + b P) (3.4) 

Where 
a = 6550.9, 
b = 145.7, 
P is the nameplate capacity [kW], 
1.2 is the conversion factor from $US. 

Applying Equation 3.4 to the large generator included in the list of possible 

actions in the University of Saskatchewan survey questionnaire, and working 

backwards, yields the generator capacity of approximately 30 kW. The SAIFI for 

1984, 2.73 interruptions per year, is used to calculate the per interruption portion 

of the capital cost and the procedure as outlined earlier in this chapter is followed. 

The operating cost w s assumed to be a linear function of generated 

electrical energy. The operati g cost specified for the large generator was used to 

calculate the slope of 0.223 ( hich compares with $ 0.09 suggested in [10]). The 

intercept was assumed to be The algorithm used to replace the respondent's 

estimate with the calculated upper bound value was as follows: 
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1. If the user's annual peak demand exceeds 30 kW and the reported 

cost estimate is higher than the costs associated with owning and 

operating a generator capable of supplying the respective farm's 

peak demand, then the cost associated with owning and operating 

this generator is assumed to be the interruption cost estimate. 

2. If the user's annual peak demand does not exceed 30 kW, but the 

user's reported cost estimate is higher than the cost associated with 

owning and operating a large backup unit as specified in the 

questionnaire, then the cost associated with owning and operating 

a large generator as specified in the questionnaire is assigned as 

the interruption cost estimate. 

3. The user's estimates are used as reported in all other cases. 

It should be noted, that the per "interruption portion" of the capital cost of 

the large generator specified in the questionnaire will be higher than that, used to 

calculate the preparatory action cost estimates. This is caused by the lower 

number of uses over the lifespan of the generator. The results are summarized in 

Table 3.7. It can be seen from this table that more than two thirds of the users 

who would benefit from a backup ownership at the current reliability levels' 

act•aally own one. 

In contrast with the worst case cost question, the preparatory action cost 

question does impose an upper limit on the magnitude of the respondent's cost 

estmates. This upper bound is represented by the most costly preparatory action 

offered: "the large power generator capable of supplying the entire farm load". 

The capacity of this generator has been estimated previously as 30 kW. It is 

reasonable to assume that some respondents who were prepared to secure 

themselves fully against the power interruptions were not offered an option 

adequate to meet their annual peak demand. An objective of the research was 

System Average Interruption Duration Index - SAIDI in 1984 was 1.81 
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again to identify the difference between the estimates obtained from the preparatory 

action cost without alteration and when revoking the upper limit. 

Table 3.7: Cost estimates derived from the worst case cost question with the 
imposed upper bound and related statistics: the number of 
respondents who would benefit from backup ownership (Would 
Benefit), and the number of respondents who would benefit from 
backup ownership and who actually own a backup unit (Own 
Backup). Note: total sample is 820 respondents, with 470 reporting 
backup ownership. 

Dur Would 
Benefit 

Own 
Backup 

Cost 
[Vresp.] 

Cost 
[WWII] 

Cost 
[$/kW] 

1 hour 349 253 218.50 4.83 8.02 
4 hour 512 336 356.70 7.43 13.16 
8 hour 631 386 467.12 9.58 17.18 

24 hour 694 415 660.33 13.29 23.89 

A methodology identical to that used when investigating the effect of the 

upper bound on the worst case cost estimates was applied. The annual frequency 

of 12 interruptions per year was used to calculate the per interruption portion of 

the capital cost. The algorithm was to replace the cost associated with the option 

#7 from the questionnaire: "Purchase of the large power generator capable of 

supplying the entire farm load", by the cost associated with the purchase and 

operation of a power supply derived from the respective respondent's annual peak 

demand for all respondents having peak demand in excess of 30 kW. 

Table 3.8 shows how many respondents were actually assigned new values, 

and how many have annual peak demands in excess of 30 kW but did not select 

option #7 as the action they would take in order to mitigate an effect of the power 

interruptions. The cost estimates for the latter respondents were left unaltered. It 

can be seen that there were relatively few respondents who qualified for 

reassignment of the interruption cost estimates. 
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The recalculation of the sector CDF resulted in values shown in Table 3.9. 

Co parison with previous results reveals that the recalculated values are only 

mo erately higher than the original values. These results support the conclusion 

that the effect of the upper bound, though present in several cases, does not 

sig ificantly affect the resulting cost estimates in the preparatory action cost 

que tion. The results further confirm the selection of the range of individual 

acti • ns as appropriate. 

Ta le 3.8: The number of respondents with peak demand in excess of 30 kW 
and assigned the new theoretical value (Reassign); and the number of 
respondents with peak demand in excess of 30 kW but whose 
estimates were not altered (Not altered). 

20 m 1 h 4 h 8 h 2x4 h 

Reassign 171 236 378 469 473 
Not altered 740 675 533 442 438 

Ta 

ba 

co 

ob 

of 

rev 

es 

le 3.9: Cost estimates calculated from the preparatory action cost estimates 
with the upper bound revoked. 

Duration $/Resp. $/MWh $/kW 
20 min 10.70 (5300) 0.186 (4229) 0.413 (4229) 
1 hour 18.42 (5232) 0.337 (4176) 0.746 (4176) 
4 hour 52.52 (5228) 1.106 (4181) 2.243 (4181) 
8 hour 99.96 (5220) 2.310 (4171) 4.454 (4171) 
two 4 hrs. 95.05 (5268) 2.162 (4204) 4.184 (4204) 

The resulting CDF's expressed for the purpose of comparison on a yearly 

s are shown in Figure 3.4. It can be concluded that the adjusted worst case 

estimates remain higher, but the difference existing between the original CDF's 

'ned from the two approaches is greatly reduced. The similarity in the results 

the original preparatory action cost question and of the same question with a 

eked upper bound confirms the acceptance of the preparatory action cost 

mates as the most representative in the agriculture sector. 
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3.5. Summary 

This chapter describes the questionnaire used in the agricultural sector. The 

specification of the EPS type of question necessitated a new procedure in order to 

calculate the monetary estimates from the raw responses. This procedure was 

described and monetary estimates were calculated. CDF's derived from the EPS, 

worst case cost, and WTA questions used in the agricultural questionnaire were 

shown. Magnitudes of the individual CDF's vary widely. While the estimates 

from the WTA and EPS methods appear comparable, the worst case cost estimates 

are significantly higher. This difference is understandable considering the inherent 

differences in the respective question approaches, as well as differences in question 

scenarios. 

An attempt was made to alleviate the effects of the differences in question 

scenarios. However, the yearly average cost estimates calculated in the form of 

yearly average cost estimates from the worst case cost question did not 

significantly reduce the magnitude of the resulting CDF. The difficulty arising 

from the different values of interruption frequency specified or implied in the 

question scenarios was addressed, and the suggestion was made to use a common 

time base, specifically a year. 

The absence of an upper bound in the worst case cost question and its 

presence in the preparatory action cost question was discussed. The method which 

imposed a natural upper bound on individual respondent's estimates was used to 

assess the effect this bound has on the sector CDF. This method is an extension 

of the equivalent backup source method described earlier in the text. The results 

of this exercise indicate that inclusion of the upper bound reduces significantly the 

magnitude of the estimates obtained from the worst case cost question. By 

comparison, this inclusion has very little effect on the preparatory action cost 

estimates. This confirms the previous selection of the preparatory action cost 

estimates as being representative of the interruption costs in the agricultural sector. 
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The difference in magnitude between a CDF calculated from the preparatory action 

cost estimates and a CDF calculated from the worst case cost estimates after 

adj Isting for the upper bounds, though reduced significantly, is still clearly present. 

It is expected that at least three major effects contribute to this difference. 

Respondents are known to prefer shorter and more frequent interruptions over 

longer and less frequent interruptions. The worst case cost question was asked 

only of those respondents who perceived that a majority of interruption related 

effects was related to their farming activities, and perhaps most importantly, the 

adjusted worst case cost estimates originate from the question with differently 

specified scenarios. 

It should be noted that the procedure used to derive the substitution cost of 

owning and operating a backup unit capable of supplying the entire farm peak 

demand was meant to be illustrative and comparative. A survey of the actual 

Canadian prices of large backup units is strongly recommended if the equivalent 

generating unit method is utilized to derive representative interruption cost 

estimates in the agricultural sector. 
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4. AGRICULTURE SECTOR 

DATA ANALYSIS 

4.1. Introduction 

The basic results presented in the previous chapter are essentially expected 

values of the cost estimates. While these point estimators are crucial for the actual 

application of the Customer Damage Function, it is important to supplement them 

with information about statistical distribution of the data they represent. This 

knowledge of the underlying statistical distribution of the data not only provides 

better visual comprehension of its variation, but it allows for calculation of 

confidence intervals on the point estimates. These, in turn, provide information 

about the reliability of the estimates. The urgency to have some indication of the 

reliability of the cost estimates becomes apparent when considering that the cost 

estimates display a very large variation, in some cases over twice the magnitude of 

the mean values. 

Another important task requiring some knowledge of the underlying 

statistical distribution of the cost data is the inference on the differences between 

various user groups which is known as inferential analysis. A mistake committed-

frequently is to apply statistical methods developed under some assumptions about 

the underlying distribution (typically normality) on a given set of data without \ 

actually checking whether the statistical distribution of this data set satisfies the 1 

assumptions. Although it is possible to use the non-parametrical methods 

whenever a relaxation of the assumptions is necessary, it is generally preferable to 

use the parametrical methods whenever feasible since the non-parametrical methods 

typically display less power when compared with the corresponding parametric 



53 

tests applied to the data set with known distribution'. 

There are more merits in an identification of the distribution of the data, 

e.g. to extrapolate the values of losses for the durations above those specified in 

the questionnaire with far better confidence, than if these values are obtained by 

simple linear extrapolation. This chapter, however, focuses primarily on inferential 

analysis. 

Throughout this chapter extensive use is made of the statistical method 

known as significance testing. This method is similar to hypothesis testing in that 

it defines the research hypothesis (H1) and the null hypothesis (Ho). Significance 

testing however, does not require the selection of a specific level of significance of 

the test apriori, but rather allows the calculation of the probability of observing a 

value of the given statistics at least as extreme as the value noted under the 

assumption that Ho holds. This value is referred to as a P-value of the test. It is 

therefore not necessary to only reject or accept the null hypothesis, but it is 

possible to see how "close" is the test P-value to the predefined critical level (a) at 

which the Ho is rejected. This critical level was selected at 2.5% throughout this 

thesis, unless otherwise stated. 

One more note is of essential importance. Whenever more than one 

statistical test is applied, the critical level for the set of tests is obviously not the 

same as the predefined critical value used on the individual test basis. As the 

number of tests increases, the probability of committing at least one type I error 

approaches 1. This relationship is known as the Bonferroni inequality and is 

expressed for n tests in Equation 4.1 [20]. 

Overall a < a1 + a2 + + an (4.1) 

This means that for the selected value of a=0.025 and 40 tests, the probability of 

Parametric methods are those which are based on the assumption that the underlying 
distribution is known. Non-parametric methods do not make any assumption about this distribution. 
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obtaining at least one spurious result approaches 1. Occasional spurious results 

should be therefore expected in the subsequent analysis. 

Before proceeding towards the cost estimate analysis, it is useful to briefly 

analyze the set of user characteristic variables. 

4.2. Analysis of User Characteristic Data 

The set of user characteristic questions in the questionnaire is relatively 

large and complex. It contains continuous variables as well as categorical variables 

(two or more choices), many of which are ordinal (the choices are sequentially 

ordered). The user characteristic variables were listed in Chapter 3. The basic 

results can be found in [4]. Only a subset of the selected, more important, 

descriptive variables are discussed in this thesis. From the point of view of the 

analysis presented in this chapter, these variables are considered to be independent 

and are therefore often referred to as such. In regard to content, these variables 

can be loosely subdivided as user attitude variables and other user characteristic 

variables. 

A statistical method for analyzing the categorical data was required since 

the majority of the independent variables are categorical. The few continuous 

variates used in the questionnaire can be clustered into several intervals in order to 

include them in the analysis. The log-linear model has been selected for the data 

analysis as this technique allows the building of multivariate models relatively 

simply. An attempt has been made to build one complex log-linear model thus 

alleviating the possibility of identifying some casual rather than real dependencies. 

Such an approach, however, will yield a large number of possible combinations of 

outcomes with a low average cell frequency. The recommendations for the 

minimum number of responses acceptable are based largely on experience and vary 

widely. A conservative estimate suggests that 25 responses per response function 

and a reasonable spread of responses (e.g. less than 20% of response functions 



55 

have sample sizes less than 5) suffice. There exist two principal ways to secure a 

sufficient sample size in the dataset of a given size: to collapse the model over 

some variables (i.e. to reduce the number of variables included in the model), or 

to reduce the number of response functions per variable. The latter effect can be 

achieved either by using the type of response function which reduces the number 

of response functions per population, such as the mean score response function, or 

by pooling several response categories together. In any event, some information is 

lost. 

It was decided to analyze the data in two logical sets. The first set contains 

the respondent's attitude variables, while the second set contains selected user 

characteristic variables. One important variable, the respondent's annual 

consumption of electricity, was intentionally left out of the discussion at this point 

because of it's truly continuous character, high range of values, and it's special use 

for normalization of cost estimates. It is given attention later. The use of two 

logical sets rather than one decreases the number of variables in each of the two 

corresponding models generated. 

The first set contains variables pertaining to respondent's attitudes (the 

attitudinal set) toward the price of electricity, number of power failures, quality of 

service in general, and user's estimate of the number of power failures experienced 

over past two years. The first three variates have five levels each. The number of 

experienced outages is a discrete variate and was therefore reduced into three 

classes defined by intervals: <0,6>, (6,9> and (9,..). The attitudinal set of variates 

results in a four dimensional table with 375 cells, thus yielding an average cell 

frequency of approximately 23. A saturated log-linear model (a model with all 

effects included and therefore uniquely defining the data) has been fitted to the 

data. The corresponding statistics are shown in Table 4.1. This table shows the 

individual effects with corresponding degrees of freedom (DF), CHI-Square 

statistics, and the P-value. The P-value is the significance of each factor (i.e. the 

probability of committing a type I error; in this case, the probability of committing 
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an error when rejecting the null hypothesis of non-significance of the given factor 

when in fact it was true). 

The results in this table indicate that all third order interactions as well as 

the fourth order interaction are non-significant (P-value>0.025). The reduced log-

linear model including first and second order interactions was fitted to the data. It 

proved to fit well, as indicated by the residual P-value of 0.9567. All interactions 

in the reduced model become significant. Elimination of the higher order 

interactions from the model without loss in goodness of fit implies that the table is 

collapsible to a two variable cross-table without a significant loss of information. 

This allows us to study two variable tables without the necessity to control for the 

remaining two variables. 

Table 4.1: Analysis of variance table for the saturated log-linear model fitted to 
the set of user attitudinal variables. 

Source DF CHI-Square P-value 
# of failures-attitude (Q1A) 4 9.07 0.0593 
Price of electricity (Q1B) 4 32.79 0.0001 
Quality of service (Q1C) 4 99.27 0.0001 
# of failures-estimate (Q2) 2 4.20 0.1222 
Q1A * Q1B 14 21.34 0.0933 
Q1A * Q1C 16 68.73 0.0001 
Q1A * Q2 8 134.51 0.0001 
Q1B * Q1C 15 29.40 0.0143 
Q1B * Q2 7 8.11 0.3227 
Q1C * Q2 8 4.87 0.7710 
Q1A * Q1B * Q1C 40 29.69 0.8836 
Q1A * Q1B * Q2 22 24.53 0.3199 
Q1A * Q1C * Q2 22 11.66 0.9639 
Q1B * Q1C * Q2 18 13.36 0.7695 
Q1A * Q1B * Q1C * Q2 31 22.13 0.8787 

A detailed study of the individual cross tables revealed that: 

(i) Respondents indicating a higher number of failures (Q1A) 

perceive the price of electricity (Q1B) to be higher as well. 
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(ii) The relationship between the number of failures (Q1A) and the 

quality of service (Q1C) displays negative correlation. Even 

though the change in proportions is monotonous as the number 

of failures increased, a majority of respondents indicating "very 

high" number of failures still answered that the quality of service 

is "fair", "good" or "very good" (proportions being 34%, 37% 

and 13% respectively). 

(iii) There is a positive correlation between the estimates of the 

relative number of failures (Q1A) and the actual number of 

failures over the past two years (Q2). 

(iv) The negative correlation between the price of electricity and the 

quality of service is weak. 67% of respondents who indicate the 

price of electricity to be "very low" perceive the quality of 

service as "very good". However, the majority of respondents 

indicating that the price of electricity to be "very high" still 

estimate the quality of the service as "fair", "good" and "very 

good" (proportions being 25%, 50%, and 15% respectively). 

(v) A negative correlation exists between the perceived price of 

electricity and the estimated number of failures over the last two 

years. 

(vi) The frequency table of the quality of service and the estimated 

number of failures variables over the last two years shows 

correlation with one notable exception. While the number of 

respondents estimating less then 6 power failures over the last 

two years decreases with the decrease in the perceived quality of 

the service, the last category in the quality of service variable 

("Very Poor") shows a sudden rise. The respective proportions 

are 83%, 68%, 48%, 33% and 67%. No explanation was found 

for this anomaly. 
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The second set of variables, selected user characteristics variables, was 

again analyzed using log-linear model techniques. The saturated log-linear model 

was fitted to the data. The corresponding statistics are shown in Table 4.2. 

Table 4.2: Analysis of variance table for the saturated log-linear model fitted to 
the set of user characteristics variables. 

