
AN ABSTRACT OF THE THESIS OF 

Thomas Michael Carroll   for the degree of Master of Science  

in Agricultural and Resource Economics presented on February 29, 1980 

Title;  Tests of the RAS and Modified RAS Updating Techniques on a  

Regional Input-Output Model  

Abstract approved: ^__    
Herbert K. Stoevener 

Regional input-output models have proven to be useful tools in 

analyzing small economies. A number of communities in North America and 

Europe have models of their region. These models provide the communities 

with, a mathematical description of their local economy. As time passes, 

however, the local economy changes, causing the regional input-output 

model to lose its usefulness and eventually become outdated. When a 

regional model becomes outdated either it can be updated or a new model 

can be constructed, or the model can be abandoned. 

The useful life of a regional input-output model is difficult to 

evaluate. Only one has ever been tested; the results of that testing 

indicate that these models become outdated quickly. 

This study examines a second regional model to see if it is still 

usable after nine years. The model is found to be badly out of date.  In 

addition, this study tests two general updating techniques, the RAS method 

and the modified RAS method. These two techniques are considered the most 

popular updating methods. The RAS techniques attempt to adjust an out- 

dated jnodel using information from a later year. Although the updated 

models provide a better description of the later year than did the original 



model. It does not appear that the updated models are accurate enough 

to be used for serious analytical, work. 
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TESTS OF THE RAS AND MODIFIED RAS UPDATING 

TECHNIQUES ON A REGIONAL INPUT-OUTPUT MODEL 

CHAPTER I 

INTRODUCTION 

A number of communities have found regional input-output models a 

useful way of analyzing their local economies. Presently seven counties 

in Oregon have input-output models of their areas; one sub-county area 

in the state also has a model. Beyond the eight regional input-output 

models in Oregon, there are a number of small regional models throughout 

the rest of North America and Europe. These regions use input-output 

models both as a description of their economy and as a tool for estimating 

the impacts of expected changes in their economies. 

In 1977 the Department of Agricultural and Resource Economics at 

Oregon State University was approached with a very interesting question 

about these regional models. Officials from Clatsop County, Oregon, 

wanted to know if a 1968 model of their economy developed by Collin (1970) 

was still an accurate description of the Clatsop economy in 1977.  The 

officials wanted an economic analysis of their area for land-use planning 

purposes.  They were required by state law to develop a comprehensive 

land-use plan for the county and one of the required elements of this 

plan was an economic analysis of the county.  In addition, they had other 

uses for an input-output model. They planned to use the model to analyze 

a number of anticipated economic changes in the county.  First, however, 

they wanted to know if their 1968 model was still reliable in 1977.  They 

feared that, in the intervening nine years, the original model had become 



outdated. 

A review of the literature showed that the question of how long a 

regional input-output model remains usable had not been answered, espec- 

ially for a region as small as Clatsop County. There was no way of 

knowing what the useful life of one of these models really was.  Only one 

regional model had ever been tested, this was in a study of two models 

from Washington State. The results of this study indicated that the 

Washington State economy changed significantly in just four years, and 

that original model, therefore, become outdated in those four years. 

Similar results were reported for tests on national input-output models. 

These results will be discussed in more detail in the next chapter; their 

general conclusions indicated that large economies do change rapidly over 

time and that input-output models of these economies become outdated 

relatively quickly. All of the economies tested were much larger and 

more complex than the Clatsop economy.  It was possible the test results 

from these larger economies were not applicable to smaller areas like 

Clatsop County.  In addition, it did not seem likely that small economies 

changed at the same rate as state or national economies. Hence, these 

studies did not provide a clear answer as to whether or not the original 

Clatsop model was still useful nine years later. 

Another question that developed while consulting with county 

officials was whether we could accurately update the original model to 

describe the 1977 Clatsop economy. An update of a model is an attempt 

to account for the changes that have occurred over time. The original 

model is adjusted to reflect those changes. A number of adjustment 

techniques exist; the general idea is to use recent secondary data to 

improve the original model.  If the secondary data are readily available. 



then the costs of the update are minimal. There was no proof in the 

literature, however, the updating was either accurate or necessarily 

inexpensive. The necessary data might not be easy to collect; in some 

cases it might be impossible to collect. 

Without a clear answer to either of Clatsop County's questions there 

was no way of advising them on the suitability of either using their 1968 

model for 1977 analysis or of trying to update their 1968 model.  Our 

suspicion was that after nine years the original model had become out- 

dated, but there was no proof of that. The only way to find out whether 

the 1968 model was still accurate was to construct a 1977 model for the 

county and then compare the two models.  In addition, the second model 

could act as a standard for judging how well updating techniques can up- 

date previous models.  Lastly, a 1977 model would provide the county 

planners with a current model for their land-use planning. Thus it was 

decided to construct a completely new input-output model for Clatsop 

County. 

Beginning in late 1977, plans were made to construct a new model for 

the county. A random sample of business firms were interviewed in the 

first six weeks of 1978. By June of 1978 the basic input-output tables 

and the sector multipliers were made available to the county.  In December 

of 1978, a full report on the 1977 Clatsop County input-output model was 

published by Carroll and Stoevener (1978). 

Beyond using this model in their land-use planning process, county 

officials have also used the model to analyze the expected impacts of 

changes in their economy.  To date the model has been used to analyze 

the impacts of:  (1) a salmon enhancement program, (2) the expansion of 

tourist facilities, (3) changes, both positive and negative, in commercial 



fish harvests, (.4) the closure of a fish processing plant, (5)   the ex- 

pansion of a boat harbor, and (6) the expansion of facilities at the port. 

In this study the Clatsop County model for 1977 will be used to 

answer Clatsop County's original questions. The 1977 model will be used 

to find out if the original 1968 model had become outdated and, if so, 

whether or not the 1968 model could have been updated to approximate the 

1977 economy in Clatsop County.  The finding of this study should be of 

interest to all the small regions throughout North America and Europe 

with regional input-output models. 



CHAPTER II 

THEORY AND PAST RESEARCH 

General Input-Output Economics 

Many good descriptions of regional input-output analysis exist, in- 

cluding Miernyk (1965) and Richardson (1973).  The following brief dis- 

cussion is not meant to summarize these works, but is offered strictly 

to introduce the basic concepts of input-output analysis that are essen- 

tial to this study. 

An economy in input-output analysis is divided into economic sectors; 

each sector is designed to contain only those regional firms— that share 

economic traits, such as common products or common production techniques. 

Each firm in the region must belong to one and only one sector. When 

primary data are used, sales and purchases information is gathered from 

a sample of firms within each sector; otherwise this information is esti- 

mated from secondary sources.  From the sales and purchase information, a 

regional transactions table is constructed for the economy. The trans- 

actions table describes the economic interactions between the various 

sectors of the region and the relationships of the local sectors to the 

economy outside the region. 

Table 1 is a generalized transactions table. The table presents 

the selling and purchasing activities for each sector. The sales for 

each sector are read across the sector's row; the purchases are read 

down the sector's column. The x.. element of the transactions table shows 

—  The term "firm" refers to any economic organization in the region, 
including businesses, individuals, agencies or associations. 