Source DF CHI-Square P-value 
Duration preference (Q3) 1 62.86 0.0001 
Proportion of el. heat (Q4) 4 293.17 0.0001 
Major area of el. use (Q8) 3 296.41 0.0001 
Availability of backup (Q13A) 1 171.53 0.0001 
Q3 * Q4 4 1.72 0.7871 
Q3 * Q8 3 2.26 0.5207 
Q3 * Q13A 1 10.08 0.0015 
Q4 * Q8 12 39.51 0.0001 
Q4 * Q13A 4 1.86 0.7619 
Q8 * Q13A 3 352.66 0.0001 
Q3 * Q4 * Q8 12 16.29 0.1783 
Q3 * Q4 * Q13A 4 3.03 0.5530 
Q3 * Q8 * Q13A 3 4.86 0.1822 
Q4 * Q8 * Q13A 12 17.20 0.1421 
Q3 * Q4 * Q8 * Q13A 11 10.27 0.5059 

The P-values in the table indicate that the fourth order interaction, all third 

order interactions, as well as three second order interactions are non-significant at 

the 2.5% level. An attempt to fit a reduced log-linear model including only second 

order interactions resulted in a residual with a P-value of 0.0158 (Chi-

square=64.03, DF=42) which is significant at the 2.5% level. It was concluded 

that the combined effect of all third order interactions and the fourth order 

interaction results in a poor model fit. A set of models including up to third order 

interactions was fitted to the data. Statistics pertinent to the model's goodness of 

fit are shown in Table 4.3. 

It is apparent from this table that inclusion of a single third order interaction 

effect in the model does not increase the fit significantly. In a strict sense, only 
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the "Q3*Q4*Q13A" model has a residue significant at the 2.5% level. When 

comparing the residue P-values in the table with the P-value of the residue in the 

reduced model of the first set of variables (attitudinal set), it can be seen that 

neither of the models fitted to the second set of variables fit particularly well. It is 

interesting to note that even the model including all third order effects still has a 

residue with a corresponding P-value of 0.51, which is higher than expected. The 

conclusion which can be drawn is that the third order interactions among the 

variables are relatively important in this dataset. It may be therefore misleading to 

investigate the relationships between variables in the collapsed tables (on the two 

variables at a time basis). The relationship of the two variables can have various 

strengths on various levels of the remaining two variables. In an extreme case, it 

is possible that the observed tendencies can be quite opposite. 

Table 4.3: Comparison of goodness of fit for various third order effect models. 
(Each model is defined by the third order effects included; all models 
contain all lower order effects.) 

Model Type DF Chi-square P-value 
Q3 * Q4 * Q8 30 43.60 0.0519 
Q3 * Q4 * Q13A 38 58.60 0.0175 
Q3 * Q8 * Q13A 39 54.50 0.0507 
Q4 * Q8 * Q13A 30 44.85 0.0399 
Q4*Q8*Q13A I Q3*Q4*Q8 18 27.10 0.0771 
Q4*Q8*Q13A I Q3*Q8*Q13A 27 36.16 0.1119 
Q3*Q4*Q8 I Q3*Q8*Q13A 27 34.20 0.1603 
Q3*Q4*Q81Q3*Q4*Q13AIQ4*Q8*Q13A 14 18.46 0.1865 
Q3*Q4*Q81Q3*Q4*Q13AIQ3*Q8*Q13A 23 26.12 0.2951 
Q3*Q4*Q8IQ3*Q8*Q13AIQ4*Q8*Q13A 15 18.51 0.2369 
Q3*Q4*Q13AIQ3*Q8*Q13AIQ4*Q8*Q13A 23 30.75 0.1290 
All Third Order Effects 11 10.27 0.5059 

It is time consuming to investigate the relationships between each pair of 

variables on all levels of the remaining variables, and the results are often difficult 

to interpret. It is apparent from Table 4.2 that the effect Q8*Q13A is the strongest 

of all higher order interactions. This effect was therefore selected for investigation 

on the remaining levels of variables Q3 and Q4. The results essentially confirmed 
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the expected tendencies as follows: 

(i) There exist strong correlations between the availability of the 

backup (Q13A) and the major area affected by the power 

interruption as indicated by the user (Q8) on all levels of 

variables Q3 and Q4. The proportions of backup ownership vary 

from 53% for respondents expecting to experience a majority of 

interruption effects in farm related activities to about 4% for 

respondents expecting to experience a majority of interruption 

related effects in household activities. 

(ii) There was a small but consistent difference between the 

proportions of backup ownership on the two levels of the failure 

length preference variate. As might be expected, the respondents 

preferring longer and less frequent interruptions reported higher 

ownership of backups then the respondents preferring shorter and 

more frequent interruptions (ranging between 42 and 48% as 

compared with 26 and 35% respectively). This tendency was 

most pronounced for the respondents expecting to encounter a 

majority of interruption effects in the farm related activities. 

(iii) Some other variations were clearly present, thus explaining the 

relatively poor fit of the reduced log-linear models. These 

dependencies did not, however, show any consistent tendencies 

and therefore are of little practical importance. The apparent 

randomness of the variations do not lead to any rational 

conclusion. 

4.3. Analysis of the Worst Case Cost Question 

The cost of interruption represents conceptually a multivariate distribution 

problem. It was decided, however, to focus merely on a two dimensional 

(marginal) distribution with two random variables: the cost estimate and the 

interruption duration. Other variables are considered only as factors. Furthermore, 
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e interruption duration is constrained to only a few values by the design of the 

tionnaire, it is convenient and conceptually more simple to study a one 

nsional distribution of the interruption cost on individual levels of the 

ption duration variable. 

An attempt was made to analyze the cost questions in the chronological 

ence as they appear in the questionnaire, that is, to analyze the preparatory 

n cost question estimates first. It was soon realized that from the three—

ods used to acquire cost of interruption data, the worst case cost method 

s estimates which are conceptually easiest to analyze. That is to say, that _ 

e cost is essentially a continuous random variable, only the response 

fre • -encies for seven intervals were acquired_in the case of the preparatory action 

cos method. To make matters worse, the borders of these intervals are not 

defi ed and have to be estimated. This is the reason why the worst case cost 

question data was analyzed first as it was hoped that the results could help with 

the analysis of the preparatory action cost question estimates. 

4.3.1 . Distribution of worst case cost estimates 

An objective of this section is to find a mathematical model, known as a ; 

stat stical distribution, which will explain the random variation in the set of data. 

If distribution is not established apriori, the random sample drawn from the 

po lation is fitted to known statistical distributions. When a theoretical statistical 

dist 'button with adequate fit to the data is found, it is assumed that the entire 

po•ulation follows the given distribution. In order to test the adequacy of 

in• vidual theoretical statistical distributions, goodness-of-fit techniques are used. j,

Th actual approach can vary, but it is generally useful to obtain the basic statistics 

firs Subsequent graphical analysis reveals further details and should lead to the 

des ed theoretical distribution. The selection of the distribution can be 

su • 4.equently confirmed by the formal numerical method. 
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4.3.1.1. Distribution of worst case cost estimates - basic analysis 

The basic statistical indices are shown in Table 4.4. The results presented 

in this table indicate that the distributions for all durations have a very heavy upper 

tail. In fact, the distributions are so skewed that it is not feasible to display the 

data graphically, i.e. to plot the empirical distribution density function (df) on a 

linear scale. The original suspicion that the high degree of skewness is caused by 

outliers was rejected after multivariate tests based on Chi-square were performed 

repeatedly on the data sets with previously identified outliers rejected. The 

logarithmic transformation of the cost data confirmed that the high values of 

skewness are caused by the shape of the entire distribution rather than by several 

outliers. As a result, natural logarithmic transformations of the costs are analyzed 

in the following sections instead of the original data, and terms such as "data 

distribution" refer to the log-transformed data, unless otherwise stated. The general 

shape of the two dimensional distribution with duration and cost as variates is 

shown in Figure 4.1. The graph shows relative frequencies at unity intervals along 

the cost axis (remember that the cost is log-transformed) for all considered 

durations. Spline interpolation was used to smooth the surface. 

Table 4.4: Basic univariate statistics for the worst case cost data. (sample size 
is 820 for all durations) 

Duration 
[hours] 

Mean 
[$] 

STD Median 
[$] 

Skewness High 
Extreme 

1 17724 57327 200 6.28 75000 
4 29194 70129 1400 4.87 75000 
8 39158 80833 5000 3.96 75000 
24 54456 112603 11595 4.46 75000 

The two dimensional distribution represented by this 3D graph is difficult to 

further analyze. Four one dimensional distributions (one for each duration 

specified in the questionnaire) are therefore analyzed individually. These four 

distributions are shown in the form of bar charts in Figure 4.2. The shape of the 
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graph as well as that of the bar charts suggests that the distribution is 

aminated. This means that it is actually composed from a mixture of several 

ibutions. These distributions do not necessarily have to be of the same type. 

The bar charts in Figure 4.2 are shown in terms of absolute frequencies 

rather than relative frequencies. This was done in order to demonstrate that there 

was a reasonable count for each cost interval used. This should mitigate the effect 

of an inherent problem regarding the choice of the interval length when using 

histograms to graphically represent the data's df. If these intervals are selected too 

small relative to the sample size available, then the resulting histogram is rugged, 

and in turn, if these intervals are too large, then some information is lost. In order 

to overcome the difficulty with the interval length selection, an empirical 

cumulative distribution function (cdf) can be plotted instead. Figure 4.3 shows the 

cdf s of the cost estimates variate for all durations considered. The cumulative 

probability F(x) was calculated using Equation 4.2 [21]. 

F(x)=(i-0.5)/n (4.2) 

where 
n is sample size, 
i is sequence index of the ordered data. 

The cumulative distribution function plots and the histograms suggest that 

the cost variate may be distributed as log-normal. In fact, variates concerning the 

income are often distributed as log-normal [21]. It was, therefore, decided to focus 

on this distribution. 

The density function of a log-normal distribution is shown in Equation 4.2. 

The log-normal distribution appears as the normal distribution after the logarithmic 

transformation of the variate. It is therefore, possible to investigate the logarithmic 

transformation of the log-normally distributed data using all the statistical 

techniques which are based on the assumption of normality. 
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1 - (1/2132) (log(x) - log(a))2
f(x) = e 

where 
x>0 is variate 
a,I3 are parameters 

(4.2) 

It becomes difficult to judge visually the goodness of fit of a specific 

theoretical distribution to the data due to the curvature of the empirical cdf plots. 

In order to overcome this difficulty a probability plot can be used instead. The 

probability plot technique uses a distribution-specific transformation of the y axis 

in order to display the cdf as a straight line, within the limits of sampling errors, if 

the hypothesized distribution is the underlying distribution. Probability plots for all 

four durations assuming that the underlying distribution is normal are shown in 

Figure 4.4. 

While the shape of the resulting curves for shorter durations can be 

interpreted as an indication of thinner than normal tails, the shape of the longer 

duration cdf's suggests that contamination is the more probable explanation. It can 

be further presumed that this contamination consists of the two major log-normal 

subpopulations. The source of the contamination was investigated graphically 

using scattergrams. Space does not permit the presentation of these figures here. 

The results revealed that for all the user characteristics questions which were 

included in the questionnaire, only the type of customer seems to have a profound 

effect on the location parameters (mean and median) as well as on the shape of the 

distribution. It was therefore concluded that further analysis had to be performed 

separately for the individual SIC classes. The SIC classes Dairy, Cattle, Hog, 

Poultry, and Greenhouse have been selected. The primary criterion for SIC class 

selection was the available sample size. These are shown for the selected SIC 

classes in Table 4.5. 



67 

1 hour interruption 4 hour interruption 

19 

es 

on 

07-

a 

to-

os 

00 

02 

11 

00 

2 

f„. I I I I I 
1 2 3 4 5 0 7 S I V A 2 

Cost In transformation) 

8 hour interruption 

6 7 1 0 2 11 2 2 

Cost in transformation) 

11 

14 

02 

01 

20 

4 6 

2 3 4 5 6 7 1 9 2 11 2 2 2 

Cost In transformation) 

24 hour interruption 

+yf

3 4 5 1 7 1 9 14 11 2 2 14 

Cost In transformation) 

Figure 4.3: Empirical cumulative distribution function of the worst case cost 
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Table 4.5: Sample sizes for the selected SIC classes. 

SIC class SIC code Sample Size 
Dairy 111 105 
Cattle 112 61 
Hog 113 94 
Poultry 114 145 
Greenhouse 162 76 

Even these sample sizes are rather small, but should suffice for 

determination of the underlying distributions. Several other SIC classes, namely 

SIC 119 - Livestock Combination, SIC 141 - Crop Combination, and SIC 171 -

Livestock and Crop Combination have sufficient representation in the sample but 

were not selected for further investigation because they are combinations of 

farming activities. The remaining SIC classes have small representations in the 

survey sample. Considering, that these smaller size SIC classes were actually often 

over-represented in the survey sample in order to secure a reasonable number of 

responses in each SIC class, omission of these under represented SIC classes 

should not represent a practical drawback. Furthermore, the two SIC classes 

displaying the highest average costs, Poultry and Greenhouse, are included for the 

further analysis. 

4.3.1.2. Distribution of the worst case cost - analysis by SIC class 

It was found that the cost estimates in SIC classes 111 and 112 were mainly 

in the lower range and the cost estimates in SIC classes 114 and 162 were 

distributed mainly in the higher cost range. On the other hand, SIC class 113 

displays a wide range of cost estimates. It was therefore expected that this 

difference in location parameters of the above SIC classes is the cause of the 

observed contamination in the original distribution with all SIC classes included. 

Th- normal probability plots, Figure 4.5 to Figure 4.9, have been prepared to 

confirm this hypothesis. 
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The probability plots of the first two selected SIC classes, Dairy and Cattle, 

display a reasonable degree of linearity. A formal numerical test, the Anderson- - 

Darling test, was therefore carried out on the data in these two SIC classes. This 

test is based on an empirical cdf, and consists of a calculation of modified A' 

statistics. The P-Values corresponding to the values of the A' statistics are 

published in tabular form [21]. The values of the modified A' statistics and the 

corresponding lower bounds' on P-values from the look-up table are shown in 

Table 4.6. 

Table 4.6: Anderson-Darling test of goodness-of-fit for the worst case cost data 
in SIC classes 111 and 112. (H.: distribution is normal) 

SIC Duration A' P-value 
(~) 

111 

112 

1 hour 
4 hours 
8 hours 
24 hours 
1 hour 
4 hours 
8 hours 
24 hours 

0.7876 
0.5373 
1.5685 
0.7318 
0.8726 
0.7778 
0.4566 
0.4858 

0.025 
0.15 
0.001 
0.05 
0.025 
0.025 
0.25 
0.15 

The results of the tests indicate that, with the exception of the 8 hour_; 

interruption in SIC class 111, the probability of committing a type I error is higher 

then 2.5%. We are therefore unable to reject the null hypothesis that the samples 

are drawn from the normal distribution. 

The probability plots of the remaining three SIC classes still point towards 

contamination. It is difficult from the given sample sizes to determine whether the 

distributions do not simply tend to be leptokurtic (peaked) for the shorter durations 

and skewed (left tailed) for the longer durations, or whether contamination is the 

5 The table of the P-values is sparse with steps 0.5, 0.25, 0.15, 0.10, 0.05, 0.025, 0.01, 0.005. 
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real cause of the nonlinearity of the probability plots. However, if the shape of the 

probability plots is caused by the contamination, it should be possible to find the 

variable(s) which identify the individual distribution groups. Difficulties arise due 

to the low sample sizes. It can be observed from the probability plots that, while 

the individual distributions seem to overlap considerably for the shorter durations, 

they seem to be reasonably separated for the longer durations. This permits a 

possible separation of the two distributions on the basis of the probability plots, 

and subsequently the opportunity to identify the variable(s) having the predominant 

effect on the placement of the response into one of the two groups. It is 

appreciated that the responses will overlap so that no clear boundary will exist 

between the two groups. In order to mitigate this, the boundary responses are not 

included in the analysis. It is further expected that responses from the lower 

distribution have larger standard deviation, and will therefore spread into the higher 

distribution more often than the responses from the higher distribution will spread 

into the lower distribution. The intervals used for the two groups in the individual 

SIC classes are shown in the Figure 4.10. 

The resulting proportions of the two groups identified in each of the three 

SIC classes were analyzed on the various levels of user characteristics variables. 

Pearson Chi-square statistics were calculated for the effect of each user 

characteristics variable since low sample sizes did not permit the use of a more 

comprehensive model, such as a log-linear model. The results are summarized in 

the form of P-values for Ho of independence in Table 4.7. 

The majority of the P-values are nonsignificant so that it is not possible to 

reject the hypothesis of independence without a high probability of committing an 

error. The only four relationships which are significant at the 2.5% level are the 

Amount of Electrical Heat in SIC class 113, the Major Area of Electrical Use in 

SIC class 114 and the Availability of Backup in SIC classes 113 and 114. The 

statistics presented are adversely affected by the low sample sizes. It is therefore 

useful to further study the tendencies of proportions in the individual cross-tables 
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Table 4.7: Pearson Chi-square statistics for the effect of the user characteristics 
variables for the two groups of respondents. (Ho: variables are 
independent) 

Variable 
P-value 

SIC 113 SIC 114 SIC 162 

Province 0.545 0.047 0.318 
Number of Failures 0.337 0.666 0.420 
Price of Electricity 0.648 0.792 0.256 
Quality of Service 0.264 0.727 0.505 
Number of Failures 0.425 1.000 0.224 
Failure Preference 0.147 0.830 0.922 
Amount of El. Heat 0.010 0.105 0.650 
Major Area of El. Use 0.727 0.002 0.262 
Availability of Backup 0.020 0.001 0.456 
Respondent's Sex 0.659 0.125 0.939 
Respondent's Age 0.689 0.809 0.976 
Number of Workers 0.120 0.509 0.091 

for the consistent tendencies. This revealed that the majority of the relationships 

displayed no clear tendencies or the proportions of responses in the two groups 

were practically uniform. The exceptions to this are summarized below: 

1. The first significant effect, amount of electrical heat in SIC 113, is 

caused by the difference in the proportions in the last two 

categories of the Amount of Electrical Heat (Q4) variable (75% 

and 100%). This difference does not have any practical 

significance, considering that the proportions of the responses in 

the two groups in the remaining categories of Q4 are uniform. In 

SIC class 114, respondents in the higher cost group (group II) use 

less electrical heat when compared with the lower cost group 

(group I), but this was not statistically significant. 

2. Respondents in the high cost group indicated more often that the 

interruption would affect "primarily" their farming activities as 

compared with "more", the second category6 of Major Area of 

6 The remaining two categories were not applicable to the worst case cost respondents. 
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Electrical Use variable (Q8). However, this tendency was 

statistically significant only in SIC class 114. 

3. The proportions of backup unit ownership exhibited a strong trend. 

While backup ownership in the low cost group was close to 50%, 

in the high cost group backup ownership increased to 80% in SIC 

class 113, and to 90% in SIC class 114. Both relationships were 

significant. Surprisingly, the same trend was not observed in SIC 

class 162. This is probably caused by the low sample size, in 

particular by the low representation of the low cost group. 

4. Number of workers on the farm (Q17B) displayed positive 

correlation with the placement of the responses into the two 

groups. These tendencies, though consistent, were not statistically 

significant. 

It can be concluded from these results that the ownership of a backup 

supply appears to be the most significant variable. Normal probability plots have 

been prepared for the all three SIC classes broken down by backup ownership. 

The results are shown in Figure 4.11 to Figure 4.16. 

The resulting plots are still not conclusive. The probability plots in the "no 

backup" group tend to display a reasonable linearity in the majority of cases. The 

prooability plots of the second group, respondents who own a backup unit, 

continue to display a sharp bend for the longer durations. This is especially 

pronounced in SIC class 114. On the other hand, the plots for SIC class 162 

suggest that the underlying distribution is normal. The Anderson-Darling test was 

performed for all three SIC classes broken down by backup ownership and all four 

durations. The resulting statistics are shown in Table 4.8. 

The results confirmed that the underlying distribution of the cost estimates 

in the group of users not owning a backup unit can be considered to be normal as 

the probability of committing an error when rejecting the Ho of normality is high. 
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The two significant values, the 1 hour duration interruption in SIC class 113 and 

the 24 hour duration interruption in SIC class 162, can be considered to occur by 

chance as might be expected due to the Bonferroni inequality. 

Table 4.8: Anderson-Darling test of goodness-of-fit for worst case cost data in 
SIC classes 113, 114 and 162 broken down by backup ownership. 
(H0: distribution is normal) 

SIC Backup Duration As P-value 
Ownership 

113 no 1 hours 1.0077 0.01 
no 2 hours 0.6344 0.10 
no 3 hours 0.4155 0.25 
no 24 hours 0.4914 0.15 

113 yes 1 hour 0.3368 0.50 
yes 4 hours 0.6645 0.05 
yes 8 hours 1.9857 <0.001 
yes 24 hours 2.3538 <0.001 

114 no 1 hour 0.2990 0.50 
no 4 hours 0.2849 0.50 
no 8 hours 0.4000 0.25 
no 24 hours 0.3771 0.25 

114 yes 1 hour 3.0392 <0.001 
yes 4 hours 6.1790 <0.001 
yes 8 hours 6.0118 <0.001 
yes 24 hours 6.4019 <0.001 

162 no 1 hour 0.4692 0.25 
no 4 hours 0.5629 0.15 
no 8 hours 0.5602 0.15 
no 24 hours 0.9549 0.01 

162 yes 1 hour 0.9914 0.01 
yes 4 hours 1.2376 0.001 
yes 8 hours 1.5513 0.001 
yes 24 hours 1.5987 0.001 

It is further concluded that the cost estimates in the group of respondents 

owning a backup unit are probably contaminated and the source of contamination 

is unknown as it was not possible to determine it from the given sample (survey). 
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Further, the contamination probably comprises two log-normal distributions, thus 

suggesting two respondent types. Individual categories of users as identified in the 

questionnaire possibly differ in the proportions of the two types of respondents, as 

weL as in the relative location of response distributions for the two respondent 

types. In certain groups, such as SIC class 111 and 112, and in SIC classes 113, 

114, and 162 for respondents without backup, the distributions of the two 

respondent types are either located very close to each other, or one is absent. 

4.3.2. Inferential analysis 

The findings from the previous section have practical implications on the 

following inferential analysis. Non-parametrical statistical techniques have to be 

used in the majority of cases. It is further obvious, that it can be misleading to 

study the marginal distributions alone. It is highly desirable to include the SIC 

class and availability of backup variables into any model constructed. As the non-

parametric multivariate analysis methodology is generally less advanced when 

compared with its parametric counterpart, a one way analysis, the Kruskal-Wallis 

test, will be applied to the selected SIC classes. This test is sensitive to the 

difference in medians between the populations. H. is therefore stated for a n-level 

class variable as M1 = M 2 = = M n. This test further allows for unequal group 

sample sizes. The usual analysis of variance (ANOVA) method is used in cases 

where the underlying distribution was identified as being normal. During the 

preliminary investigation of the data, three user characteristic variables which play 

an important role in distinguishing between customers have been identified, namely 

the SIC class, the availability of a backup, and the utility service area. The effect 

of these variables is investigated in the following sections. It should be 

emphasized, that all tests are again performed on the log-transformed cost 

estitnates, and a distribution of log-transformed data is assumed whenever the 

distribution of data is referred to. For the non-parametrical tests based on ordered 

scores this distinction is of no interest. 



88 

4.3.2.1. Effect of SIC class on the worst case cost estimates 

It was concluded from the pilot surveys that the type of customer as 

identified by the Statistics Canada's SIC Class has a predominant effect on the 

magnitude of the cost estimates. An objective of the following investigation was 

to confirm this hypothesis using formal statistical tests. 

As identified earlier, the pooled responses do not appear to be normally 

distributed, nor do the responses in each of the SIC classes. It is therefore 

necessary to use the non-parametric test identified above. This test was performed 

on all SIC classes included in the survey. The representation of some classes was 

rather low. The test was therefore repeated on the reduced set of SIC classes. 

The selection criterion was a requirement of at least 10 responses in each SIC 

class. The results for the complete set of SIC classes as well as for the reduced 

set were significant well beyond the 0.0001 level for all durations. These tests, 

however, did not take into consideration the effects of the other variables. 

The test was repeated for the reduced set of SIC classes separately for non-

owners and owners of backup. All results were again significant well beyond the 

0.0001 level. The variation among SIC classes was much higher in the group of 

backup owners than in the group of respondents without backup as indicated by the 

Kruskal-Wallis statistics, which was over three times higher. 

It is not possible to perform the tests for SIC significance in all the utility 

service areas since the sample sizes in many of them are small. The Ontario 

Hydro and Hydro Quebec service areas were selected because of their higher 

representation (sample sizes 213 and 114 respectively). The set of SIC classes had 

to be further reduced to keep the group sizes at a reasonable level. As a result, 

only SIC classes 111, 112, 113, 114, 137, and 162 were included for the analysis 

in the Ontario Hydro service area, and only SIC classes 111, 112, 113, 114, and 

162 were included in the Hydro Quebec service area. Significant differences 

between the SIC classes were still present in both utility service areas. While the 
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P-values were well below 0.0001 in the Ontario Hydro service area, in the 

o Quebec service area the P-values were 0.0006, 0.0015, 0.0010, and 0.0011 

e 1, 4, 8, and 24 hour durations respectively. 

In conclusion, it can be confirmed that the type of customer as represented 

by the SIC class was correctly selected as a primary variable for customer 

ide tification. It can be therefore misleading to apply the agricultural sector CDF 

in y given region without giving careful consideration to user composition in that 

regi n. 

4.3. .2. Effect of availability of backup on the worst case cost estimates 

The research previously conducted in the other sectors [5] identified the 

av lability of a backup system to be another variable of primary importance. 

No -parametrical, Kruskal-Wallis tests were therefore performed on the total set of 

responses including only those users who answered the backup ownership question 

(tot of 811 responses). The test revealed that the two groups of respondents 

diff r significantly; all four P-values were below 0.0001 level. The tests were, 

the fore, repeated for the selected SIC classes (those with higher response rates), 

and the resulting P-values are shown in Table 4.9. 

Ta i le 4.9: Significance levels of the Kruskal-Wallis test for effect of backup 
ownership on the worst case cost estimates in the selected SIC 
classes. (H.: no difference exists in the median location between 
owners and non-owners of backup) 

SIC Class 
Dur 111 112 113 114 162 
1 hour 0.9322 0.7221 0.0603 <0.0001 0.2515 
4 hour 0.4514 0.8132 0.0690 <0.0001 0.4954 
8 hours 0.6510 0.7452 0.0251 <0.0001 0.2841 

24 hours 0.6741 0.6956 0.0133 <0.0001 0.2083 
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The results revealed that for the SIC classes 111 - Dairy, 112 - Cattle, and 

162 - Greenhouse the differences in cost estimates between the group of farmers 

owning a backup and those who do not are insignificant. For the SIC class 113 -

Hog farms, the differences for shorter durations were non-significant, while the 

difference for the 24 hour duration was significant. The differences in the SIC 

class 114 - Poultry and Egg farms, were significant well beyond the 0.0001 level. 

Further research confirmed that it is not simply the SIC class 114 or SIC class 

113, which causes the significance of tests of the pooled SIC classes, but rather, it 

is the difference in location parameters of the individual SIC classes combined 

with the proportion of backup ownership in the individual classes. This is a 

practical example of how omitting one variable from the analysis can easily lead 

towards spurious results and possibly to a wrong conclusion. 

In conclusion, the effect of backup ownership is statistically significant only 

for some SIC classes. From the SIC categories tested, only SIC class 114 -

Poultry and Egg clearly displays statistically significant differences in location of 

medians for the two groups of respondents. It is interesting to note, that SIC class 

114 was the group with the most apparent presence of distribution contamination in 

the group of backup owners. It is therefore possible that, provided that the source 

of this contamination could be identified, the effect of backup ownership might 

prove to be nonsignificant even in SIC class 114. SIC class 114, however, is one 

of the high cost classes, so that the result presented have high practical importance. 

SIC class 113 - Hog farms showed significant difference between the location of 

medians only for the 24 hour interruption duration scenario, but the P-value for the 

8 hour interruption duration scenario was practically equal to 2.5%. The remaining 

three SIC classes which were investigated, namely SIC 111, 112, and 162, showed 

non-significant differences in the location of the medians for the two groups of 

respondents as identified by backup ownership. Again, it should be noted that the 

SIC class 162 - Greenhouse is one of the high cost classes. It is the author's 

opinion that the knowledge of backup ownership does not contribute significantly 

to the information about the estimates of the worst case costs, provided the backup 
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unit is not used during a power interruption. However, because it can be expected 

that the backup would be used during an interruption, which would perhaps result 

in lower interruption losses, the knowledge of backup ownership has important 

practical implications. 

4.3.2.3. Effect of the utility service area on the worst case cost estimates -

transferability of the results 

It is important from the practical application point of view, to determine the 

effect of the utility service area on the cost estimates since the transferability of the 

cost estimates is highly desirable. As has already been established, the SIC class 

is an important variable. Because the relative representation of SIC classes varies 

among the utility service areas, the tests had to be run on the individual SIC class 

levels. The reduced set of SIC classes included the following: 111 - Dairy farms, 

112 - Cattle, 113 - Hog, 114 - Poultry and Egg, and 162 - Greenhouse. The usual 

ANOVA tests were performed in SIC classes 111 and 112, where the underlying 

distribution appears to be normal. Non-parametrical, Kruskal-Wallis tests were 

performed in the remaining three SIC classes. The results of the ANOVA tests are 

shown in Table 4.10. 

Table 4.10: Resulting statistics from the ANOVA tests for the effect of utility 
service area on the worst case cost estimates in SIC classes 111 and 
112. (Ho: no difference exists between group means) 

Dur 
SIC class 111 

F P-value 
SIC class 112 

F P-value 
1 hour 0.77 0.5734 1.59 0.1817 
4 hour 0.33 0.8938 1.10 0.3714 
8 hour 0.69 0.6321 1.30 0.2806 

24 hour 0.79 0.5812 0.60 0.6997 

The effect of the utility service area is clearly non-significant in both SIC 

groups for all durations. Multiple comparison T-tests were run to test the 

differences between the individual means. All tests proved to be nonsignificant on 
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the 5% level in SIC class 111. The variations between the means appear to be 

truly random, and the ordered sequence of the utility service area means differs for 

each duration. 

In SIC class 112, the results of the T-tests pointed towards the existence of 

the two groups for all durations except for the 24 hour interruption. The ordered 

seqaence of the utility service area means, however, vary for the individual 

durations and the two groups overlap considerably. Despite this, some 

observations can be made. The means of the responses from the Ontario Hydro 

service area appear to be among the highest for all durations, while the means of 

the responses from the Hydro Quebec service area tend to be among the lowest. 

Two service area CDF's differ in slope from the remaining service area CDF's: 

SaskPower's CDF has a higher slope and Nova Scotia Power's has a lower slope. 

There is further an inherent problem with the repeated T-test resulting from the 

Bonferroni inequality. For example, if an a of 5% is selected, this significance 

level is comparison-wise (associated with each comparison only). Methods to 

control the experiment-wise error rate are available, but these methods typically 

sacrifice the power of the individual comparisons. As an example, Tukey's 

studentized range test was used in the SIC class 112 data set. As a result, there 

were no significant differences between the SIC class means. 

Non-parametrical, Kruskal-Wallis tests was used in SIC classes 113, 114, 

and 162. The resulting statistics are shown in Table 4.11. In SIC class 113, only 

the 24 hour duration P-value was significant. Further investigation revealed that 

the TransAlta utility service area was represented by only one response, and that 

differed considerably from the rest of the cost estimates . This observation was 

therefore excluded from the data set and the Kruskal-Wallis test repeated. The 

results were all highly non-significant, which points towards no effect of the utility 

service area on the resulting cost estimates. 
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Table 4.11: Significance levels of the Kruskal-Wallis tests for effect of the utility 
service area in selected SIC classes. (H.: no difference exists 
between group medians) 

SIC class 

Dur 
113 

CHI P-value 
114 

CHI P-value 
162 

CHI P-value 
1 hour 8.01 0.4325 15.35 0.0321 6.79 0.4573 
4 hour 12.94 0.1141 21.87 0.0027 4.95 0.6660 
8 hour 16.67 0.0338 23.49 0.0014 10.23 0.1760 

24 hours 17.65 0.0240 23.24 0.0015 12.14 0.0962 

The differences between group medians in SIC class 114 were significant at 

the 2.5% level with the exception of the 1 hour duration. The analysis of this SIC 

class was therefore repeated separately for owners and nonowners of backup. The 

results indicate that the differences in cost estimates of respondents not owning a 

backup are highly non-significant with P-values of - 0.7155, 0.9134, 0.7005, and 

05447. The group sample sizes were generally low, but the location parameters of 

all reasonably represented utility service areas appear very close. On the other 

hand, the differences between the group medians for backup owners were clearly 

significant with P-values of 0.0026, 0.0005, 0.0002, and 0.0009. Further study 

revealed that the medians of cost estimates in the individual utility service areas 

were reasonably close with the exception of the median in the Hydro Quebec 

service area, which was located distinctly lower. This trend of responses from 

Hydro Quebec to be in the lower range of the cost estimates is apparent in the 

other SIC classes as well, though it is not sufficiently pronounced to cause a 

statistical significance. This difference may be related to the way the survey was 

carried out in the province of Quebec'. The tests were repeated after excluding 

responses from the Hydro Quebec service area, and the results were non-significant 

with P-values of 0.2238, 0.4443, 0.3307, and 0.3385. The tests were repeated for 

7 For confidentiality reasons, the entire survey in the Province of Quebec was carried out by 
l'Union des producteurs agricoles (UPA) and U of S research team was presented with the 
completed questionnaire and matching consumption record. 
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the entire SIC class 114 (both for owners and, non-owners of backup) with 

responses from Hydro Quebec's service area excluded. The results were all, as 

expected, non-significant. 

In conclusion, the effect of an utility service area on the resulting cost 

estimates is statistically non-significant with the exception of the Hydro Quebec 

service area. The cost estimates from the Hydro Quebec service area appear 

persistently in the lower range of the cost estimates, and this difference becomes 

statistically significant in the SIC class 114 - Poultry and Eggs for the group of 

respondents owning backup. It is further suggested that this anomaly may be 

related to the unique method of collecting data in this province. 

4.3,2.4. Summary 

As a result of the inferential analysis of the worst case cost estimates it has 

been confirmed that the SIC class is the most important user characteristics 

variable. 

The availability of alternative power supply is probably not statistically 

significant with the exception of SIC class 114, where the availability of backup 

has a statistically significant effect on the location of the medians. The presence 

of contamination within the distribution of responses in this group makes this result 

somewhat uncertain. It is possible that the unknown variable(s) causing the 

contamination is (are) responsible for the observed significance rather than the 

availability of backup. Backup ownership is, however, expected to have important 

practical implications on the magnitude of interruption losses, as it would be, in all 

likelihood, operated during the interruption. 