Table 1. The General Form of the Transactions Table. 
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the dollar value of the goods and services sold by the i  sector to the 

j  sector. Each element in the transactions table represents a sale by 

one sector and a purchase by another sector. Sales and purchase activity 

are divided between endogenous and exogenous sectors. The endogenous 

sectors are those that contain the regional firms. The exogenous sectors 

contain firms outside the region.  In addition, the exogenous sectors 

often contain sectors to account for changes in inventory and/or capital. 

The sum of the transactions elements for any column is that sector's total 

purchases. The column sum for just the endogenous sectors is that sector's 

intermediate purchases; these are the purchases made from fiims within the 

region. The sum of the transactions elements for any row is that sector's 

total sales. The sector's intermediate sales is the sum of just the en- 

dogenous sectors along the row. Total economic activity for the region 

is either the sum of total sales or total purchases for all of the sectors. 

From the regional transactions table a set of regional direct co- 

efficients are calculated. The direct coefficient is denoted as a.. and 

is calculated as 

a.. = x../X. 
ij   iJ 3 

for i,j = 1, 2 ... Z 

Direct coefficients are usually only calculated for endogenous sectors, 

though other direct coefficients could be derived. A direct coefficient 

is the proportion of sector j's total purchases supplied by sector i. 

The full column of direct coefficients shows how the j  sector purchased 

its necessary inputs from the other regional sectors.  If the j  sector 

also imports some of its inputs from outside the region, then the sum of 

the direct coefficients would be less than one. The difference between 



the sum of the direct coefficients for the j column and unity is the 

proportion of goods and services in the j sector purchased from exo- 

genous sectors. 

The full matrix of direct coefficients represents the direct link- 

ages between all the sectors within the region.  In a closed economy Cno 

importing or exporting) the direct coefficients would represent the 

technical linkage between sector i and sector j. The coefficient a... 

would describe the necessary proportion of goods and services sector j 

requires from sector i in order to produce its own goods and services. 

In an open economy all the technical requirements of the sector are not 

necessarily purchased from within the local economy.  In a regional 

economy some of the goods and services required must be imported. Thus 

regional direct coefficients do not necessarily represent the technical 

linkages between sectors. These coefficients are dependent upon how much 

the local economy can satisfy the needs of local firms. The regional 

coefficient is a function of both the technical linkage between two 

sectors and the trade patterns of the area.  If the i  sector cannot 

supply all of the goods and services the j  sector requires, then the 

j  sector will import the difference. 

In order to analyze both the direct and indirect linkages within the 

region, it is necessary to derive a matrix of direct-indirect coefficients 

from the matrix of direct coefficients. The derivation of this matrix 

starts with the general linear equation for the i  sector. 

n       I n 
X. = Z x. . = Z    x. . + E x 

j=l  J  j=l  J  j=m 

if we set 
i n th 
Z x.. = Y. = final demand for the i  sector 



then 

I 
X. = E x.. + Y. 
1  j = l ^   1 

given that the direct coefficient is defined as 

a.. = x../X. 

then 

x.. = a..X. 

and given that 

X. = X.  for ij = 1, 2, . .. I 

therefore 

X. = Z    a..X. + Y. = £ a..X. + Y. 
1  j = l ^ J   1   j-1 « 1   1 

The set of linear equations for the full model can be expressed in matrix 

form as: 

X = AX + Y 

where 

X = a vector of sector total outputs (X.) 

Y = a vector of sector final demand (Y.) 
i 

A = a matrix of direct coefficients (a..) 

solving for X 

X = AX + Y 

X - AX = Y 
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[I - A]X = Y 

[I - A]"1!! - A]X = [I - A]"^ 

X = [I - AJ^Y 

where I is the identify matrix. The [I - A]~ matrix is the set of 

direct-indirect coefficients. They identify the complete linkage between 

each sector, including all indirect linkages. A change in final demand 

is translated through the direct-indirect coefficients into changes in 

total output. 

Another product of a regional input-output analysis is regional 

multipliers. The multipliers are calculated by summing the columns of 

the direct-indirect coefficients matrix. The multiplier for a sector is 

a summary of the linkages that sector has within the regional economy. 

The multiplier measures how a one unit change in final demand impacts 

the complete regional economy.  If a sector has a multiplier of 2.5 this 

means that for a one dollar change in the sector's final demand the 

regional economy changes by $2.50. 

The Stability of Regional Coefficients 

The instability of regional input-output models is hypothesized by 

Tiebout (1957) who feels that there is no logical reason to believe that 

regional coefficients should remain constant over time since "there is 

no logical reason to expect trading patterns to exhibit stability". 

Therefore Tiebout advises against using regional input-output models for 

any form of analysis beyond the year for which the model was constructed. 

Evidence of the instability of national direct coefficients is 

abundant.  Leontief (1953) demonstrates the instability of American co- 

efficients; Carter (.1970) confirms Leontief s results. Studies using 
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national models for Norway CSevaldson, 1963 and 1970), Finland CForsell, 

1972), Germany (Staglin and Wessels, 1972), the Netherlands CTilanus, 

1966), Ireland (McGilvray and Simpson, 1969), and Japan CWatanabe and 

Shishido, 1970) all show conclusively that national direct coefficients 

do change over time. 

The lack of two reliable input-output models for most regions has 

meant that the stability of regional coefficients could not be tested as 

extensively as have national coefficients. The completion of a second 

input-output model for the state of Washington by Beyers, et.al. {.1970) 

allowed for testing of regional coefficient stability. Beyers modeled 

the 1967 Washington economy; the earlier state model was done by Bourque 

and Weeks C1969) for the 1963 economy. Beyers {1972)  and Conway C1975) 

both tested the stability of the Washington coefficients using the two 

state models. They both found that the coefficients had changed in four 

years, but they differ in their interpretations of these changes. Beyers 

feels that the 1963 Washington input-output model is reasonably accurate 

in estimating 1967 gross state output (using 1967 final demand), though 

not as accurate in estimating individual sector outputs. Beyers concludes 

that the 1963 state model is still a good approxiraator of the 1967 economy 

for total and sector outputs. Conway (1975) points out that even though 

the 1963 model does a fair job of predicting 1967 aggregate values, the 

individual coefficients are extremely unstable. Conway calculates that 

over half the direct coefficients vary by at least 80 percent between 

1963 and 1967. Looking at just the largest sector interactions, those 

over $2 million, Conway finds that three-fifths vary by at least 40 per- 

cent. Conway concludes that such instability in the individual coeffi- 

cients can lead to large and unacceptable errors in any analysis using the 

1963 model as an approximation of the 1967 state economy. 
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Studies by Tilanus (.1966) and Barker (1975) indicate that, for 

national input-output models the longer the time :elapsing between two 

models of the same area, the greater the change will be between coeffi- 

cients. Similar tests have not been conducted for regional models, but 

it seems likely that regional coefficients would behave in the same manner. 