The investigation of the effect of utility service area on the worst case cost 

estimates revealed that this effect was statistically non-significant with the 

exception of users in SIC class 114 who own a backup. In this group of 

respondents the Hydro Quebec utility service area exhibits a statistically different 
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location of the cost estimates median than the location of the medians in the other 

service areas. The remaining service areas then exhibit no significant differences. 

It is suggested that the location of medians in the Hydro Quebec service area, 

below the medians of other service areas, is possibly related to the unique way of 

conducting the survey in the province of Quebec. It should be noted that the 

difference in location parameters of the Hydro Quebec responses is not responsible 

for the contamination of the distribution of the worst case cost data. 

4.3.3. Effect of cost estimate normalization 

All the presented statistical analysis was carried out on the set of the 

original, not normalized responses. It is logical to suggest that the difference in 

the size of a farm has a profound effect on the cost estimates. Furthermore, it can 

be suggested that the differences between the SIC classes can be simply caused by 

the inherent differences in the average farm consumption of electrical energy or 

their peak demand. In fact, the normalization by the annual peak demand and 

annual electrical energy consumption is widely used as discussed in Chapter 2. 

It is therefore important to address the question of whether it would not 

have been better to study the variation of the responses on the normalized set 

rather than on the original set of data. This concern is addressed in this section. 

Only the relationship between the annual consumption and the worst case cost 

estimates is discussed, as the annual consumption correlates very strongly with the 

peak demand for those respondents for whom the peak demand was directly 

available. For the remaining respondents, the peak demand was calculated from 

their annual consumption using the SIC class average load factor. 

The scattergrams of the annual consumption as a function of the worst case 

cost estimates for all four durations are shown in Figure 4.17 and Figure 4.18. 

These scattergrams clearly indicate that there is no apparent relationship between 

the magnitude of the worst case cost and the annual electricity consumption. 

Similar scattergrams were prepared for the individual SIC classes and levels of 
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oth r user characteristics variables without any success in finding apparent 

co elation. It can be, therefore, concluded that the normalization process does not 

red ce variation of the worst case cost estimates due to the different farm size as 

me sured by annual consumption. It is important to address what practical 

im lication this finding has on the methodology used to calculate CCDF's 

ex essed in $/respondent, $/kWh, and $/kW. 

Three primary location indices can be used to represent a given dataset: 

arit metic average (mean or expected value), median, and mode. Values of these 

thr e indices are identical only in the case of a single peak symmetrical 

dis 'button. The arithmetic average represents a "centre of gravity" of the random 

v able. It is therefore strongly influenced by the high values of the random 

v able. The median is the 50th percentile and, unlike the mean, its value is not 

infl enced by the shape of the distribution tails. The third location parameter, the 

mo e, is the location of the highest density of responses, and in practical survey 

an. ysis is of little use due to its unreliability. For example, rounding of responses 

to particular value, say $1000, can easily produce a strong mode which might by 

in act quite distant from the mode constructed on smaller intervals, and that in 

to can be different from the mode when larger intervals are used. 

A strong argument for the use of the mean as compared to the median to 

esti ate the central tendency of the worst case cost is that the high cost 

res ondents do have a high consumption, and therefore pay primarily for the 

ex nditures associated with power system enhancements. However, this is simply 

not the case. The use of a median is therefore more justifiable to the users with 

hig consumption but low interruption losses. It is suggested, that the simple $ per 

respondent values be calculated using medians rather then means. 

The impact of no apparent correlation between user's cost estimates and 

an al consumption on the methodology used for the calculation of the normalized 

dat is more difficult to address. Use of simple averages of the normalized values 
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to calculate the resulting central tendency is unjustifiable. These indices are, 

however, calculated using "aggregated averages" as explained in Chapter 2. These 

aggregated averages are weighted averages of consumption normalized values for 

all respondents in the given group (SIC class) as shown in Equation 4.3. 

k cost; k cost; cons, 
I — weight, = I —  
i' l cons, i=i cons, k 

I cons, 
i=1 

where 
k is number of responses in the given group. 

k 

cons, 
1=1 

k 

cons, 
1=1 

(4.3) 

Similarly, it can be shown that the resulting sector CDF in $ per kWh is 

essentially calculated as the sum of the cost in the agriculture sector divided by the 

sum of the annual consumption in the agriculture sector (due to the strong 

correlation between the peak demand and the annual consumption the same is 

approximately true for the peak demand normalized CDF). The use of different 

sources of the consumption information during the process of CDF calculation 

serves the sole purpose of mitigating the effects of a nonrepresentative sample with 

regard to the SIC class representation. This shows, that unlike the case of the "per 

respondent" values, little can be stated against the methodology used in the 

normalized value calculation. Considering that the peak demand normalized values 

are of primary importance in utility planning and operation, and that the "$ per 

respondent" values are used mainly for comparison of individual customer groups, 

it is recommended that the present methodology be not altered. 

4.4. Analysis of Preparatory Action Cost Question 

In the preparatory action cost question, respondents were asked to choose 

the action or actions that they would take in order to mitigate effects of the power 
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interruption specified in each of five scenarios. The list of possible actions 

consisted of the following: 

1. Make no preparation and put up with the failure. 

2. Use a lantern or flashlight that would cost 50c/hour to operate. 

3. Use a portable gas stove that would cost $1.5/hour to operate. 

4. Use a kerosene light/heat/cooking unit that would cost $5/hour to 

run. 

5. Buy a small portable electric generator that can handle light loads 

such as lights, TV, power tools, etc. It has a capital cost of 

$1000, an operating cost of $3/hour, and a lifespan of 15 years. 

6. Buy a medium sized generator that can handle a regular house 

load (or any single building). It has a capital cost of $4000, an 

operating cost of $5/hour, and a lifespan of 15 years. 

7. Buy a large self-starting generator that can handle the entire farm 

load. It has a capital cost of $13000, an operating cost of 

$7/hour, and a lifespan of 20 years. 

The scenarios included 20 minute, 1, 4, and 8 hour interruptions occurring monthly 

and 4 hour interruption occurring twice a month. The methodology used to 

calculate the monetary values from the individual responses is described in Chapter 

3. Respondents could select several actions, but only the two most costly were 

recorded in the dataset. These were further reduced for the purpose of this 

analysis so that only the most costly action was used. Furthermore, all responses 

with the preparatory action cost question not completely answered were discarded. 

This decreased the total sample size to 5384 responses. 

4.4.1. The distribution of the preparatory action cost estimates 

The frequencies of selection of the individual actions are shown in 

Table 4.12. The frequencies in the table divided by the total number of responses 

to all four scenarios (5384 x 4=21536) results in a joint distribution with two 

variates: interruption duration and preparatory action. The marginal frequencies of 

the interruption duration are fixed by the experiment. The marginal frequencies of 
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the preparatory action are not fixed and will be discussed shortly. Histograms of 

the action selection for each duration are shown in Figure 4.19. 

Table 4.12: Frequency table of preparatory action selection 

Action 
Duration 1 2 3 4 5 6 7 
20 minute 3213 1132 111 126 125 227 400 
1 hour 1919 1516 314 290 243 512 590 
4 hour 601 692 486 714 747 1109 1035 
8 hour 236 280 307 566 990 1502 1503 

marginal 5969 3620 1218 1696 2105 3400 3528 

The histograms clearly display a shift of the distribution towards the higher 

cost options for the longer durations. While the vast majority of respondents 

indicated that they would 'do nothing' for a 20 minute interruption, the majority of 

respondents would buy a medium or large power generator for an 8 hour 

interruption. All distributions, with an exception of the 8 hour interruption, display 

a saddle in the centre area. As a result, the preparatory action marginal 

distribution displays a significantly lower selection rate for the three middle 

opti • ns: a stove, a light/heat/cooking unit, and a small generator. The lower 

relative selection rate of these middle cost actions can be simply caused by the 

character of the actions, since the purchase of a gas stove or light/heat/cooking unit 

may not represent, in the respondent's opinion, an appealing investment. It is, 

however, equally likely that this characteristic is inherent to the cost data. In fact, 

a similar characteristic was observed during the analysis of the worst case cost 

dat 

It is interesting to note, that the classification of responses by the backup 

ava lability has a profound effect on the statistical distribution of responses. Not 

onl are the distributions of responses for those who own a backup statistically 

hig er than the distributions of responses for those who do not, but the 

dist "butions of responses in the latter group appear to be unipeaked (assuming that 
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the consistently lower frequency of selection of action No. 3 "Portable gas stove" 

was caused by the less appealing character of this option). Histograms of both 

respondent groups are shown in Figure 4.20. The distribution of responses in the 

group of respondents who own a backup unit still displays two peaks. 

The individual preparatory actions serve the sole purpose of estimating the 

interruption costs using the economical method of substitution. It is therefore 

important to take into consideration the underlying monetary values associated with 

the individual preparatory actions. These are shown for all interruption durations 

in Table 4.13, and are plotted as a function of action number and as a function of 

interruption duration in Figure 4.21. 

Table 4.13: Monetary values associated with the individual preparatory actions 
for the various scenarios. 

Action Number 
Duration 1 2 3 4 5 6 7 
20 minute 0 0.167 0.5 1.67 9.93 36.75 101.06 
1 hour 0 0.5 1.5 5 12.43 41.01 107.52 
4 hour 0 2 6 20 23.98 60.16 136.58 
8 hour 0 4 12 40 39.31 85.71 175.33 

While the cost for any given action increases linearly with the interruption 

duration, the individual slopes of these characteristics vary as can be seen in 

Figure 4.21. Furthermore, there exists a discontinuity in the rate of increase of 

these slopes. This results from the use of the two approaches in order to specify 

the cost associated with a given action: the lump sum per hour of operation is used 

for the first three actions, while the capital cost and the operating cost per hour is 

used for the actions involving a purchase of a generator. A highly undesirable 

consequence is the overlap of the characteristics of actions No. 4 and No. 5 for the 

8 hour duration scenario. 
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The histograms shown in Figure 4.19 and Figure 4.20, reflect only the 

distributions of the selection rate of the individual preparatory actions. In order to 

take into consideration the underlying monetary values associated with each action, 

it is necessary to review the methodology for construction of the histograms. 

The procedure used for the construction of a histogram for any continuous 

random variable is to select the number of classes by their boundary values. The 

frequencies of the responses falling into the individual classes divided by that class 

length (interval) are then used for the histogram construction. Thus, the frequency 

in each class is represented by a rectangular area. The magnitudes of these 

rectangular areas are then proportional to the probabilities of a response falling into 

the corresponding class. It is often unnecessary to divide the frequencies by the 

class length, as the common practice is to choose equal class intervals. However, 

in this case, not only are the class intervals unequal, but the boundaries of the class 

intervals are unknown. This is because we are presented with the frequencies of 

the underlying continuous variable - the cost of interruption. These frequencies 

correspond to the class midpoints - the costs associated with the given preparatory 

actions. If the monetary values associated with the preparatory actions were 

equally spaced, then the class boundaries would lie halfway between the class 

midpoints as indicated in Equation 4.4. 

(t; tH) (t; - ti.,) 
t;   < x; + 

2 2 
where 

t; is the j-th class midpoint. 

(4.4) 

However, the monetary values associated with the preparatory actions are 

not evenly spaced and Equation 4.4 cannot be used directly. One way to find an 

approximate set of the class boundary values is to find a transformation of the 

action costs which would produce reasonably linear cost characteristics. Equation 

4.4 then can be applied and the boundary values found from the inverse 
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transformation. It should be emphasized that such an approach is only an 

approximation, as each respondent may perceive the class boundaries differently. 

It is clearly not possible to find one function which will linearize the 

characteristics for all durations. While the characteristics for 20 minute and 1 hour 

interruptions can be reasonably linearized using simple logarithmic transformations 

(e.g. log(x+0.1) and log(x+0.3) for the 20 minute and 1 hour interruption durations 

respectively), a more complex function is required to linearize the 4 hour 

interruption characteristic. The 8 hour interruption characteristics cannot be 

linearized at all due to the overlap of actions No.4 and No.5 for this scenario. 

The corrected histograms (with the exception of the 8 hour duration 

histogram) can be constructed after the class boundaries are determined from the 

transformed variate. These histograms display a monotonically decreasing 

characteristic for all durations which resembles the worst case cost question 

distributions. The histograms are not shown here due to space limitations and 

because of their limited practical use for further inferential analysis. Their 

importance lies in the establishment of the similarity between the general shape of 

the worst case cost estimates distribution and the preparatory action cost 

distribution. Both distributions are thus highly positively skewed and both require 

some form of logarithmic transformation before further analysis can be undertaken. 

After performing such transformations, the inferential analysis of the preparatory 

action cost question estimates would be essentially identical to the analysis 

performed on the action scores 1 to 7. 

4.4.2. Inferential analysis of the preparatory action cost estimates 

The preparatory action cost estimates represent a continuous random 

variable - interruption costs. However, due to the methodology used, it is 

measured only on a scale of seven levels. An application of the usual ANOVA 

tests in such a case can lead to difficulties even if the underlying distribution is 

normal [22]. Non-parametrical methods typically suffer from poor handling of ties, 
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and therefore cannot be recommended at all. It is safer to consider the variate to 

be categorical, more specifically ordinal. Log-linear models can be used for the 

analysis. However, while these models are suitable for the analysis of interactions 

between a set of independent variables, they are awkward when used to analyze 

the effects of a set of independent (or explanatory) variables on dependent (or 

response) variables. It is also difficult to include the ordinal information in its 

general form in the model. By comparison, the use of logit models is far more 

suitable for our purpose. 

Logit models clearly distinguish between the explanatory variables and 

dependent variables. Like regression models for continuous quantitative variables 

and unlike the log-linear models, they do not provide information on interactions 

among explanatory variables. As a result they are simpler to formulate and 

interpret in the multivariate situations then the log-linear models. In fact, they 

more closely resemble the usual linear regression than do the log-linear models. 

An example of the first order interaction logit model for one dichotomous 

dependent variable and two independent variables is shown in Equation. 4.5 

Mij2 

log — 
mq1 

where 
mo, 
a 

= a + + (4.5) 

is the observed frequency in the cross table, 
is the intercept, 
are the model dependency parameters (Et1=0, 

In order to test the hypothesis of no effect of the first independent variable, 

it is necessary to test whether all C parameters equal 0. Similarly, to test the 

hypothesis of no effect of the second independent variable it is necessary to test 

whether all c parameters equal 0. This model can easily include the second order 

interaction (t, parameters) and thus become saturated (with a prefect fit). It is 

possible to include in the model information about the ordinal character of any 

explanatory variable in a similar fashion as it can be done in the log-linear models: 
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by signing scores to the individual levels of the explanatory variable. The first 

ord r interaction model is shown in Equation 4.6. However, this modification 

suf rs from exactly the same drawbacks as the ordinal modification of the log-

line model, namely, it is assumed that the dependent variable is a linear function 

of e explanatory variable scores. 

Mij2 

log — = a + + b(vi-va) 
m11

where 
b is a parameter (constant for all levels of j), 
vi is the j-the score, 
va is the average score. 

(4.6) 

In the example logit model shown in Equation 4.5, it is assumed that the 

res s onse variable is dichotomous. If the response variable has more than two 

levels, say n, n-1 response parameters have to be calculated as functions of the 

individual cell frequencies. A common practice in computer packages which can 

be sed to fit logit models (e.g. SAS or SPSS-X) is to calculate the n-1 ratios by 

t g the last frequency value (corresponding to the last level of the response 

v able) as a denominator and the remaining frequency values, one at a time, as 

nu erators. Such an arrangement, referred to as generalized logits, ignores the 

ore nal character of the response variable. However, the ordinal information can 

be easily taken into consideration by the appropriate selection of the response 

fun Lion. The simplest approach is to take ratios of the adjacent values of the 

tab frequencies as shown in Equation 4.7 

mk+l 

Lk = log — , 
mk 

k=1,...,n-1 (4.7) 

where 
Lk is the k-th response function, 
mk is the frequency of k-th level of response variable. 
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This type of response function is, however, prone to adverse effects from 

andom variation associated with the low frequencies in some table cells. The 

nse function which rectifies these problems to a large degree is called 

lative or accumulated logit, and is shown in Equation 4.8. 

Lk = log 
mk,.1 + + 

m l +... + Mk 

k=1,...,n-1 (4.8) 

This response function not only smooths out the random variation associated 

the low sample sizes in some cells', but also has the desirable property that it 

s the parameters ordered according to their magnitude. This becomes obvious 

is realized that Equation 4.8 can be rewritten using a cumulative distribution 

on F as shown in Equation 4.9. 

1 - Fk 

Lk = log   k=1,...,n-1 
Fk 

(4.9) 

This eases the comparison of the statistical distributions on the various 

leve s of the explanatory variables, namely the identification of statistically lower 

dis butions from the statistically higher distributions. 

Another response function which is conceptually even more simple than the 

cu lative response function employs the means of the response scores. This 

app oach resembles regression analysis, but because of the different method used to 

fit he model (weighted least square or maximum likelihood methods), the 

req irement of normality of the underlying distribution is relaxed. It is a 

reas • nable strategy to use the models which employ mean response functions 

whe ever the ordinal nature of the response variables is due to a crude 

me.,urement of the inherently continuous underlying variables. This is true in this 

8 A s all constant is often added to each of the cell frequencies in order to alleviate the 
problems w th random zero cell frequencies. 
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case. The most appealing effect of the use of the mean response functions is the 

reduction of the number of response parameters for each level of the independent 

variable from n-i to 1. This reduction permits the fitting of more complex models, 

while satisfying the usual requirement of about 25 responses per response function, 

and it further alleviates common problems associated with low frequencies in some 

cells (i.e. for the shorter durations, the vast majority of responses is concentrated 

around option 1 and 2 - to do nothing or to use a flashlight). Nonetheless, it 

should be noted that the use of the mean response functions results in the loss of 

some information contained in the data. Models which use the mean response 

functions thus typically display less power when compared with other response 

function models. 

In the following data analysis, the cumulative response function has been 

selected for the construction of the logit models whenever there was a sufficient 

sample size. Mean response function models were used when the response sample 

size was too small. 

Before proceeding with the actual inferential analysis, it should be 

appreciated that the results of the tests were often inconsistent for the four 

scenarios and therefore difficult to interpret. In particular, a reappearing pattern 

was that the 20 minute and 8 hour scenario tests were non-significant, while at the 

same time 1 hour and 4 hour tests were quite significant. These anomalies were 

usually not caused by the overall low sample sizes, but rather by the high 

skewness of the distributions for the two extreme duration scenarios. It was 

therefore often necessary to examine very carefully the individual tendencies 

among groups under investigation in order to identify consistent and meaningful 

trends. 

4.4 

CO 

2.1. Effect of SIC class on preparatory action cost estimates 

As with the worst case cost question, an analysis was performed in order to 

firm the original assumption that the SIC class has a predominant effect on the 
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inte ption cost estimates. A reduction in the number of SIC classes was 

nec ssary due to the low sample sizes in many of them. As a result, only the SIC 

cla ses listed in Table 4.14 were used for the analysis. Several other SIC classes 

(e.: SIC 141 - Crop Combinations) have adequate sample sizes, but were excluded 

fro the analysis because they are combinations of farming activities. 

Ta le 4.14: Response rates to the preparatory action cost question in the selected 
SIC classes. 

SIC Class Frequency 
111 Dairy Farms 559 
112 Cattle Farms 604 
113 Hog Farms 604 
114 Poultry and Egg Farms 398 
162 Greenhouse Product Farms 211 
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A cumulative logit model was fitted to the data. The effect of the utility 

ice area was significant with P-values below the 0.0001 level for all durations. 

ther model, which included the effect of utility service area as well as the 

s-effect of the SIC class and utility service area, yielded similar results. The 

logical step was to examine the effect of the SIC class in the individual utility 

ice areas, since the relative representation of the individual SIC classes varies 

the utility service area. The sample sizes appear rather small with the 

ption of the Ontario Hydro, Hydro Quebec, and perhaps B.C. Hydro service 

s as can be seen in Table 4.15. These utility service areas were therefore 

cted for further investigation. 

The average cell frequencies are often lower than recommended, but the 

hig skewness of the two extreme duration distributions represents a more serious 

pro s lem. The cumulative logit model, which was fitted to the data, indicates 

si: ificance of the SIC class effect below the 0.0001 level for all durations. 

Dis i 'butions of the preparatory action cost estimates were studied in the individual 

SI I classes, and the results pointed towards two groups. The first group 
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comprised SIC classes 111, 112, and 113, and their distributions were statistically 

lower than the distributions in the second group which comprised SIC classes 114 

and 162. The ordered sequence of the SIC class distributions in the two groups 

remains practically constant in all service areas. For example, in the Ontario 

Hydro service area the ordered sequence (in ascending order) is 111, 112, 113, 

114, and 162. The distributions of 112 and 113 appear very close, and they 

overlap for the longer duration scenarios. In the Hydro Quebec service area, as 

well as in the B.C. Hydro service area, the SIC class 114 had a statistically higher 

distribution than SIC class 162 for all durations. 

Table 4.15: Response rates to the preparatory action cost question in the selected 
SIC classes and utility service areas. 

SIC Class 
Service Area 111 112 113 114 162 Total 
Alberta Power 7 40 17 5 0 69 
B.C. Hydro 59 92 31 88 54 324 
Hydro Quebec 163 56 67 66 21 373 
Manitoba Hydro 28 54 70 40 6 198 
Nova Scotia P. 68 68 35 36 9 216 
Ontario Hydro 122 146 107 77 101 553 
Maritime Elect. 45 46 33 4 2 130 
S askPower 55 79 44 31 12 221 
TransAlta 12 23 7 51 6 99 
Total 559 604 411 398 211 2183 

A cumulative logit model was subsequently fitted to each of the two SIC 

groups in order to establish whether the variation among the SIC classes inside the 

two groups was non-significant. The results are summarized in Table 4.16. 

The non-significant results observed for the shorter durations in the Ontario 

Hydro service area , group I, are apparently caused by the fact that most 

respondents in this group have chosen the "to do nothing" option. As the duration 

of the interruption increases, the difference between SIC class 112 and SIC classes 

11" and 113 increases. The differences in the second group, though consistent, are 
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non-significant with the exception of the 1 hour interruption, in which case a 

sign ficantly higher percentage of respondents in SIC class 114 indicated that they 

would still "do nothing". The tests in the Hydro Quebec service area revealed that 

the distributions of the individual SIC classes in both groups separate progressively 

as the interruption duration increases. However, the distributions in the SIC 

classes 113 and 111 were again situated very close to each other. 

Table 4.16: Significance levels of the cumulative response function logit model 
for the effect of SIC class in the two selected groups in the Ontario 
Hydro and Hydro Quebec service areas (group I comprises SIC 
classes 111, 112, and 113; group II comprises SIC classes 114 and 
162). 

P-value 
Ontario Hydro Hydro Quebec 

Dur Grp. I Grp. II Grp. I Grp. II 
20 min 0.6986 0.0416 0.1873 0.3398 
1 hour 0.0558 0.0058 0.0293 0.1671 
4 hour 0.0001 0.0609 0.0002 0.0015 
8 hour 0.0001 0.1059 0.0044 0.0039 

The effect of SIC class was studied further in the group of respondents who 

own a backup and in the group of responses who do not. The effect of the SIC 

class appears to be significant below the 0.0001 level for all durations in both 

groups with the exception of the 20 minute interruption in the group of respondents 

who do not own a backup where the significance level was 0.0057. This result 

was clearly caused by the skewness of the distributions as the vast majority of 

respondents indicated that they would "do nothing". 

It was not possible to study the effect of the SIC class in all service areas 

broken down by backup ownership since the resulting sample sizes are too small. 
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In conclusion, it has been again confirmed that the SIC class was justifiably 

selected as a variable of the primary importance for the categorization of 

agricultural sector respondents. The analysis further revealed that certain SIC 

classes have similarly placed distributions, namely SIC class 111 and 113, and, to 

a lower degree, SIC classes 114 and 162. It is expected that the SIC classes 

representing a combination of the basic- type classes will have characteristics 

derived from the respective relative representation of these basic type classes. 

Information on the relative contribution of the individual farming activities to the 

comoination farm would be therefore essential input for any further analysis of the 

combination farm responses. 

4.4.2.2. Effect of the utility service area on the preparatory action question 

cost estimates - transferability of results 

The conclusion for the transferability of results analysis in the worst case 

cost question was that the differences between the individual service areas are non-

significant, perhaps with the exception of the Hydro Quebec service area in SIC 

class 114. The objective of the following analysis was to confirm these results. 

The analysis had to be performed separately for the selected SIC classes. 

As a result, the analysis suffers from extremely small sample sizes. These small 

sample sizes necessitate the use of the means response function. Use of this 

response function results in information loss. However, this loss is expected to be 

lower than the information loss which is expected if an alternative method of 

amalgamating some categories is used. This was, in fact, confirmed by several 

experiments in which cumulative logit models were fitted to the reduced set of 

response options. The inherent problem of the latter approach is that in order to 

stabilize the number of responses in all cells of the reduced variable, a different 

reduction is necessary for each interruption duration. For example, the requirement 

of a reasonable number of responses in all cells for the 20 minute interruption 

duration would result in the three response categories: "to do nothing", "use a 

flashlight" and "others". The "others" category would then combine all five 
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re aining response options. Such a reduction could lead to the practically 

insi ificant differentiation between response groups based on which group uses 

the flashlight more often. The obvious solution to this problem is to create only 

tw • response categories (by combining "to do nothing" and "use a flashlight"). 

Thi is clearly too crude an alternative when compared with the use of the mean 

res onse function. 

Similarly, the selection of SIC classes was based on the requirement of 

suf icient sample sizes. Combination type farms were excluded. This resulted in 

the selection of SIC classes 111, 112, 113, 114 and 162. The respective sample 

siz s are shown in Table 4.15. The discussion of the utility service area in each 

SII class follows. 

(i) IC class 111 

The results of the mean response function model in SIC class 111 proved to 

be .ignificant for all durations, with respective P-values of 0.0131, 0.0008, 0.0000, 

an 0.0020. However, the only two service areas having reasonable sample sizes 

we e Ontario Hydro and Hydro Quebec. The cumulative response function model 

fitt d to the responses from these two service areas proved to be non-significant, 

wi respective P-values 0.1554, 0.2279, 0.0687, and 0.6214. The cost estimates 

fro the Hydro Quebec service area do not appear to be lower than the others, as 

it as in the case of the worst case cost question. They seem to be distributed 

si ilar to the Ontario Hydro and Alberta Power service area cost estimates. By 

co parison, the cost estimates in the B.C. Hydro and TransAlta service areas 

ap ar to be distributed higher then the rest. The sample sizes in the TransAlta 

an• Alberta Power service areas are low, but the exclusion of the responses from 

the e two areas does not result in non-significant test results. The ordered 

se• uence of the means of responses from the individual service areas changes with 

the interruption duration. This may indicate that the variation is caused by the low 

ple sizes rather than by inherent differences in cost estimates between the 

uti ity service areas. 
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It is known from the previous analysis that backup ownership varies 

bet een the service areas. These differences proved to be highly significant with a 

P-v ue below the 0.0001 level when tested using the logit model. The tests for an 

effect of the service area were therefore repeated separately for the group of 

res ondents who own a backup and for the group of respondents who do not. The 

res Its in the latter group were non-significant for the shorter durations, but became 

sig ificant for the longer durations. Further investigation revealed that this was 

p. 'ally caused by the responses from the TransAlta utility service area (the reason 

wa• a low sample size - 2 responses), and partially by the higher slope of the CDF 

in e Manitoba Hydro service area. The results of repeated tests with responses 

fro the TransAlta and Manitoba Hydro service areas excluded proved to be non-

sig ificant with P-values of 0.4327, 0.4232, 0.7255, and 0.8681 for the four 

res i ective durations. 

The results in the group of respondents owning a backup showed 

sig ificance for all durations (respective P-values were 0.0001, 0.0032, 0.0006, and 

0.1013). Further analysis revealed that the fit of the model improved significantly 

aft:i exclusion of the responses from the Alberta Power and B.C. Hydro service 

area s. Nevertheless, the tests remained marginally significant for 1 hour and 8 

ho durations. These significances were not caused by a contrast of responses 

fro any single service area, but were rather a result of small, apparently random 

dif rences between the means in the remaining service areas. 

(ii) SIC class 112 

The overall sample size in SIC class 112 is not only larger than the sample 

siz in SIC class 111, but, more importantly, the sample sizes are more balanced 

am o ng the individual service areas. Nevertheless, they still prohibit the use of the 

cu ulative logit response functions. The resulting P-values (using the means 

res u onse function) were 0.2402, 0.2364, 0.2328, and 0.0026. This indicates that 

the effect of the utility service area becomes significant for the 8 hour duration. 

F er analysis revealed that the mean of the responses in the Manitoba Hydro 
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serr_ce area is higher than are the other group means and that this difference is 

solely responsible for the above significant P-value. The test P-values after 

excluding responses from the Manitoba Hydro service area are 0.2984, 0.3634, 

0.1813, and 0.0880. The ordered sequence of the means in the individual service 

areas again vary with the interruption duration, which confirms that the effect of 

the utility service area is non-significant in SIC class 112. 

(iii) SIC class 113 

The sample size in SIC class 113 is lower than in the two previously 

discussed SIC classes, but the representation in the individual service areas is 

reasonably balanced. The test P-values are 0.1608, 0.1523, 0.0002, and 0.0153 for 

the 20 minute, 1, 4, and 8 hour durations respectively. An exhaustive analysis 

revealed that the first model which would have non-significant P-values for all four 

durations would exclude responses from the Alberta Power, B.C. Hydro, Hydro 

Quebec, and Manitoba Hydro service areas. However, when the same analysis was 

performed (on the complete set of service areas) separately for the two groups of 

respondents according to their backup ownership, it was found that the effect of 

the utility service area was non-significant for all durations among the owners of a 

backup (P-values were 0.1052, 0.5649, 0.1081, and 0.0435 respectively). The test 

statistics was still significant in the group of respondents who do not own a backup 

for he 1 and 8 hour interruption duration. The significant P-value for the 1 hour 

interruption duration was caused by the lower mean value in the B.C. Hydro 

service area?, while the significant P-value for the 8 hour interruption duration was 

caused by the responses from the Manitoba Hydro service area which have a 

higher mean value. After excluding the responses from these two service areas, 

the tests resulted in highly non-significant P-values of 0.2030, 0.6678, 0.3246, and 

0.9697 for the four respective durations. 

9 The mean value of responses in the B.C. Hydro service area is lower for the 20 minute 
interruption as well which indicates a higher slope of the CDF. 



119 

(iv) SIC class 114 

The tests conducted on the complete set of responses in SIC class 114 are 

significant below the 0.0001 level for all durations. Responses from the Alberta 

Power and P.E.I. utility service areas were subsequently excluded from the analysis 

due to the low sample sizes (5 and 4 responses respectively). The analysis was 

perfbrmed separately for the two groups of respondents according to their backup 

ownership. In the group of respondents who own a backup it was necessary to 

further exclude responses from B.C. Hydro and from Maritime Electric before tests 

became non-significant. The effect of the utility service area remained significant 

in the group of respondents who do not own a backup. The variation among the 

service areas, though considerable, appeared to be random since the ordered 

sequence of the area's means varied with the interruption duration. 

(v) SIC class 162 

SIC class 162 has very small sample sizes in the Maritime Electric, 

Manitoba Hydro, TransAlta, and Nova Scotia Power service areas. Alberta Power 

is not represented at all. The effect of the utility service area appears to be non-

significant with corresponding P-values of 0.1090, 0.1886, 0.0458, and 0.2244 after 

excluding responses from Maritime Electric (sample size was 2 responses) . 

In conclusion, the analysis performed to investigate the effect of the utility 

service area on the preparatory action cost estimates did not produce very 

conclusive results when compared with those from the analysis of the worst case 

cost question. Several observations, however, can be made, and these are 

summarized below. 

The sample sizes are probably too low to reach dependable conclusions 

regarding the effect of the utility service area on the preparatory action cost 

estimates. However, the differences between the service areas appear to be non-

significant for the service areas with the higher sample sizes (Hydro Quebec, 

Ontario Hydro). The availability of a backup has to be taken into consideration, 
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and unfortunately, this further decreases the sample sizes. The slope of the CDF 

in e Manitoba Hydro service area appears to be higher than the CDF slopes in 

the emaining service areas. Responses from the B.C. Hydro service area are often 

hig er when compared with responses from the rest of the country. The tests 

indi ate a presence of significant differences between service area cost estimates in 

sev .ral SIC classes. There is, however, no apparent consistency in the order of the 

resp nse means from individual utility service areas. It is concluded that these 

sign ficant values do not imply a practical significance, and it is assumed that the 

cost estimates for a given type of farm are generally transferable from region to 

regi i n. It is recommended that special attention be paid to the responses from the 

M. itoba Hydro and B.C. Hydro service areas. The distinct characteristics of the 

responses from B.C. are probably caused by B.C.'s specific climatic conditions. 

An.' alies observed in the responses from the Manitoba Hydro service area could 

not •e explained. 

4.4. .3. Effect of backup availability on the preparatory action cost estimates 

diff 

by 

anal 

113 

to 

anal 

was 

• - 

The results of the analysis of the worst case cost estimates indicated that the 

rences between the cost estimates in the two groups of respondents identified 

ackup ownership were non-significant in the three out of five SIC classes 

zed: 111, 112, and 162. The differences between the two groups in SIC class 

were significant only for longer durations. In SIC 114 the differences proved 

significant below the 0.0001 level for all durations. The objective of the 

sis of the effect of backup ownership on the preparatory action cost estimates 

to compare the results with the results in the worst case cost analysis. 

A cumulative logit model for the effect of backup ownership was fitted to 

the omplete set of data. The results were significant below the 0.0001 level for 

all our durations. (The test performed on the complete set of responses was 

sign ficant in the analysis of the worst case cost estimates as well). Further 

anal sis revealed that the proportions of backup ownership vary with both SIC 
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class and utility service area. These proportions are shown in Table 4.17 

and Table 4.18 respectively. 

Table 4.17: Distribution of backup ownership in the five selected SIC classes. 