The results for national models is clear; the coefficients change 

over time and the longer the time the greater the change.  Regional models 

have not been tested extensively, but from Conway's (1975) results it 

appears that regional coefficients also become outdated with time. The 

1963 Washington State model was outdated in four years, the Clatsop County 

models being tested in this study are nine years apart. As more regional 

models are tested, we can develop a better idea of how long these models 

remain reliable. 

Possible Causes of Coefficient Instability 

A number of causes have been hypothesized to explain changes in re- 

gional direct coefficients over time. The four most common explanations 

are (1) a change in technology over time, (2) a change in relative prices 

over time, (3) a change in product mix within sectors over time, and 

(4). a change in business trading patterns over time. 

Change in Technology 

Changes in technology are considered by Carter (1970) as the prime 

cause of changes in national direct coefficients. To the extent that 

regional economies follow the technological patterns of the nation, changes 

in technojogy are important determinants of regional coefficient change 

also. 
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Technology defines the production process by which firms produce 

the goods and services they offer in the market. Developed countries, 

such as the United States, use highly technical production processes. 

The structure of these economies is expected to change when the techno- 

logies within the economy change. The newest production techniques often 

require different inputs or inputs in different proportions from pre- 

viously used methods. As time passes the direct coefficients from an 

old model may represent a mix of inputs that is no longer used.  It is 

also possible that new products and services are on the market that did 

not even exist when the older model was constructed. Technology can 

change the actual structure of an economy while an old input-output model 

may not reflect those changes. 

The changes that occur in technology occur sporadically, and would 

not be expected to occur evenly through time nor uniformly across sectors. 

By its very nature, the inventive process is extremely difficult to 

forecast. 

In regional economies the impact of technical change depends upon 

the degree of development within the region. A change in technology will 

affect a region if the region contains firms that can take advantage of 

the change, or if regional firms compete with firms that can take ad- 

vantage of the technical advance. The expected effects of a change in 

technology upon the regional coefficients depend upon the nature of the 

region. 

Changes in Prices 

Changes in relative prices affect the quantities of goods and ser- 

vices demanded. A relative price change, in its simplest form, means 



14 

that the price of one product has either decreased or increased in com- 

parison to other products. Relative price changes are different from 

absolute price changes.  If all prices change at the same rate and in the 

same direction, then they all remain in the same relationship to each 

other and no relative change takes place.  It is when prices rise, and 

occasionally fall, at different rates that relative price changes occur. 

When prices change at different rates, the relative attractiveness 

of goods and services changes.  If a product D has a relatively lower 

price than a competitive product E since the last time an input-output 

model for the region was constructed, the old model may be inaccurate. 

All of the sectors that can substitute product D for E would be expected 

to do so, unless D is an inferior good. The exact extent of this sub- 

stitution depends upon the marginal rate of technical substitution for 

these two products. Still the direct coefficients reflecting purchases 

of product D should rise while those for product E should fall. This 

effect is compounded by the fact that most economies are made up of 

thousands of goods and services. As these many products change in rela- 

tive prices over time, the direct coefficients in regional models would 

be expected to change also. The coefficients in old models would then 

become outdated. 

Changes in Product Mix 

A change in the product mix within a sector is a change in the rela- 

tive sizes of the different industries and firms within the sector. The 

assumption that each sector is composed of very similar firms simplifies 

the reality that each sector is made up of firms with different production 

functions and trade patterns. Sectors may be designed to minimize these 
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differences among firms, but some differences usually still exist. The 

direct coefficient for any sector is the weighted average of the direct 

coefficients for each firm in the sector. The weights reflect the dif- 

ferences in size between the firms. Even if all the firms in a sector 

were to retain the same direct coefficients the sector's coefficient could 

change. If the relative sizes of the firms changed then the new coeffi- 

cient would have to reflect these changes.  In a simple example, a sector 

has only two firms: the first firm spends 20 percent of its production 

costs on some product and the second firm spends 30 percent on the same 

product.  If both firms are the same size then the sector's direct co- 

efficient for this product is .25.  If, over time, the two firms retain 

the same coefficient for purchasing this product but change their rela- 

tive sizes so that the second firm is now twice as large as the first, 

then the sector's direct coefficient for the product would increase to 

.267 Cwhich is the weighted average for the two firms:  ICQ 0-2) + 

C2}C.-3)J/I1 + 2]).  It seems reasonable that sectors with many differing 

firms and industries would experience these types of changes over time. 

Regional input-output models often have fewer sectors than have 

national models; generally the fewer the sectors there are the more 

diverse will be the firms within each sector. When each sector contains 

a variety of firms, they are susceptible to changes in their relative 

size and therefore to the direct coefficient for each sector. 

McGilyray and Simpson (.1969) find that the Irish input-output model 

is more sensitive to changes in its product mix than to changes in tech- 

nology. These results contrast with those of Bezdek and Dunham C1976) 

who find that changes in product mix are not correlated to changes in the 

direct coefficients in American input-output models. The difference in 
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results may be a function of the difference in size between the models 

for the two economies. 

Changes in Trade Patterns 

Changes in regional trading patterns over time reflect difference in 

the places where regional firms purchase goods and services from one time 

to the next. The direct coefficient accounts for the proportion of pur- 

chases made within the region. The sum of a sector's direct coefficients 

is generally less than one, implying that out of each dollar spent in 

production Cor consumption) some of the goods and services are imported. 

When the proportion of imports changes significantly this generally 

means that the proportion of locally purchased goods and services has 

changed in the opposite direction. These are changes in the business 

trading patterns for the region. If imports increase over time, some of 

the direct coefficients must decline. Unstable trading patterns for a 

region cause unstable regional coefficients. 

Tiebout (1953) stated over 25 years ago that changing regional trade 

patterns are the prime cause for changes in regional coefficients. Tiebout 

hypothesized that most regions would not have stable trading patterns and 

therefore regional input-output models would become outdated rather 

quickly. Su (1970) points out that the trading pattern for a region is 

related to the region's size. He feels that large, diversified regions 

rely* less on importing than smaller regions do. The large region both 

produces more of the products it needs and has a better developed system 

of wholesalers and retailers for distributing products to regional firms. 

The smaller region is more likely to have to search beyond its border to 

fulfill its requirements. According to Richardson (1973) there is no 

satisfactory method for forecasting changes in regional trade patterns. 
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Determining the individual effect of each of the four hypothesized 

causes of change in regional direct coefficients is difficult. Compounding 

this problem is the fact that all these causes can interact with each 

other significantly. A change in technology can in turn initiate further 

changes in trade patterns, relative prices and/or sector product mix. A 

change in any facet of a regional economy can cause a ripple of other 

changes throughout the region. Many of those effects depend upon the 

specific nature of the region. 

The preceding two sections have produced two broad conclusions, that 

empirical evidence has shown both national and regional input-output co- 

efficients to be unstable, and that there exists at least four theoreti- 

cally sound reasons why this is so. With both theoretical and empirical 

grounds questioning the stability of regional coefficients, the next 

question to ask is if old regional models can be accurately updated. 