SIC class Frequency 
No Yes 

Percentage 
No Yes 

111 Dairy 237 369 39.11 60.89 
112 Cattle 534 182 74.58 25.42 
113 Hog 235 209 52.93 47.07 
114 Poultry & Egg 109 300 26.65 73.35 
162 Greenhouse 47 173 21.36 78.64 

Table 4.18: Distribution of backup ownership in the individual utility service 
areas. (all SIC classes included) 

Utility Service Area Frequency 
No Yes 

Percentage 
No Yes 

B.C. Hydro 301 278 51.99 48.01 
West Kootenay 51 4 92.73 7.27 
Alberta Power 316 76 80.61 19.39 
TransAlta 229 125 64.69 35.31 
SaskPower 466 117 79.93 20.07 
Manitoba Hydro 579 150 79.42 20.58 
Ontario Hydro 905 405 69.08 30.92 
Hydro Quebec 243 407 37.38 62.62 
Nova Scotia 219 164 57.18 42.82 
Maritime Electric 125 142 46.82 53.18 

A logit model was fitted to these data to confirm that the observed 

differences in the proportions of backup ownership between the utility service areas 

and between the five selected SIC classes are in fact significant. The results show 

that all effects of the saturated model (i.e. including the cross effect) are significant 

below the 0.0001 level. This suggests that the analysis should be performed for 

each possible combination of the utility service area and SIC class. This is 

however not feasible since the resulting sample sizes would be too low. The effect 
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of backup availability on the cost estimates was therefore studied for each SIC 

class with the utility service area variable collapsed. All results were significant 

below the 0.0001 level. 

Ontario Hydro and Hydro Quebec service areas were selected for study in 

all five selected SIC classes. The results were again highly significant with the 

exception of the 20 min interruption in the Ontario Hydro service area and SIC 

class 112. This non-significant P-value was clearly caused by the fact that nearly 

all respondents answered that they "would do nothing". Similarly, the non-

significant P-value for the 8 hour duration in the Hydro Quebec service area and 

SIC class 114 is clearly caused by the fact that nearly all respondents selected the 

purchase of a large power generator as their preparatory action. 

In conclusion, the differences in cost estimates between the group of 

respondents who own a backup and the group of respondents who do not is 

significant on all levels of the variables considered. Furthermore, the existing 

differences are very consistent on all levels of these variables. The distribution of 

cost estimates in the group of respondents owning a backup is statistically higher 

than is the distribution in the other group. It is therefore concluded, that the effect 

of the backup ownership is significant. The above differences, though consistently 

present, were not sufficient to cause significant test results in the worst case cost 

estimates. 

4.4,2.4. Effect of type of activities mainly affected by power interruptions 

The last variable which was taken into consideration was the customer's 

indication whether a power interruption would have more affect on farming or 

household activities. This four level variable proved to have a significant effect on 

the magnitude of the cost estimates. The respondents who indicated that the power 

interruption would affect "primarily fanning activities" had the highest average 

costs. The average costs then decrease monotonically for groups of respondents 

indicating that the power failure would affect "more fanning activities", "more 
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household activities", and "primarily household activities". As the "type of 

activities mainly affected" variable is known to correlate with the backup 

ownership, the tests were repeated with the backup ownership taken into 

consideration. Again, all effects (i.e. including the cross-effect) were significant 

below the 0.0001 level. The largest difference in cost estimates between backup 

owners and non-owners was among respondents who indicated that the power 

failure would affect "primarily the farming activities". The difference between the 

two group means, and the magnitude of both means decrease as the proportion of 

the affected household related activities increases, with one notable exception. The 

respondents who own a backup and who indicate that the power failure would 

affect "primarily their household activities" have much higher cost estimates than 

the respondents who do not own a backup. In fact, the mean of the cost estimates 

in this group is similar in magnitude to that in the group of respondents indicating 

that the power failure would affect "primarily their farming activities". 

Nonetheless, this pronounced increase in magnitude of the cost estimates does not 

significantly affect the overall result because the number of responses in this 

category is low. 

4.4.2.5. Summary 

The inferential analysis of the preparatory action cost estimates confirmed 

that the SIC class is an important classification variable and was justifiably 

selected as a primary categorization variable. 

Unlike the results in the inferential analysis of the worst case cost estimates, 

the differences between cost estimates in the group of respondents who own a 

backup and the group of respondents who do not, proved to be significant. An 

exhaustive analysis was performed in order to establish whether this significance is 

not casual. The differences were, however, significant for all considered SIC 

classes, utility service areas, and "type of activities mainly affected by a power 

interruption" variables. It is therefore concluded, that the effect of backup 

ownership is consistent and significant. 
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The effect of the utility service area was significant only in some SIC 

cla ses and for certain scenarios. However, due to the lack of any apparent 

co sistency of differences causing this significance, it is concluded that the effect 

of e utility service area is of no practical significance, perhaps with the exception 

of higher slope of the CDF in the Manitoba Hydro service area and higher CDF 

in some SIC classes in the B.C. Hydro service area. The cause of the former 

ob rvation is not known while the cause of the latter observation is probably 

B. .'s specific climatic conditions. 

The effect of the "type of activities mainly affected by a power failure" 

able is statistically significant. 

Summary 

This chapter has presented a statistical analysis of the data collected from 

the agriculture sector questionnaire. The primary problems encountered throughout 

thi analysis were low sample sizes and high data variations. While the overall 

ple size was large, the analysis necessitated separate consideration of the 

in• vidual SIC classes, in which case the sample sizes often reduced to very low 

lev Is. The analysis was performed in three logical blocks. The first was 

co erned with the analysis of the users' characteristics and demographical data. 

Th second involved analysis of the cost estimates obtained from the worst case 

cos question and the last involved the analysis of the preparatory action cost data. 

The primary finding of the analysis of the users' characteristics and 

de ographical data was that many of these variables correlate with each other in a 

co plex manner. This necessitated an inclusion of more than one variable in any 

mo el which was used to analyze the effects of the above variables on the 

ma nitude of the cost estimates. This was, however, often difficult because of the 

lo resulting sample sizes. Extreme care had to be taken when interpreting the 

obs rved differences among the groups of data investigated. 
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The analysis of the worst case cost question estimates attempted to identify 

the distribution of the cost data. The data are probably distributed as log-normal, 

but the presence of contamination prevented confirmation of this finding in a 

conclusive manner. An exhaustive search failed to discover the source of this 

contamination. It was found that the type of the customer and the availability of 

backup variables had an important effect on the degree of this contamination. 

Furthermore, the contamination was not observed in two of the five SIC classes 

investigated and the distribution in these two classes was confirmed as log-normal 

by formal numerical tests. In the remaining three SIC classes, the contamination 

was present only among backup owners. The subsequent inferential analysis 

revealed that the SIC class has a significant effect on the cost estimates. The 

effect of backup ownership proved to be significant only in SIC class 114. The 

cost estimates were proven to be transferable from one utility service area to 

another. 

The concern whether the analysis should have been performed on the 

normalized cost estimates rather than on the original set of data was addressed. 

The normalization process was examined and it was found that the users' annual 

peak demand and user's annual electricity consumption do not correlate with their 

cost estimates. Normalization therefore does not decrease the variation in the data. 

Inferential analysis of the preparatory action cost estimates was not as 

conclusive as the analysis of the worst case cost estimates. The SIC class proved 

again to have the most significant effect on the cost estimates. It was concluded 

that the estimates are essentially transferable from one utility service area to 

another, despite the fact that several tests indicated the opposite. The effect of 

backup ownership and the type of activities mainly affected by the power 

interruption both proved to have a significant effect on the preparatory action cost 

estimates. 
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5. SECTOR CDF COMPARISON 

AND CCDF GENERATION 

5.1. Introduction 

The previous work conducted by the Power System Research Group at the 

University of Saskatchewan included comprehensive mail surveys of residential, 

industrial, commercial and large users sectors. These surveys took place in 1980 

and their results are summarized in [3] and analyzed in [5]. Together with the 

agriculture survey conducted in 1985, this work comprises a comprehensive survey 

of all types of customers. In order to combine the resulting sector CDF's into a 

CCDF, as well as for the purpose of comparison of sector CDF's, it is necessary, 

due to inflation, to update the cost estimates to the common dollars. 

5.2. Inflation and its Measurement 

Inflation refers to a change in purchasing power as reflected by changes in 

the general price level. Inflation thus can be used as a measure of the change in 

perceived value of the unit of currency. This change will inevitably affect the 

value of unsupplied electrical energy. The interruption cost estimates should 

therefore be escalated to reflect common dollars using escalation factors derived 

from inflation indices. Unfortunately, there is no commonly accepted and unique 

method defined on how to measure inflation. It is further apparent that each part 

of the economy has a different inflation rate, though these rates are loosely bound. 

An inflation rate can be determined from indices obtained from the changes in the 

input and output costs for particular sectors or subsectors. A comprehensive source 

of various indices usable for estimating inflation rates is Statistics Canada. 
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The best known indicator of the inflation rate is the Consumer Price Index 

(CPI). It measures the variation in prices of the consumer products. It is therefore 

ideally suited for the residential sector CDF update as it indicates directly the 

perceived change in the value of the currency unit from the residential customer 

point of view. 

CPI is, however, not particularly suitable for updating the cost estimates in 

the other sectors. In fact, the use of CPI as a "universal" measure of inflation has 

been previously criticized. 

In the agriculture sector, it is assumed that the inflation rate is indicated by 

the price variation in the input products, output products' and customer prices. An 

index representing an inflation rate of the input products is the Farm Input Price 

Index (FIPI). There is no available comprehensive index to measure the 

agricultural output products inflation rate'. The variation of the consumer prices 

can be again measured using CPI. In order to develop a standard methodology, 

and due to the difficulties with estimating a relative contribution of FIPI and CPI 

to the perceived inflation in the agriculture sector, only FIPI was used. The FIPI 

breakdown was available for Western Canada (comprising B.C., Alberta, 

Saskatchewan, and Manitoba) and Eastern Canada (comprising the other provinces). 

The most comprehensive index in the Industrial and Commercial sectors is 

the Implicit Price Index. The objective of the research was to find more detailed 

measures of inflation, preferably on the SIC class level. Unfortunately, the 

classification system used in the published breakdown of IPI does not follow the 

SIC code. Consultation with Statistics Canada, Ottawa, revealed that such 

breakdown is not available. However, the Input-Output Division of Statistics 

to Input and output prices should be theoretically closely bound. Due to the individual market 
fluctuations (e.g. subsidies) temporary fluctuations do occur. 

11 It can be theoretically calculated from the individual farm products inflation rates. However, 
the weighting necessary to obtain an comprehensive index was not available. 
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Canada, Ottawa, was able to extract the breakdown of IPI following the System of 

National Accounts classification. This categorization appears to be reasonably 

close to the 1971 SIC code system. Statistics Canada supplied three levels of 

breakdown; the most detailed breakdown follows reasonably closely individual SIC 

classes, the next breakdown level corresponds to the SIC Major Groups, and the 

last breakdown supplied corresponds to the SIC Divisions. This source covered 

most categories up to 1984. More recent values were not available. Various 

sources had to be therefore used for the time period 1984-1987. These sources 

included IPPI (Industrial Product Price Index), comprehensive IPI and changes in 

the wages in the service industries of the commercial sector. The use of the IPPI 

is based on the assumption that the price of the products should reflect the input 

price index. Changes in average wage were used to derive the escalation factors in 

the service sectors where it is expected that manpower is the major expense. 

Detailed tables providing the individual values of the escalation factors and 

their sources can be found in Appendix B. 

5.3. Updated sector CDF's 

Customer damage functions were calculated from the cost estimates updated 

to 1987 dollars. The methodology described in Chapter 2 was used. The resulting 

CDF's are shown in Table 5.1 and the peak normalized values are shown in 

Figure 5.1. It should be emphasized that cost estimates in the residential sector 

and in the agriculture sector are based on the preparatory action cost approach with 

exp..icitly defined levels of system reliability. More specifically, the frequency of 

interruptions is assumed to be 12 occurrences/year which is higher than the current 

level implied in the methodology used to obtain cost estimates in Industrial, 

Commercial and Large Users sectors. No adjustments for this fact were made in 

Figure 5.1. 
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Tab e 5.1: Sector CDF's in $/respondent, $/kW, and $/MWh updated to 1987 
Canadian dollars. 

CDF in $ per respondent: 

User 
Sector
Large Users 
Industrial 
Commercial 
Agricultural 
Residential 

1 min 
23441 
1012 
26.2 
1.84* 

0.003* 

Interruption Duration 
20 min 1 hour 4 hours 8 hours 
35178 
2096 
192.2 
8.99 
0.34 

51895 
4341 
511.6 
16.10 
1.83 

92536 
8206 

1818.0 
48.00 
18.45 

192195 
14767 
4799.5 
92.22 
58.58* 

CDF in $/kW: 

User 
Sector 
Large Users 
Industrial
Commercial 
Agricultural 
Residential 

Interruption Duration 
1 min 20 min 1 hour 4 hours 8 hours 
1.005 
1.625 
0.381 
0.060* 
0.001* 

1.508 
3.868 
2.969 
0.343 
0.093 

2.225 
9.085 
8.552 
0.649 
0.482 

3.968 8.240 
25.163 55.808 
31.317 83.008 

2.064 4.120 
4.914 15.619* 

CDF in $/MWh: 

User 
Sector
Large Users 
Industrial 
Commercial 
Agricultural 
Residential 

1 min 
0.073 
0.460 
0.129 
0.027* 
0.0004* 

Interruption Duration 
20 min 1 hour 4 hours 8 hours 
0.111 0.163 0.291 0.604 
1.332 2.990 8.899 18.156 
1.014 2.951 10.922 28.020 
0.155 0.295 1.027 2.134 
0.044 0.243 2.235 6.778* 

extrapolated values 

5.4. Updated CCDF 

as 

the 

con 

Given that the CDF for each sector is known, the CCDF can be generated 

weighted average of individual sector CDF's. Weighting factors representing 

contributions of individual sectors are derived from the sector's annual 

umption in the given region. Some researches [23] recommend the use of 
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annual peak demand instead of annual consumption for the shorter interruptions 

(say below 20 minutes). Due to the strong correlation between annual 

consumption and peak demand the differences are small. 

The CCDF was generated for three regions, two of which correspond with 

actual service areas and the third is hypothetical. The first region is the entire 

Ontario Hydro service area (EOH); the second region is the Central Ontario Hydro 

service area (COH) The last region has the theoretical composition of a large city 

(CITY). The weighting factors derived from the consumption data and from the 

peak demand data (for EOH and COH only) for these three regions are listed in 

Tab_e 5.2. The cost values for the durations not surveyed (1 min and 8 hours in 

the residential sector and 1 minute in the agriculture sector) were extrapolated. 

Resulting CCDF's are listed in Table 5.3 and plotted in Figure 5.2. 

Table 5.2: Sector representation in the three regions considered. (The values 
derived from the peak demand are in parenthesis) 

Sector EOH [To] 
Region 
COH [%] CITY [%] 

Residential 31.0 (34) 39.0 (42) 35 
Agricultural 2.5 (4) 1.5 (1) 0 
Large Users 31.0 (30) 16.0 (18) 0 
Industrial 19.0 (14) 24.0 (17) 30 
Commercial 16.5 (18) 19.5 (22) 35 

Table 5.3: Composite Customer Damage Function for different regions (peak 
demand weighted values are in parenthesis) 

Duration EOH 
Region 
COH CITY 

1 minute 0.68 (0.60) 0.63 (0.54) 0.62 
20 minute 1.73 (1.57) 1.79 (1.62) 2.23 
1 hour 3.99 4.40 5.89 
4 hour 12.75 14.73 20.23 
8 hour 31.80 37.05 51.26 
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Application of CCDF 

The CDF as ordinarily shown for various durations is a nonlinear 

mo otonously increasing function. Frequency and duration (F&D) indices of the 

po er system under consideration have to be known in order to derive the cost of 

ene gy not served which is the value primarily required by the planning and 

ope ating departments of utility companies. The methodology used for these 

cal ulations is explained in [1]. 

However, in practical applications, the cost of interruptions is often 

app oximated by a constant. The following discussion attempts to assess the 

eff cts of such simplification. 

It is possible to normalize the cost estimates by duration. The resulting 

CD is thus expressed in $ per hour for each specified duration. CDF's in this 

fo for all five considered sectors are shown in Figure 5.3 where it can be seen 

that there is a certain trend present in all the sector CDF's. The duration-

no alized cost decreases rapidly with duration until it reaches the minimum level 

then it starts to slowly increase. The duration for the minimum interruption 

cos appears to be in the neighbourhood of 4 hours for all sectors with the 

exc ption of the residential sector'. It can be further observed that the individual 

sec ors differ in the "sharpness" of the minimum. For example, the Commercial 

sec or's duration-normalized CDF appears to be reasonably flat in the 

neighbourhood of its minimum value. It is hard to identify whether the other 

sec ors do not have the flat part of duration-normalized CDF's shifted towards 

Ion er durations, which was not covered by the surveys. 

12 The • uration-normalized CDF in the residential sector is monotonically increasing and thus 
differs sub antially from the other CDF's. It is probable that the main reason for this is that the 
costs associ ated with the individual preparatory action options used to derive the cost were 
specified o a per hour basis. 
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Considering that the majority of overlapping generation and transmission 

related outages fall into the range between 1 and 4 hours, and considering the 

uncertainty associated with the magnitude of the cost estimates, it is probably quite 

adequate to use a constant value of interruption cost in the preliminary calculations. 

In such cases, the cost values for 1 hour are recommended. The utilization of 

Interrupted Energy Assessment Rate methodology [1] is recommended for more 

detailed calculations and for systems showing higher probability of occurrence of 

short interruptions. 

The primary applications of the CCDF and TEAR (Interruption Energy 

Assessment Rate) in particular are related to a utility's planning and operating 

activities. The ultimate goal is to utilize the LEAR information in a comprehensive 

cost/benefit analysis of the reliability of the power system. However, there are 

many possible applications of the LEAR which are less complex. For example, it 

can be used when considering various expansion alternatives regarding the 

placement of the generating facilities or transmission lines. In such circumstances, 

knowledge of the magnitude of interruption costs in the various parts of the utility's 

service area would supplement the usual considerations regarding cost of 

production, losses, and system stability. Another interesting application would be 

in the area of the optimum power dispatch and control. Information concerning 

the magnitude of the interruption losses in the individual regions and the related 

reliability considerations would again supplement the usual consideration of the 

losses, production costs and system stability. 