General Types of Updating Procedures 

A wide variety of updating techniques have been developed; this may 

be because empirical evidence has proven coefficients to be unstable: the 

updating techniques are designed to estimate the direct coefficients with- 

out incurring the expenses of collecting all the primary or secondary 

data necessary to construct a new model. These techniques all assume 

that a previous input-output model has been constructed, but that the 

old model no longer reflects the structure of the economy. These updating 

techniques are: 

(1)    The statistical correction method, 

C2) Tiebout's technique. 
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C3) The "best practices firms" method, 

C4) Detailed price and value adjustments, 

C5) The ex-ante method, 

C6) The RAS method, and 

C7) The modified RAS method. 

Of these updating techniques, the RAS and modified RAS method are the most 

extensively used according to LeComber Q1975). 

Statistical Correction Method 

The statistical correction method was developed by Tilanus (.1966) 

for updating input-output models from the Netherlands. The Netherlands 

had constructed models for their economy on an annual basis; Tilanus used 

13 previous models for his updating. He estimated the updated coefficients 

by extrapolating from the previous coefficients. An obvious drawback to 

extrapolating from previous models is that few economies have enough pre- 

vioxis models. This is especially true for regional models.  In addition, 

Barker Q975] shows that the full use of all 13 years of information in 

Tilanus* work did a worse job of estimating than simply using the most 

recent year as an estimator. Tilanus1 updating method is a simplification 

of work done by Arrow and Hoffenberg (1959), who attempted to estimate 

direct coefficients using regression analysis. Though Arrow and Hoffenberg 

were successful, their method was much more expensive than building a 

model from scratch. 
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Tiebout's Technique 

Tiebout (.1969) was faced with the challenge of estimating a 1980 

input-output model for the state of Washington from the 1963 state model. 

Tiebout devised an ingenious updating technique utilizing both technical 

and trade pattern estimates for the region.  In an attempt to account for 

the future technical relationships between sectors, he used national esti- 

mates developed by Almon et.al. C1974).    To account for the expected 

changes in state trade patterns from 1963 to 1980 Tiebout hypothesized 

that by 1980 Washington State would grow into an economy similar to the 

economy of the San Francisco Bay Area of 1964. He then combined the pre- 

dicted technical coefficients with the trade coefficients from the Bay 

Area. This technique requires a large amount of judgment; time has not 

proven whether this judgment has been correct. 

Best Practices Firms 

Miernyk (1970) proposed an updating technique utilizing information 

about so-called "best practices firms", information collected when the 

original input-output model was constructed. He defined a best practices 

fixm as being one of the technically more advanced firms within its sector. 

Miernyk hypothesized that, at some time in the future, the best practices 

firms would be the average firms. When this occurred, the direct co- 

efficients for these firms would accurately represent the direct co- 

efficients for the entire sector. The strength of this technique is in 

identifying trends in technical change within the economy. However, for 

regional models the business trade patterns are as important as the 

technical production functions, and the best practices firms method does 

not appear capable of identifying these important trade relationships. 



20 

There is no reason to believe that a best practices firm will trade in 

one time period in the same manner as the average firm of its sector will 

trade in a future time period. 

Price and Value Adjustments 

Vaccara (1969) developed an updating technique based upon detailed 

information about price changes over time. She hypothesized that changes 

in price alter the value of goods and services, causing substitutions 

between differing products and often differing sectors. Vaccara applied 

the specific price information she collected to a previous input-output 

model. At the same time she used a substantial amount of judgment in 

making the update adjustments. 

Ex-Ante Method 

Variations of the ex-ante updating technique have been published by 

Ellman C19681, Buzunov C1969), Fisher and Chilton (1972) and Fisher (1975) 

The main feature of this technique is the use of technical experts to up- 

date each sector. The experts are expected to supply the input-output 

professional with an up-to-date analysis of the firms and industries in 

each sector. The experts are chosen as people who have been actively 

working in their sector of expertise; they are expected to know what 

changes have occurred in their sector since the last input-output was con- 

structed. They examine the old direct coefficients and suggest to the 

professional how these old coefficients should be adjusted to reflect 

present conditions. The final adjustments are the responsibility of the 

professional. For regional updates Miernyk (1975) suggests that business 

executives, rather than technical experts, be used in the update. The 
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executive would be expected to account for changes in technical relation- 

ships and changes in their sector's trade patterns, whereas a technical 

expert might miss the changes in trade patterns. The critical point in 

either approach is in choosing the best people to aid in the update. 

The RAS Method 

The RAS method of updating direct coefficients was developed by 

Stone and Brown (1962), based in part on a technique proposed by Leontief 

(1941) and expanded by Demming (1943).  Leontief simply hypothesized that 

the direct coefficients for the original model could be adjusted by row 

and column adjusters to approximate the direct coefficients for a sub- 

sequent time period.  Leontief's adjustment process took the general 

form of: 

a..(1) = r. s. a..(0) 

where 

r. = the row adjuster for the i  sector 

s. = the column adjuster for the j  sector 

and 

(0). denotes time period zero 

(1) denotes time period one 

Stone and Brown attempted to give economic meading to the row and column 

adjusters proposed by Leontief. They hypothesized that a change in an 

input-output model can be attributed to three causes:  (1) a change in 

prices, (2). the substitution of one product for another, and (3) a change 
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in the degree of fabrication applied by any sector in its production pro- 

cess (Stone and Brown, 1965). 

The first cause of change in input-output models proposed by Stone 

and Brown was a change in prices. According to them the price adjuster, 

labeled "p", accounts for the change in the absolute price level between 

times zero and one. 

aggregate price level (1) 
™ ~ aggregate price level CO) 

This adjuster is used on the elements of the transactions table to update 

the entries in time zero to reflect the price level in time one. When 

the adjuster for changes in absolute prices is applied to the direct co- 

efficients, the coefficients remain unchanged. This is because each 

element in a column of the transactions table is multiplied by the same 

adjustment factor. 

a.jCD.  = xi.Cl)/XjCl)   = px^COVpXjCO)  = x.jCOJ/X^O)   = a.^O) 

For this reason the price adjuster cancels out of the RAS equations when 

applied to the direct coefficients. 

The changes caused by substituting products was hypothesized by Stone 

and Brown (1965) to occur along the rows of the' input-output model. Sub- 

stitution effects account for any changes in the sales pattern of a sector 

that have occurred over time. Changes along the row are caused by sub- 

stituting one product for another; the row of direct coefficients is 

adjusted to reflect these changes by the row adjuster r.. This adjuster 

is determined by dividing the proportion of the sector's intermediate 

sales in time period one by the proportion of sector intermediate sales 

in time period zero. 
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z x. .CD /x.CD 
j=i 1J / 1 

r. 

Z x. .(0) Vx.co) 
j=1 iJ j' i> 

As an example of a row adjustment, suppose sector i sells 50 percent of 

its production to endogenous sectors in time period zero and then de- 

creases intermediate sales to 20 percent in time period one. The row ad- 

2 
justor r. for this example is .4 CV = •4)- Therefore, each coefficient 

in row i of the original model (time period zero) would be adjusted to 

reflect the decrease in endogenous sales. 

a..CD = r. a..CO) = .4 a..CO) for the i* row 
ij      i ij        ij 

This procedure assumes that the 60 percent decline in endogenous sales is 

shared proportionally among all the non-zero coefficients of the row. 

The row adjuster only accounts for changes caused by the substitu- 

tion effect. Stone and Brown C.1965) also hypothesized that an input-output 

model could change because of changes in a sector's degree of fabrication. 

That is, the proportion of products purchased locally has changed. The 

mix of inputs used in time one to fabricate the sector's production is 

different from the mix used in time zero. This effect includes any changes 

in the regional trade patterns concerning the proportion of locally pur- 

chased items versus imported items. The fabrication effect alters the 

columns of the model. To adjust for changes in the columns, the RAS method 

uses a column adjuster labeled "s.". This adjuster is the ratio of the 

proportion of sector intermediate purchases in time period one to the pro- 

portion of sector intermediate purchases in time period zero. 
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s. = 
( 

I 
E  x Cl)l/X,(l) 

i=l  1J 

z x Ci))/x.CO) 
i=l 1J > J 

as an example of a column adjustment, suppose sector j purchases 50 per- 

cent of its inputs from endogenous sectors in time zero and increases its 

regional purchases to 75 percent in time one. The column adjuster for 

75 
sector j, s., is 1.5 C—^- = 1.5). Therefore, each coefficient in the J  j        .50 ' 

■f*Vi 

j  column of the original model would be adjusted by s. to reflect the 

increase in endogenous purchases. 

a..Cl) = s. a..CO) = 1.5 a..(0) 

Again this procedure assumes that the adjustment affects all the non-zero 

coefficients in the j  column proportionally. All the coefficients share 

equally in the relative change. 

For an individual direct coefficient, the first RAS equation is: 

a.-U) = r. p a..CO) -^—   s. = r. a..C0) s. 

In matrix notation the first RAS equation is 

-1 
ACU   = <*> <p> ACO) (^y1 <s> = <r> ACO) <s> 

where 

ACQ = the matrix of direct coefficients for the update time 

period (time one) 

ACQ) = the matrix of direct coefficients for the original time 

period Ctiroe zero) 
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r = the vector of row adjusters 

s = the vector of column adjusters 

p = the vector of price adjuster 

( y =  a diagonalized matrix with the vector values on the 

main diagonal and zeros everywhere else. 

An important point to note in both the individual and matrix equation is 

that the row and column adjusters adjust the original coefficients simul- 

taneously.  In practice these adjustments are approximated by an iterative 

process explained in chapter four. 

In order to determine a unique (and hopefully accurate) set of direct 

coefficients for the update year, it is necessary to define two more 

equations. The updated matrix which is the final product of the RAS cal- 

culations must be consistent with control values for the update year. 

These control values are:  (.1) total output for each sector, (2) inter- 

mediate output for each sector, and C3) intermediate input for each sector. 

For matrix calculations these control values are denoted as: 

q = vector of sector total outputs for the update year 

Ctime one) 

u = a vector of sector intermediate outputs for the update 

year Ctime one) 

v = a vector of sector intermediate inputs for the update 

year (time one) 

The elements of these three vectors can be defined as: 
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q. = X. = I X.. 
1   1  j=l ^ 

u. = I    x. . 

I 
v. = Z    x.. 

An additional vector necessary for the RAS equations is: 

i = the identity vector, each element equals one 

Using these definitions, the complete set of RAS equations is: 

ACD = <r> AGO)' <s> 

ACD q = u 

q ACD' i = v 

The set of RAS equations is simply designed to estimate a matrix of 

direct coefficients for some time period one, when a matrix of coefficients 

exists from a previous time period zero. The updated coefficients are 

produced by adjusting the original coefficients using the RAS equations. 

The first of the three equations updates the original coefficients by 

applying the row and column adjusters already discussed. However, some 

criteria is needed to make these adjustments, and the last two equations 

provide those criteria. 

The last two equations require that the updated coefficients from 

the first equation be consistent with the control values from the update 

yeax. When the updated coefficients are multiplied by total sector out- 

put they must produce intermediate sector output; this is the condition of 

the second RAS equation.  For an individual sector this identity can be shown aj 
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E (a.-Cl) X.) = Z    x. .  = intermediate output for sector i 

When the transposed matrix of updated coefficients is pre-multiplied 

by total sector output they must produce the intermediate sector inputs; 

this is the condition of the third RAS equation.  For an individual sec- 

tor this identity can be shown as: 

I I 
E Ca-..C1) X.) = I x. . = intermediate input for sector i 

i=l  ^    J   i-1 ^ 

where 

X. = X. for the endogenous sectors. 

In the three RAS equations the only variable that is known is the 

matrix of direct coefficients for the original time period, AGO).  In 

addition, q, u, and v are estimated from secondary data. With this in- 

formation the three equations can be solved for the three unknowns, r, s, 

and AC!), the real variable of interest. Computer programs have been 

developed to approximate these variables through an iterative process. 

An Evaluation of the RAS Method 

LeComher C1975) states that the RAS updating method has no special 

economic significance. Miemyk (1975) goes even further to say that the 

RAS method substitutes computational ease for economic logic.  It does 

not appear that the concepts of substitution and fabrication effects are 

really necessary to apply the RAS technique; all that is needed is a pre- 

vious input-output model and estimates of control values for the update 

year. The RAS equations, then, adjust the original model without con- 
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cerning themselves about what specific effects they are adjusting for. 

It might be more correct to say that both r and s adjust for substitu- 

tion effects; r adjusts for substitutions along the rows for whatever 

reasons they occur, and s adjusts for substitutions down the columns for 

whatever reasons they occur.  In this sense, the RAS technique is not 

really founded on strong economic theory, but is rather just a mathema- 

tical tool. 

A weakness of the RAS updating technique is that the row and column 

adjustments made by this method are distributed uniformly across rows and 

down columns. Therefore, even when the RAS technique can identify aggre- 

gate changes in the sectors, there is no way the RAS can disaggregate 

those changes and assign them to the coefficients that have actually 

changed.  Instead, the mathematics of the RAS equations distribute any 

changes uniformly throughout the sector. As an example, if sector j in- 

creased endogenous purchases because a chemical firm has moved into the 

region, the RAS method would increase every non-zero coefficient in the 

j  column, even if this were the only reason sector j increases local 

purchases. By use of the control values (q, u, and v) the RAS equations 

can recognize that a change has occurred, but it has no way of knowing 

the specific nature of that change. Without this knowledge, the method 

assumes that each coefficient is affected by the change in a uniform way. 

There is no reason to believe that very many of the changes occurring in 

any region would be as uniform as the RAS method assumes. The more un- 

evenly any change affects the coefficients, the more error the RAS would 

be expected to produce. 