There are other possible applications of the CCDF and MAR, such as in 

preparing a schedule for the sequence of load shedding. A related field would be 

the design of the interruptible power rates. This area is currently receiving 

increasing attention in power utility companies. 
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5.6. Limitations 

The major limitations in the application of the CCDF are based on the 

inaccuracies of the function itself. These inaccuracies result partially from the 

methodology used to acquire the cost of interruption data as representative values 

of the worth of reliability. In particular, the method of customer surveys uses 

hypothetical scenarios and the customer prediction of losses which would result 

from these scenarios. It is understood, that many customers have very limited 

experience with the longer duration interruptions and that responses of many 

customers may be affected by a rate antagonism bias. Another aspect of the 

CCDF limitation results from the exclusion of many important variables from the 

final CCDF model, such as the frequency of the interruptions, time of occurrence, 

severity e.t.c.. While some of these variables, such as the time of occurrence or 

frequency, were given consideration in the questionnaires, the others, such as the 

interruption severity, are practically impossible to address in any acceptable 

manner. 

The major concern regarding the fidelity of the data is related to the very 

high variation in the cost data. Despite the fact that some sources of variation 

have been identified, such as the type of customer, the cost data variation remains 

typically high. This is true even for the same customer groups and while using the 

same approach (type of question). The obvious solution to this concern is to 

normalize the cost estimates by users' characteristics, which would correlate 

strongly with the cost estimates. However the present normalization procedure 

which employs user's annual consumption or user's annual peak demand does not 

seem to decrease the problem with the large variation since these variables display 

no apparent correlation with the users' cost estimates. It is anticipated, that 

normalization of the cost data by a variable which would correlate strongly with 

the cost estimates would contribute to the clarity of the statistical analysis. 
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5.7. Summary 

This chapter has presented the methodology used to update the cost data to 

common year dollars. The 1987 year was selected for this purpose, due to the 

lack of more recent inflation data at the time this update was done. Updated 

CDF's are shown for all five sectors. These CDF's represent a data base which is 

deemed applicable to the Canadian scene. Provided the composition of the sectors 

in any given area is known, this data base can be used for subsequent generation 

of the area's CCDF. Three examples of the CCDF generation are shown. Two are 

based on actual utility service areas, namely on the Entire Ontario Hydro and 

Central Ontario Hydro service areas. The third example involved a hypothetical, 

but representative, city composition. The effect of a common simplification of the 

use of the cost data, in which the cost of energy not supplied is derived from a 

single value taken from the CCDF, was discussed. It was concluded that the use 

of such a single value is probably a reasonable strategy for preliminary and 

approximate calculations. The value corresponding to the one hour interruption 

duration was recommended for use in these applications. Finally, the applications 

and the limitations of the cost of interruption data were discussed. 
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6. SUMMARY AND CONCLUSIONS 
The primary objective of this research work was to analyze the agriculture 

sector cost data, to update the cost estimates which were obtained from the two 

University of Saskatchewan survey projects, and to generate an updated Composite 

Customer Damage Function. 

Chapter 2 presents a summary of the methodology and techniques used for 

evaluation of power system reliability worth. It was indicated, that none of the 

methods discussed emerges as being uniquely better than the others. It is expected 

that the availability of interruptible power rates will create suitable conditions for a 

development of the reliability market, which in turn, will provide a better source of 

information on the worth of reliability to utility customers. At present, the method 

of customer surveys, though expensive, is often given preference by power utility 

industry, and has been selected by the Power System Research Group at the 

University of Saskatchewan. This method was discussed in greater depth together 

with the methodology used for CCDF generation. 

Chapter 3 presents the results obtained from the three cost estimating 

methods used in the agricultural sector survey. The specification of the EPS type 

question necessitated a new procedure in order to calculate the monetary estimates 

from the raw responses. The differences between the three methods were 

discussed. An attempt has been made to alleviate these differences and to compare 

the estimates from the three methods. It was concluded that the cost estimates 

obtained from the EPS type question are the most representative of the agriculture 

sector interruption costs. 

Chapter 4 was dedicated to the statistical analysis of the agricultural sector 

survey. The main objective of this chapter was to identify the sources of the 

considerable variation which is present in the cost estimates. Analysis of the 
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distribution of the worst case cost estimates indicate that the data are log-normally 

distributed, but the presence of a contamination in the distributions in some SIC 

classes prevented confirmation of this finding in a conclusive manner. The 

presence of contamination necessitated the use of non-parametrical methods for the 

subsequent inferential analysis. The categorical data analysis techniques, namely 

the logit models, were used for the analysis of the preparatory action cost 

responses due the specific format of the EPS type question. The results of the 

inferential analysis confirmed that the type of customer as identified by the SIC 

class has a predominant effect on the resulting cost estimates. Categorization of 

respondents according to backup ownership proved to have significant effect on the 

cost estimates in the preparatory action cost question, but was often statistically 

nonsignificant in the worst case cost question. Analysis of the effect of the utility 

service area on the cost estimates within a given SIC class revealed that the 

estimates are generally transferable from region to region, perhaps with the 

exception of estimates from B.C. Hydro and, to a lesser degree, from Manitoba 

Hydro service areas. The fact that the estimates from the B.C. Hydro service area 

appeared consistently higher than the cost estimates from the other areas is 

probably attributable to the specific climatic conditions in this province. The cause 

of a higher slope in the CDF for the Manitoba Hydro service area was not found. 

All analysis was performed on the original cost estimates. The concern whether 

the analysis should have been rather performed on the cost estimates normalized by 

the respondents' annual peak demand was addressed. It was found that the cost 

estimates do not correlate with the respondents' annual peak demand. 

Normalization therefore does not decrease the variation in the data. 

Chapter 5 presents the methodology used to update the cost estimates to 

common year dollars and the CDF's for all five sectors are shown in 1987 

Canadian $. These CDF's form a data base which is considered to be applicable to 

the Canadian scene. This data base was subsequently used to generate CCDF's for 

three example service areas. The effect of a common simplification of the use of 

the cost data, when cost of energy not supplied is derived from a single value 
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taken from the CCDF, was discussed. It was concluded that the use of such single 

value is probably a reasonable strategy for preliminary and approximate 

calculations. The value corresponding to the one hour interruption duration was 

recommended for use in these applications. Finally, the applications and the 

limitations of the cost of interruption data were discussed. 
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APPENDICES 

Appendix A.. Agricultural Sector Questionnaire 

WHAT IS THE EFFECT OF ELECTRICAL POWER 
FAILURES CN CANADIAN FARMS? 

A STUDY OF PHDPLES OPINIONS. 

This study is being conducted in order to better understand the effects 
of power failures on Canadian farms. Please answer all the questions. If you 
wish to comment on any questions or qualify your answers, please use the 
margins or the back cover. 

The research project entitled "Farm Damage Resulting From Electrical 
Service Failures", of which this survey is a part, is sponsored by the Canadian 
Electrical Association and is being undertaken by the University of 
Saskatchewan. 

Electrical Engineering Department 
University of Saskatchewan 
Saskatoon, Saskatchewan 
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A power failure means a ccspLete interruption of the electricity to your 
farm for a period that lasts for a few seconds, minutes, or even hours. In 
answering this questionnaire, consider all of your farming and residential 
losses or effects due to power failures. 

EVen though you may have a backup power system, it is important for this 
study to recognize the possible effects of not having any power available to 
your farm. Therefore, answer the questions as if standby systems are not used 
during power failures. 

1. What is your opinion on the following matters? (For each question, circle 
the answer that best describes your opinion.) 

(a) I think the number of power failures on my farm is: 

VERY LOW LOW HIGH VERY HIGH MODERATE 
1 

I I I I 
1 2 3 4 5 

(b) I think that compared with the price of other commodities, the price 
of electricity is: 

VERY um LOW MODERATE HIGH VERY HIGH 
I I I I I 
1 2 3 4 5 

(c) In general, the service provided by electric power companies is: 

VERY POOR POOR FAIR GOOD VERY GOOD 
1 i I I i 
1 2 3 4 S 

2. (a) As well as you can remember, how many power failures has your farm 
experienced in the last 2 years?  

(b) If you have had any failures in the past that were particularly 
annoying or resulted in a high cost, please estimate the length of 
the failure and describe why it was an inconvenience to you. (If 
possible, estimate the cost to you in dollars.) 

Inconvenience hpipAnge-

Failure Length:   Cost Estimate $ 

3. Suppose it was necessary to ration electrical power and it was decided 
that the power would have to be fully interrupted for four hours each 
week during the day-time. Would you prefer the interruptions to be ... 

:0 shorter but more often (eg. four 1-hour failures each week), OR 

20 longer but less frequent (eg. one 4-hour failure each week)? 

4. Estimate what portion of your farm and household space heating comes from 
electrical heaters (include garages, workshop, etc.) 

1
❑ NONE 0 0 0 1/2 0 3/4 ❑ ALL 

2 3 4 5 
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5.(a) Without using any electrical backup, you are asked to rate the effects of 

a 1 to 4 hour power failure, using various categories. 

A scale of 0 to 6 is used to indicate various degrees of undesirability 

from 0 meaning "no undesirable effect" to 6 being "extremely 

undesirable". For example, if you felt there was a low to moderate 

undesirable effect, you would circle the "2" as shown below. If a 

category does not apply to you, circle "NA". 

Example situation: 0 1 a) 3 4 5 

How much would your farm and household Circle the number which 

be affected by the following: 

NO 
UNDESIRABLE 

EFFECT 
(1) Home appliances not working 

(range, freezer, dryer, etc.) 

(2) Clothes care or home cleaning 
appliances not useable 

(3) Leisure equipment not working 
(eg. T.V., stereo, etc.) 

(4) Discomfort (ie. due to temperature 
change in home) 

(5) Loss of lighting in the home 

(6) Bane water and sewer systems not 
working 

(7) Fear of accidents 

(8) Shop/garage equipment not operating 
(welder, power tools, etc.) 

(9) Ventilation/lighting/heating equipment 
in barn(s) not working 

(10) Livestock related equipment not 
working (automatic watering s feeding, 
milking, barn cleaning, etc.) 

(11) Field crop and fruit related equipment 
not working (grain augers, cleaning or 
drying; fruit 6 veg. handling, etc.) 

(12) Perishable farm produce refrigeration 
equipment not working 

(13) Other equipment not working 

Specify:  

indicates your rating: 

EXTREMELY 
UNDESIRABLE 

EFFECT 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 

0 1 2 3 4 5 6 NA 
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6. Suppose you have been informed 
that recurring power failures 
are going to occur, although 
the exact times or days are not 
known. Possible actions that 
you might take to lessen the 
effects are listed in the 
box at the right. Use these 
actions to answer the questions 
below. 

List of Possible Actions 

1. Make no preparations and put up 
with the failures. 

2. Use a lantern or flashlight that 
would cost 500/hour to operate. 

3. Use a portable gas stove that 
would cost $1.50/hour to operate. 

4. Use a kerosene light/heat/cooking 
unit that would cost $5.00/hr to run. 

5. Buy a small portable electric 
generator that can handle light loads 
such as lights, TV, power tools, etc. 
It has a capital cost of $1,000 , an 
operating cost of $3/hour, and 
a lifespan of 15 years. 

6. Buy a medium sized generator that can 
handle a regular house load (or any 
single building). It has a capital 
cost of $4,000 , an operating cost of 
$5/hour, and a lifespan of 15 years. 

7. Buy a large self-starting generator 
that can handle the entire farm load. 
It has a capital cost of $13,000 , an 
operating cost of $7/hour, and a 
lifespan of 20 years. 

Assuming that you do not already own any of 
ACTION OR. ACTIUM WOULD YOU TAKE IF: 

(a) 20 minute failures occured once a month? 

1 2 3 4 5 6 7 

(b) 1 hour failures occured once a month? 

1 2 3 4 5 6 7 

(c) 4 hour failures occured once a month? 

1 2 3 4 5 6 7 

(d) 8 hour failures occured once a month? 

1 2 3 4 5 6 7 

(e) 4 hour failures occured twice a month? 

1 2 3 4 5 6 7 

the above equipment, WHAT 

CI E ONE 

OR MORE 

Aerials IN 

EACH LINE 
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7. Considering different times of year and day, when would a power failure 
cause the most inconvenience and financial loss for your situation? 

Worst month(s): 
(check one or more months) 

Jan 0 42 May 046 Sep 0s0 
Feb 0 43 Jun 0 47 Oct 0 51 

Mar 0 44 Jul 0 4e Nov ❑ 52 
Apr X 4 5 Aug Li 4 9 Dec ❑ 5 3 

Worst time of day: 
(indicate one or more worst times) 

frail 

from 

CD am 
0 Pa 
0 am 
O Pa 

to 

to 

CI am 
❑ Pa 
El am 
O Pa 

OR ... all months the same 054 OR ... all 24 hours the'same 0 55

8. This question tries to determine where the effects of a power failure are 
hardest felt - on your household activities or on your farming 
activities. Would a power failure lasting 1 to 4 hours: (check one) 

1 primarily affect farming operations. 
2 be more inconvenient to farming operations than to household activities. 
be more inconvenient to household activities than to farming operations. 
be essentially a household inconvenience. 

skip to question 10 

9(a) Suppose that a power failure occured without warning, starting at the 
worst time and month indicated in question 7. If you answered "all 24 
hours the same" for the worst time of day, then assume the power goes off 
at 5:00 p.m. If you answered "all months the same" for the worst month, 
then assume that the failure occurs in January.

On the following table please estimate your loggPs or extra farm costs 
due to each length of interruption. (Remember there is no standby power.) 

Duration of Power Failure 

Possible effects of a failure 1 Hour 4 Hours 8 Hours 24 Hours 

Damage to stored farm goods 

Loss of production 

Loss of livestock 

Extra manual labour, paid 
staff unable to work 

Other. Specify:  

• , $   $   $   $  

$   $   $   $  

$   $   $   $  

If you own an electrical backup system, please complete part (b); otherwise) 
continue with question 10. 

(b) Presumably, your losses would be less than the values indicated above if 
your backup system is operating during the failure. What do you think your 
total losses would be for each failure length if you used your backup as 
you normally would? Include the cost of running the generator (but not its 
maintenance or capital cost). 

Duration 1 hour 4 hours 8 hours 24 hours 

Total Losses $   $   $   $ 
79 84 89 94 
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10. The impact of a power failure may vary depending on the month of 
occurence. This question asks you to estimate that variation. 

Estimate how the cost of failures in other months =pares with the cost 
of failure in the worst month(s) you indicated in Question 7. FOr 
example, if the May-June cost is approximately one-half of the worst 
month cost, circle 50% in the "May-Jun" line. If you answered "all 
months the same" in question 7, go to question 11. 

NO 
_ACT 

1/10 
AS 
MUCH 

1/4 
AS 
14/311 

HALF 
AS 
MUCH 

3/4 
AS 
MUCH 

SAME IMPACT 
AS WORST 
CASE o3sT 

1 2 3 4 5 6 
JAN-FEB 0% 10% 25% 50% 75% SAME 

MAR-APR . 0% 10% 25% 50% 75% SAME CI1CLE CtIE 

MAY-JUN 0% 10% 25% 50% 75% SAME FOR EACH 

JUL-AUG 0% 10% 25% 50% 75% SAME PAIR OF 

SEP-OCT 0% 10% 25% 50% 75% SAME MaJIfJS 

NOV-DEC 0% 10% 25% 50% 75% SAME 

11. Suppose you were offered the option of a cut in rates along with an 
increase in the number of failures such that a 4 hour failure will occur 
once a month. Would you choose this option if you were given: 

Yes No 
A 5% decrease in rates D rri PLEASE ANSWER EACH PART 
A 10% decrease in rates 0 0 2 
A 25% decrease in rates 0 0 3 OF THE QUESTION ErrHea 
A 50% decrease in rates 0 04 
A 75% decrease in rates 0 05 YES OR NO 

12(a) Approximately how much land do you farm? 

(b) How much livestock do you have? 

TYPE OF brOeK 

ACS or 
1 2 

NUMBER OF ANIMALS 

13(a) Do you have an electrical backup system? DI No--). 
 02 Yes 

What is it's capacity? 

(c) Does it supply? 1❑ ALL BUILDINGS or ❑ CRITICAL BUILDINGS ONLY 
2 

QUARMIIS 

go to Question 14 

KW (stated on nameplate) 

(d) Backup type: OM DRIVE EIGAS/DIESEL OBATIEFer ❑ PRCrPANE/NAT.CAS 
1 2 3 4 
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(e) Is it a cl MANUAL START or 0 AUTOMATIC START? 
2 

(f) In total, how much have you spent on your system? (include installation 
costs and any system changes made?) $ 

(g) What is the annual maintenance and operating cost, including regular 
tests? $ 

(h) How long have you had this system?  

(i) Approximately how many hours has your system been used during the last 
several years? Please indicate what period of time this is in (ie. over 
the last year, 2 years, 5 years, etc.). 

Use:  hours over the last years (exclude any test hours) 

14. What agricultural goods do you produce? Please estimate what 
approximate percentage of your business comes from each product and what 
portion of your total electrical power consumption is used on that 
product. 