Another drawback of the RAS technique is that the quality of the up- 

date depends upon the quality of the estimate of q, u, and v. When the 
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control values for the update year are not accurate then there is no 

reason to think that the update will be accurate. Secondary data neces- 

sary to estimate these values may be very difficult, if not impossible, 

to locate. Stone (.1970)   agrees that very good estimates of these control 

values are critical to the RAS technique. He says that, when good esti- 

mates are not available, the RAS adjustments will be imperfect. Watanabe 

and Shishido (1970) feel that the largest source of error in using the 

RAS method for updating the 1960 Japanese model was in estimating the 

necessary control values. They found it difficult to estimate sector 

sales and purchase patterns from national secondary data available in 

Japan. For many regions the amount of available secondary data is con- 

siderably less than was available to Watanabe and Shishido in their up- 

date. It is possible that few regions have enough good secondary infor- 

mation to conduct an accurate RAS update. 

In spite of the problems associated with the RAS updating technique, 

LeComber (.1975) asserts that it (and its modifications, which share the 

same problems) is the most popular updating technique. There must be a 

reason for this. The reason is simply that the RAS technique also has 

its advantages, which are (1) that it is mathematically simple, (2) that 

it preserves the positive sign of the direct coefficients, (3) that a 

number of computer programs exist for the RAS method, (4) that when good 

secondary information is available the RAS does not require much data, and 

CS1 that when good secondary data are available the RAS method requires 

a minimum of human judgment. 

Empirical Testing of the RAS Method 

Testing the empirical validity of the RAS updating technique is 

limited by the small number of economies that have two or more input-output 
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models necessary to test the RAS. When two reliable models exist, the 

second model acts as a standard against which the updated original model 

is judged. The two models are the two observations in the test, meaning 

that most tests of the RAS technique have at the most only one degree of 

freedom. Because of the usual lack of data, tests of the RAS method 

never involve formal hypothesis testing.  Instead, simple statistics com- 

paring the updated coefficients and the actual coefficients are calculated. 

The conclusions from these simple tests are then left to judgment. The 

empirical evidence shows that the RAS method does improve outdated co- 

efficients, but falls short of accurately reproducing the actual direct 

coefficients from the later model. Whether or not the difference between 

the RAS coefficients and the actual coefficients is significant is im- 

practical to test when only one degree of freedom exists. An optimist 

may point out that the RAS coefficients are an improvement over outdated 

coefficients, whereas a pessimist may argue that the RAS coefficients do 

not provide enough improvement. 

After Stone and Brown (.1962)  developed the RAS updating technique, 

Paelinick and Waelbroeck (.19633 used and tested it on input-output models 

of Belgium. The Belgian results were presented by Stone and Brown (1965) 

and are reproduced in Table 2. The Belgian models contained 21 sectors 

with 171 zero elements; the remaining 270 non-zero elements were used in 

the tests. The 1959 Belgian model was used for the standard against which 

the RAS updated 1953 model was tested; in addition, the 1953 model was 

tested against the 1959 jnodel without adjustments. As a measure of dif- 

ference, the 1953 and updated 1953 coefficients were subtracted from their 

corresponding 1959 coefficients. The first column of Table 2 gives the 

distribution of errors, the second column gives the results of comparing 
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the 1953 model, and the third column presents the results of comparing 

the RAS update. 

Table 2. Distribution of Errors in Updating the 1953 Belgian Input-Output 
Model. 

Range of Errors 1953 Model RAS Update 

.0100+ 17 9 

.007 - .0099 8 9 

.004 - .0069 19 19 

.001 - .0039 94 116 

0 - .0009 132 117 

270 270 

SOURCE:Stone and Brown (1965). 

The RAS update was able to decrease the number of coefficient errors 

greater than .01. Otherwise, the RAS update did not appear to do any- 

better than just using the 1953 model to estimate the 1959 coefficients. 

Barker (1975) argues that the tests conducted by- Paelinick and Waelbroeck 

(1963) should not be taken too seriously. He points out that the Belgian 

models were constructed from secondary data and were based in part upon 

the previous models. Barker feels that it is possible that the 1959 

model was biased by the existence of the earlier 1953 model. This seems 

reasonable from looking at Table 2; almost 94 percent of the direct co- 

efficients changed less than .01 units in the six years between models. 

Paelinick and Waelbroeck (.1963) acknowledge that the data they were using 

was of unknown quality, further supporting Barker's (1975) argument. 

Later tests of the RAS updating technique by Schneider (.1965), 

Hentry (1973)., Allen (1974), Malizia and Bond (1974), and Allen and 

LeComber Q.975). produced conflicting conclusions. This may be due to the 
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lack of statistical techniques available to test this updating method 

adequately when only one degree of freedom exists. Though tests of the 

RAS method produced differing conclusions a general pattern of results 

occurred throughout all these tests; the RAS method did improve the ori- 

ginal outdated coefficients. The question of interpretation is how much 

improvement is significant? Schnieder concluded that the RAS technique 

improved the original model so much that tfie updated model introduced 

comparatively little distortion when compared to the actual model. Allen 

felt that the RAS method could often produce useful reductions in errors; 

of course, the judgment of what is a "useful reduction" could vary among 

economists.  In fact, Almon found that the RAS produced unacceptable 

errors in his work. Almon discontinued using the RAS technique on his 

projection of the 1980 American economy; he felt that this technique dis- 

torted smaller coefficients. 

The work of Malizia and Bond is especially relevant to this study; 

theirs was the only test of the RAS on a regional model. They updated 

the 1963 Washington State model to approximate the 1967 state model. 

Theix conclusions were "that the RAS method, used without exogenous 

information on interindustry flows for the projected year, is not powerful 

enough to generate satisfactory forecasts of interindustry coefficients". 

A table of results from Malizia and Bond (.1974) is presented in Table 3. 

They used the relative difference between the updated coefficients and 

the actual coefficients as a measure of error. The relative difference 

was calculated as: 

I a. . * - a,. | 

a. . 

where 
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a..* = the updated coefficient from the i  row and j  column 

a.. = the actual coefficient from the i  row and i  column. 

Though these results were presented in terms of relative difference while 

the Belgian test measured absolute difference, it does appear that Malizia 

and Bond found larger errors in their update than did Paelinick and 

Waelbroeck (1963).  In Malizia's and Bond's results, 37 percent of the 

updated Washington coefficients were more than 100 percent in error. Only 

14 percent of the updated coefficients were within ten percent of their 

corresponding actual coefficient, and only 41 percent of the updated co- 

efficients were within 50 percent of the actual. Malizia and Bond felt 

that the RAS technique produced large and unsystematic errors; they could 

not recommend its use to update or project regional input-output models. 

Table 3. Distribution of Errors in Updating the 1963 Washington Input- 
Output Model. 

Range of Errors RAS Update 

0 - 10% 140 

11 - 20% 67 

21 - 30% 69 

31 - :40% 79 

41 - 50% 59 

51 - 60% 67 

• 61 - 70% 49 

71 - 80% 46 

81 - 90% 31 

91 - 100% 29 

100% + 381 
1,017 

SOURCE: Malizia and Bond C1974r! 
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The Modified RAS Method 

The lack of clear-cut empirical success for the RAS technique led 

some researchers to attempt to improve the RAS method by modifying it. 

Paelinick and Waelbroeck (.1963)  were the first to modify the RAS up- 

dating technique. Subsequent modifications have followed their general 

pattern. Even though they were satisfied with the RAS update of the 1953 

Belgian model, they hypothesized that they could improve their update by 

pre-specifying certain troublesome coefficients within the model. The 

general form of their technique can be expressed by modifying the first 

of the RAS equations. The modified first RAS equation is: 

ACD - <r> IAC0) - CJ <s> + C 

where 

C = a matrix of pre-specified coefficients 

The other two RAS equations remain the same. When Paelinick and Waelbroeck 

(1963) pre-specified just six coefficients they were able to eliminate all 

but one error greater than .01 units; this substantially improved their 

update. The results of the modified RAS update for the 1953 Belgian model 

are shown in Table 4. 

Table 4. Distribution of Errors in Updating the 1953 Belgian Input-Output 
Model Using the Modified RAS Method. 

Range of Errors Modified RAS 

.0100+ 1 

.007 - .0099 4 

.004 - .0069 15 

.001 - .0039 121 

0 - .0009 129 
270 
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Henry,(1973), Allen 0-974), and Bullard and Sebald C1977) have all 

used similar modified RAS techniques and all have shown improvement in 

the updated coefficients. Allen's conclusions were representative. He 

stated that "substantially improved results were obtained when relatively 

small amounts of additional information about major coefficients was 

introduced". Bullard and Sebald reported substantial reduction in co- 

efficient errors when the most important two percent of the coefficients 

were pre-specified. Stone (.1970) recognized that the RAS method could be 

improved by pre-specifying certain coefficients. Stone stated that the 

RAS method "gives good results only if certain elements, which do not fit 

in with the assumption of uniform row and column multipliers, are treated 

separately". 

The case for the modified RAS method is not unanimous, Miernyk (1975) 

tested both the RAS and the modified RAS methods. Miernyk concluded that 

neither method was adequate for updating national models. He updated the 

1963 U.S. input-output model to approximate the 1967 model. He reported 

that the mean relative difference between the actual and updated coeffi- 

cients for the simple RAS update was 127 percent (with a standard devia- 

tion of 691 percent). When nine sectors were pre-specified the mean rela- 

tive difference actually increased to 131 percent (standard deviation; 

719. percent), When 14 sectors were pre-specified the mean relative 

difference fell slightly to 126 percent (standard deviation; 671 percent). 

Miernyk stated that he was "convinced that the RAS method should not be 

used to project coefficients if the projections are to be used for serious 

analytical work". 
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CHAPTER III 

METHODOLOGY 

Introduction 

The general purpose of this study is to examine the practicality of 

updating regional input-output models.  As such, the general hypothesis 

is that the updated direct coefficients are the same as the actual direct 

coefficients for the year of interest.  The alternative hypothesis is 

that updated coefficients do not equal the actual.  In order to test this 

general set of hypotheses, two reliable input-output models are needed; 

the original model which will be updated and the later model used as a 

standard to judge the updating procedure. Tests of the RAS and modified 

RAS techniques have already been discussed in chapter two.  Only one of 

these tests was for a regional model. Malizia and Bond (19743 tested the 

RAS method using the two Washington State models, though they did not 

test the modified RAS method nor did they test how well the original model 

approximated the later model.  This study will test these updating tech- 

niques on a much smaller region, Clatsop County, Oregon.  This study first 

sees how well the original model approximates the subsequent model; it 

tests the accuracy of the original model after a period of time has elapsed. 

Next, both the RAS and three modifications of the RAS method are tested. 

The updating techniques are applied to the original model to see if the 

adjusted coefficients can do a good job of approximating the actual co- 

efficients. 

The Two Clatsop County Models 

The first Clatsop County input-output model was constructed by Collin 

C1970) to describe the 1968 Clatsop economy.  The subsequent model for 
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Clatsop County was constructed by Carroll and Stoevener (1978) for the 

1977 Clatsop economy. The two models were constructed in very similar 

ways and were easily adapted for comparison. 

The 1968 model contained 32 sectors, 28 of which were sectors en- 

dogenous to the Clatsop economy. The 1977 model contained 31 sectors, 26 

of which were endogenous. Table 5 presents a summary of sectors used in 

each study. A full listing of these sectors, along with examples of the 

types of firms within each sector, is provided in Appendix 1 and 2. 

The structure of the two Clatsop County models are somewhat different, 

as is evident from Table 5. The 1968 model focused on the government 

sectors within the county.  It used five sectors for the county government 

and six sectors for the six communities in the county. The 1977 model 

examined neither the county nor city governments as extensively, though 

the 1977 model did expand the commercial fishing sector to four sectors 

and the fish processing sector to two sectors. The 1977 model also used 

an expanded lumber sector and broke the communications and transportation 

sector into two sectors. Two other differences between the models should 

be noted; the 1977 model included the household and a proportion of state 

and federal agencies as endogenous sectors of the Clatsop economy.  The 

1968 model treated these two sectors as exogenous. These differences in 

the models are attributed largely to the different objectives of each 

model. 

The sectors for each model were adjusted to facilitate the comparison 

of the models and the updating techniques. Only a few simple adjustments 

were necessary. The sectors used in this study are shown in Table 6. The 

first column contains the sectors developed for this study; the second 

column shows which 1968 sectors are contained in each adjusted sector; and 

column three shows which 1977 sectors are contained in each adjusted sector. 
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Table 5. Sectors Used in the 19.68 and 1977 Clatsop County Input-Output 
Models. 

1968 1977 

Endogenous Sectors Endogenous Sectors 

1. Lumber 
2. Commercial Fishing 
3. Fish Processing 
4. Agriculture 
5. Manufacturing 
6. Lodging 
7. Cafes and Taverns 
8. Service Stations 
9. Automotive 

10. Communications § Transportation 
11. Professional 
12. Financial 
13. Construction 
14. Products 
15. Services 
16. Education 
17. County Roads 
18. Law Enforcement 
19. Health Department 
20. Welfare Department 
21. Port Authority 
22. General County Fund 
23. City of Astoria 
24. City of Warrenton 
25. Township of Hammond 
26. City of Gearhart 
27. City of Seaside 
28. City of Cannon Beach. 

1. Logging 
2. Wood Processing 
3. Gillnet Fishermen 
4. Troll Fishermen 
5. Combination Fishermen 
6. Other Fishermen 
7. Salmon Processing 
8. Other Fish Processing 
9. Agriculture 

10. Manufacturing 
11. Lodging 
12. Cafes and Taverns 
13. Service Stations 
14. Automotive 
15. Transportation 
16. Communications 
17. Professional 
18. Financial 
19. Construction 
20. Products 
21. Services 
22. Education 
23. County Government 
24. City Government 
25. Households 
26. Federal and State Agencies 

within the County 

Exogenous Sectors Exogenous Sectors 

29.. Households 
30. Other Governments 
31. Imports 
32. Depreciation and Inventory 

27. Other Governments 
28. Businesses outside the County 
29. Households outside the County 
30. Inventory 
31. Depreciation 
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Table 6. Sector Adjustments Necessary to Make the 1968 and 1977 Clatsop 
County Models Comparable. 