Percent of Percent of 
Farming Electrical 
Operation Energy Used 

DAIRY PRODUCTS % % 

OnTLE — Ems 0 or DAIRY 0 

HOG 
1 2 

 %  % 

POULTRY 1❑ or EGG 
2
❑  %  % 

MEAT  %  % 

MALL GRAINS (E} PT ?SWAT)  %  % 

OILSEED  %  % 

POTATO  %  % 

FRJIT 0 1 or VEGETABLE 02  %  % 

MENU= 0 2 or NUNNERY 0 2  %  % 

RESIDENCE   % 

15. Respondent: ❑ MALE 0 FE24ALE 0 JOINT 
1 2 3 

16. Age of respondent: 

0 MIER 21 0 22-30 
CI 

31-40 0 41-50 0 51-65 ❑ OVER 65 
1 2 3 4 5 6 

17(a) How many people live on your farm? (If you do not reside on the farm, 
answer "0".) 

(b) How many people work full-time on your farm, including working family 
umbers? 
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13. How many electrical service entrances, ie. meters, serve your farm and 
residence? Ignore any exceptionally small accounts, such as separate 
yardlight accounts. The number of accounts that relate to this 
questionnaire is 

19. TO investigate whether the effects of failures depend on how much 
electrical energy is used on the farm, a record of energy consumption is 
important. Your electric utility has this record, but we will not 
request this information from your utility if you deny us permission to 
do so. 

Do we have your permission? ❑ Yes ❑ No 
1 2 

Your Nate: 

Your co-operation in completing this survey is very much appreciated. If 
you have any additional comments, use the space below. 
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Appendix B. Escalation Factors 

The archived cost estimates are expressed in dollars corresponding to the 

year of data collection. Therefore it is necessary to escalate the cost estimates to 

current (1987) dollars. Various indices have been used to reflect the inflation in 

the different subcategories of the various sectors. 

The inflation rate in the residential sector and similarly in all portions of the 

agricultural sector were represented by a single value. For the large users, 

industrial and commercial sectors, escalation was undertaken according to a 

detailed breakdown by industry". The primary source of the escalation factors 

was the breakdown of the Implicit Price Index by industry. Three levels of this 

breakdown were supplied, each following the System of National Accounts 

categorization. 

The most detailed breakdown follows the industrial SIC Categories 

reasonably closely, the middle level breakdown corresponds to the SIC Major 

Groups and the last breakdown supplied corresponds to the SIC Divisions 

according to the 1971 SIC code. This source covered most categories up to 1984. 

For the time period 1984-1987, various sources had to be used. Table B.1 lists 

residential and agricultural escalation factors and Table B.2 lists large users, 

industrial and commercial sector escalation factors. The latter table lists the 

constituent values for each time period with their respective sources as well as the 

overall resulting product of these factors. Codes used in the tables for various 

sources of escalation factors are as follows: 

IPI-O breakdown of the Implicit Price Index by industry as supplied 

by Input/Output Division of Statistics Canada, Ottawa. 

" In the majority of cases, the SIC category level values were used. 
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IPI Implicit Price Index, Statistics Canada, System of National 

Accounts, publication No. 13001. 

IPPI Industrial Product Price Index, Statistics Canada, publication 

No. 62011. 

wages Escalation factor was derived from the ratio of the weekly 

wages from Statistics Canada publication No. 72002 

"Employment, Earnings and Hours". 

FIPI Farm Input Price Index, Statistics Canada, publication No. 

62004. 

CPI Consumer Price Index, Statistics Canada, publication No. 

62010. 

Ta le B.1: Escalation factors used in the large users, industrial and commercial 
sectors 

Sector Esc. Factor Time Period Source 
Residential 1.555 1980-1987 CPI 
Agricultural (West) 1.031 1985-1987 FIPI 
Agricultural (East) 1.045 1985-1987 FIPI 
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Ta le B.2: Escalation factors used in the large users, industrial, 
and commercial sectors. 

S I C ESCALATION FACTOR 

CODE NAME 80-87 80-84 Source 84-87 Source 

DIVISION 4 Mines, Quarries and Oil Wells 

Major Group 1 Metal Mines 
59 Misc. Metal Mines 0.947 0.844 IPI-0 1.122 IPI 

Major Group 2 Mineral Fuels 
64 Crude Petrol. & Nat. Gas I 1.873 1.533 IPI-O 1.222 IPI 

Major Group 3 Non-Metal Mines (ex. Coal) 
72 Peat Extraction 1.005 0.896 IPI-O 1.122 IPI 
73 Gypsum Mines 1.005 0.896 IPI-O 1.122 IPI 
79 Misc. Non-Metal Mines 1.005 0.896 IPI-O 1.122 IPI 

Major Group - 4 Quarries and Sand Pits 
83 Stone Quarries 1.399 1.247 IPI-0 1.122 IPI 
87 Sand Pits or Quarries 1.399 1.247 IPI-O 1.122 IPI 

Major Group 5 Services Incidental to Mining 
98 Other Contract Drilling 1.492 1.330 IPI-O 1.122 IPI 
99 Misc. Services to Mining 1.492 1.330 IPI-O 1.122 IPI 

DIVISION 5 Manufacturing Industries 

Major Group 1 Food and Beverage Ind. 
101 Meat and Poultry Ind. 1.282 1.239 IPI-0 1.035 IPPI 
102 Fish Product Ind. 1.554 1.186 IPI-0 1.310 IPPI 
103 Fruit and Veget. Proc. Ind 1.513 1.382 IPI-O 1.095 IPPI 
104 Dairy Product Industry 1.544 1.402 IPI-0 1.101 IPPI 
105 Flour and Breakfast Cereal 1.363 1.236 IPI-0 1.103 IPPI 
106 Feed Industry 1.036 1.146 IPI-O 0.904 IPPI 
107 Bakery Product Industry 1.626 1.397 IPI-0 1.164 IPPI 
108 Misc. Food Ind. 1.392 1.251 IPI-O 1.113 IPPI 
109 Beverage Ind. 1.596 1.419 IPI-0 1.125 IPPI 

Major Group 3 Rubber and Plastics Products Ind. 
162 Rubber Product Ind. 1.298 1.246 IPI-O 1.042 IPPI 
165 Plastic Fabricating Ind. 1.360 1.233 IPI-0 1.103 IPPI 

Major Group 4 Leather Industries 
179 Luggage, Handbag & Small L1.433 1.244 IPI-0 1.152 IPPI 
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S I C ESCALATION FACTOR 

CODE NAME 80-87 80-84 Source 84-87 Source 

Major Group 5 Textile Industries 
182 Wool Yam & Cloth Mills 1.266 1.156 IPI-O 1.095 IPPI 
187 Canvas Prod., Cotton & Jut 1.298 1.206 IPI-O 1.076 IPPI 
189 Misc. Textile Ind. 1.298 1.206 IPI-O 1.076 IPPI 

Major Group 8 Wood Industries 
251 Sawmills, Planing Mills an 1.178 1.055 IPI-O 1.117 IPPI 
254 Sash, Door and Other Millw 1.442 1.245 IPI-O 1.158 IPPI 
256 Wooden Box Factories 1.336 1.205 IPI-O 1.109 IPPI 
259 Misc. Wood Ind. 1.189 1.032 IPI-O 1.152 IPPI 

Major Group 9 Furniture and Fixture Industries 
261 Household Furniture Manf. 1.449 1.303 IPI-O 1.112 IPPI 
266 Misc. Furniture and Fixtur 1.467 1.317 IPI-O 1.114 IPPI 

Major Group 10 Paper and Allied Ind. 
271 Pulp and Paper Mills 1.395 1.196 IPI-O 1.166 IPPI 
273 Paper Box and Bag Manf. 1.508 1.330 IPI-O 1.134 IPPI 
274 Misc. Paper Converters 1.279 1.137 IPI-O 1.125 IPPI 

Major Group 11 Printing, Publishing and Allied Ind. 
286 Commercial Printing 1.584 1.386 IPI-O 1.143 IPPI 
288 Publishing Only 1.605 1.386 IPI-O 1.158 IPPI 
289 Misc. Paper Converters 1.605 1.386 IPI-O 1.158 IPPI 

Major Group 12 Primary Metal Ind. 
298 Metal Rolling, Casting and 1.049 0.951 IPI-O 1.103 IPPI 

Major Group 13 Metal Fabricating Ind. 
302 Fabricated Structural Meta 1.423 1.315 IPI-O 1.082 IPP 
303 Ornamental and Architectur 1.250 1.126 IPI-O 1.110 IPPI 
304 Metal Stamping, Pressing a 1.134 1.034 IPI-O 1.097 IPPI 
305 Wire and Wire Product Manf 1.279 1.225 IPI-O 1.044 IPPI 
306 Hardware, Tool and Cutlery 1.500 1.326 IPI-O 1.131 IPPI 
307 Heating Equipment Manf. 1.361 1.250 IPI-O 1.089 IPPI 
308 Machine Shops 1.429 1.300 IPI-O 1.099 IPPI 
309 Misc. Metal Fabricating In 1.300 1.180 IPI-O 1.102 IPPI 

Major Group 14 Machinery Industries 
311 Agricultural Implement Ind 1.338 1.235 IPI-O 1.083 IPPI 
315 Misc. Machinery and Equipm 1.462 1.322 IPI-O 1.106 IPPI 
316 Commercial Refrigeration a 1.411 1.270 IPI-O 1.111 IPPI 
318 Offc. and Store Machinery 1.462 1.322 IPI-O 1.106 IPPI 
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S I C ESCALATION FACTOR 

CODE NAME 80-87 80-84 Source 84-87 Source 

Major Group 15 Transportation Equipment Ind. 
321 Aircraft and Aircraft Part 1.644 1.477 IPI-O 1.113 IPPI 
323 Motor Vehicles Manf. 1.556 1.370 IPI-O 1.136 IPPI 
324 Truck Body and Trailer Man 1.444 1.278 IPI-O 1.130 IPPI 
325 Motor Vehicle Parts and Ac 1.330 1.243 IPI-O 1.070 IPPI 
327 Shipbuilding and Repair 1.505 1.352 IPI-O 1.113 IPPI 
328 Boatbuilding and Repair 1.541 1.352 IPI-O 1.140 IPPI 

Major Group 16 Electrical Product Ind. 
335 Communicatins Equipment Md..240 1.122 IPI-O 1.105 IPPI 
336 Manf. of Electrical Ind. E 0.659 0.592 IPI-O 1.114 IPPI 
339 Manf. of Misc. Electrical 1.404 1.295 IPI-O 1.084 IPPI 

Major Group 17 Non-Metallic Mineral Product Ind. 
351 Clay Products Manf. 1.699 1.397 IPI-O 1.216 IPPI 
352 Cement Manf. 1.600 1.480 IPI-O 1.081 IPPI 
353 Stone Product Manf. 1.549 1.376 IPI-O 1.126 IPPI 
354 Concrete Product Manf. 1.464 1.318 IPI-O 1.111 IPPI 
356 Glass and Glass Products M 1.545 1.406 IPI-O 1.099 IPPI 
359 Misc. Non-Metallic Mineral 1.549 1.376 IPI-O 1.126 IPPI 

Major Group 18 Petroleum and Coal Product Ind. 
365 Petroleum Rafineries 1.508 1.883 IPI-O 0.801 IPPI 
369 Misc. Petroleum and Coal P 1.508 1.883 IPI-O 0.801 IPPI 

Major Group 19 Chemical and Chemical Product Ind. 
372 Manf. of Mixed Fertilizers 1.253 1.272 IPI-O 0.985 IPPI 
373 Manf. of Plastics and Synt 1.209 1.151 IPI-O 1.050 IPPI 
376 Manf. of Soap and Cleaning 1.419 1.303 IPI-O 1.089 IPPI 
378 Manf. of Industrial Chemic 1.261. 1.272 IPI-O 0.991 IPPI 
379 Misc. Chemical Ind. 1.328 1.255 IPI-O 1.058 IPPI 

Major Group 20 Miscellanous Manufacturing Ind. 
391 Scientific and Proffesiona 1.290 1.219 IPI-O 1.058 IPPI 
393 Sporting Goods and Toy Ind 1.457 1.257 IPI-O 1.159 IPPI 
399 Misc. Manufacturing Ind., 1.407 1.291 IPI-O 1.090 IPPI 

DIVISION 8 Trade 

Major Group 2 Retail Trade 
631 Food Stores 1.418 1.290 IPI-O 1.099 IPPI 
642 General Merchandise Stores 1.418 1.290 IPI-O 1.099 IPPI 
652 Tire, Battery and Accesori 1.418 1.290 IPI-O 1.099 IPPI 
654 Gasoline Service Stations 1.418 1.290 IPI-O 1.099 IPPI 
656 Motor Vehicle Dealers 1.418 1.290 IPI-O 1.099 IPPI 
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S I C ESCALATION FACTOR 

CODE NAME 80-87 80-84 Source 84-87 Source 

658 Motor Vehicle Repair Shops 1.418 1.290 IPI-O 1.099 IPPI 
663 Shoe Stores 1.418 1.290 IPI-O 1.099 IPPI 
665 Men's Clothing Stores 1.418 1.290 IPI-O 1.099 IPPI 
667 Woman's Clothing Stores 1.418 1.290 IPI-O 1.099 IPPI 
669 Clothing & dry goods 1.418 1.290 IPI-O 1.099 IPPI 
673 Hardware Store 1.418 1.290 IPI-O 1.099 IPPI 
676 Household Furniture & Appl 1.418 1.290 IPI-O 1.099 IPPI 
678 Radio, TV & Applience Repal.418 1.290 IPI-O 1.099 IPPI 
681 Drug Stores 1.418 1.290 IPI-O 1.099 IPPI 
691 Books & Stationary Stores 1.418 1.290 IPI-O 1.099 IPPI 
692 Florists 1.418 1.290 IPI-O 1.099 IPPI 
694 Jewellery Stores 1.418 1.290 IPI-O 1.099 IPPI 
696 Liquor, Wine & Beer Stores 1.418 1.290 IPI-O 1.099 IPPI 
697 Tobacconists 1.418 1.290 IPI-O 1.099 IPPI 
699 Misc. Retail Stores 1.418 1.290 IPI-O 1.099 IPPI 

DIVISION 9 Finance, Insurance and Real Estate 

701-737 (all categories) 1.670 1.380 IPI-O 1.158 wages 

DIVISION 10 Community, Business and Personal Service 

Major Group 2 Health and Welfare Services 

821-828 (all categories) 1.709 1.456 IPI-O 1.123 wages 

Major Group 4 Amusement and Recreation Services 
841 Motion Picture Theatres 1.514 1.322 IPI-O 1.145 CPI 
842 Motion Picture Production 1.514 1.322 IPI-O 1.145 CPI 
843 Bowling Alleys & Billiard 1.660 1.450 IPI-O 1.145 CPI 
844 Golf & Country Clubs 1.660 1.450 IPI-O 1.145 CPI 
845 Theatrical Entertainment 1.660 1.450 IPI-O 1.145 CPI 
848 Ice Rinks 1.660 1.450 IPI-O 1.145 CPI 
849 Misc. Amusement & Recreati 1.660 1.450 IPI-O 1.145 CPI 

Major Group 5 Services to Business Management 
851 Employment & Personal Agen1.410 1.226 IPI-O 1.15 wages 
853 Computer Services 2.984 1.226 IPI-O 2.43 wages 
855 Security & Investigation S 1.243 1.226 IPI-O 1.01 wages 
861 Accountants 1.412 1.226 IPI-O 1.15 wages 
862 Advertising Services 1.500 1.528 IPI-O 0.98 wages 
864 Architects & Engineers 1.254 1.226 IPI-O 1.02 wages 
866 Lawyers & Notaries 1.450 1.226 IPI-O 1.18 wages 
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CODE NAME 80-87 80-84 Source 84-87 Source 

867 Management & Business Cols1.434 1.226 IPI-O 1.17 wages 
869 Misc. Services to Manageme 1.458 1.226 IPI-O 1.18 wages 

Major Group 6 Personal Services 
871 Shoe Repair Shops 1.570 1.306 IPI-O 1.20 wages 
872 Barber & Beauty Shops 1.519 1.306 IPI-O 1.16 wages 
874 Laundries, Cleaners & Pres 1.704 1.344 IPI-O 1.26 wages 
876 Self-Service Laundries and 2.058 1.306 IPI-O 1.57 wages 
877 Funeral Services 1.570 1.306 IPI-O 1.20 wages 
879 Misc. Personal Services 1.570 1.306 IPI-O 1.20 wages 
Major Group 7 Accommodation and Food Services 
881 Hotels & Motels 1.541 1.354 IPI-O 1.13 wages 
883 Lodging Houses & Residenti 1.577 1.354 IPI-O 1.16 wages 
884 Camp Grounds & Trailer Par 2.077 1.354 IPI-O 1.53 wages 
886 Restaurants, Caterers & to 1.472 1.354 IPI-O 1.08 wages 
891 Labour & Trade Association 1.421 1.319 IPI-O 1.07 wages 
893 Photographic Services 1.421 1.319 IPI-O 1.07 wages 
894 Automobile & Truck Rental 1.421 1.319 IPI-O 1.07 wages 
895 Machinery & Equipment Rent1.421 1.319 IPI-O 1.07 wages 
896 Blacksmithing and Welding 1.421 1.319 IPI-O 1.07 wages 
897 Misc. Repair Shops 1.421 1.319 IPI-O 1.07 wages 
898 Services to Buildings 1.421 1.319 11'1-0 1.07 wages 
899 Misc. Services 1.421 1.319 IPI-O 1.07 wages 

NOTE: Escalation factors are listed only for the SIC classes which were 
represented in the survey. 
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