Sectors for this Study 1968 Sectors 1977 Sectors 

Endogenous Sectors 

1. Lumber 

2. Commercial Fishing 

3. Fish Processing 

4. Agriculture 

5. Manufacturing 

6. Lodging 

7. Cafes § Taverns 

8. Service Stations 

9. Automotive 

10. Communications § 
Transportation 

11. Professional 

12. Financial 

13. Construction 

14. Products 

15. Services 

16. Education 

17. County Government 

1. Lumber 

2. Commercial Fishing 

3. Fish Processing 

4. Agriculture 

5. Manufacturing 

6. Lodging 

7. Cafes § Taverns 

8. Service Stations 

9. Automotive 

10. Communication § 
Transportation 

11. Professional 

12. Financial 

13. Construction 

14. Products 

15. Services 

16. Education 

17. County Roads 
18. Law Enforcement 
19. Health Department 
20. Welfare Department 
21. General County Fund 

1. Logging 
2. Wood Processing 

3. Gillnet Fishermen 
4. Troll Fishermen 
5. Combination 

Fishermen 
6. Other Fishermen 

7. Salmon Processing 
8. Other Fish Pro- 

cessing 

9. Agriculture 

10. Manufacturing 

11. Lodging 

12. Cafes f* Taverns 

13. Service Stations 

14. Automotive 

15. Transportation 
16. Communications 

17. Professional 

18. Financial 

19. Construction 

20. Products 

21. Services 

22. Education 

23. County Government 
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Table 6. Sector Adjustments Necessary to Make the 1968 and 1977 Clatsop 
County Models Comparable Ccontinued). 

Sectors for this Study 1968 Sectors 1977 Sectors 

18. City Government 

19. Households 

22. City of Astoria 
23. City of Warrenton 
24. Township of Hammond 
25. City of Gearhart 
26. City of Seaside 
27. City of Cannon Beach 

28. Households 

24. City Government 

25. Households 

Exogenous Sectors 

20. Exogenous 29. Other Governments 26. Federal and State 
30. Imports Agencies within 
31. Depreciation § the County 

Inventory 27. Other governments 
28. Businesses outside 

the County 
29. Households outside 

the County 
30. Inventory 
31. Depreciation 
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The two Clatsop County models were developed in very similar ways. 

Both models were constructed from primary data collected by personal inter- 

views from a sample of Clatsop County firms.  In both studies a full 

listing of county firms was developed; from each list firms were selected 

randomly for the survey. Both surveys used a weighted and stratified pro- 

cedure to select the firms to be interviewed. The firms were stratified 

by sector. Collin 0.970) used knowledge from local residents to identify 

and weight the firms as to size within the county. His weighting system 

was designed to ensure that the larger firms had a proportionally higher 

chance of being selected for th.e survey. With this same objective, 

Carroll and Stoevener (.1978) developed a weighting scheme utilizing State 

Department of Labor information to identify the size of the Clatsop County 

firms. 

The 1968 survey selected.435 firms, the 1977 survey selected 437 

firms. Sampling results for the 1968 model are presented in Table 7, for 

the 1977 model in Table 8. Collin C1970) successfully interviewed 72 per- 

cent of the firms selected in his survey; Carroll and Stoevener C1978) 

successfully interviewed 67 percent of the selected firms. As an indica- 

tion of the advantage of using weights in the sampling procedure, the 

1968 study interviewed 17 percent of the firms in the county, these firms 

accounted for 54 percent of the county's gross business sales. The 1977 

study interviewed 15 percent of the firms in the county, these firms 

accounted for 62 percent of the county's gross business sales. 

Using the adjusted sector definitions from Table 6, transactions 

tables for the two models were developed from the original data. Each 

model contained 19 endogenous sectors and one exogenous sector. The 

direct coefficients for both models were calculated from the adjusted 



Table 7. Sampling and Success Rate for the 1968 Clatspp County Inputr-Qutput Model by Firm Size. 

Relative 
firm size 

Number of 
firms 

in county 
Sampling 
rate 

Sample 
size 

Number of 
firms 

interviewed 

Percentage of 
successful 
interviews 

6 100% 6 6 100.0% 

217 50% 111 84 75.7% 

1,595 20% 318 220 69.2% 

Large 

Average 

Small 

TOTAL 1,818 24? 435 310 71.73 

SOURCE:    Collin C1970). 

■P>. 
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Table 8.  Distribution by Sector of Number of Pirns and Employment in CLatsop County and in Sample, 1977. 

1 2 3 4 s 6 12 

Interviews Completed Number of Employees 

Percent of 

No.   of Firms in Percent of 
Firms with 
completed 

employment 
in inter- Expansion 

Sector firms sample Number all  firms All firms interviews viewed firms factor 

Logging SO 25 11 22.0 609 399 65.S 1.5074 

Wood processing 12 7 S 41.7 1.483 1,107 74.7 1.340 

ClUnetter 19S 20 s 4.1 N.A. N.A. N.A. 24.37S0 

Troilers 72 20 7 9.7 N.A. N.A. N.A. 10.2857 

Coabinacion fishennen 96 12 S 8.3 N.A. N.A. N.A. 12.0 

Other fishenaen SS 12 4 7.3 N.A. N.A. N.A. 13.750 

Salmon processing (10 (14) (9) (64.3) (688) (591) 85.9 1.1641 

Other fish processing 16 16 10 62.S 721 619 85.9 1.1648 

Agriculture 74 IS 11 14.9 N.A. N.A. N.A. 6.7273 

tenufacturing 20 14 13 65.0 2S7 159 61.9 1.6164 

Lodging 111 20 14 12.6 253 77 30.8 3.2436 

Restaurants 120 26 20 16.7 870 466 S3.6 1.8670 

Service stations 62 14 12 19.4 128 34 26.6 3.7647 

Autoaotive 60 12 10 16.7 221 93 42.1 2.3763 

Transportation 52 IS 7 13.S 443 189 42.7 2.3429 

Coaaunication 14 6 4 28.6 217 103 27.4 2.1063 

Professional 82 20 17 20.7 644 467 72.5 1.3790 

Financial 22 6 5 22.7 169 95 56.2 1.7789 

Construction IIS SO 19 16.S 350 97 27.7 3.6082 

Retail 9 wholesale 
products 

3S6 SO 36 10.1 1,258 401 31.9 3.1372 

Retail services 344 SO 32 9.3 874 282 32.3 3.0993 

Education IS 10 9 60.0 1.07S 1,038 96.6 1,0356 

County government 1 1 1 100.0 170 170 100.0 1.0 

City governments 6 6 6 100.0 243 243 100.0 1.0 

Federal & State 
government 28 16 14 SO.O S66 466 82.3 1.2146 

1,973 437 292 14. a\ 10,SSI- 6,505 61. 7\ 

* Total employment does not include employment in the four fishing sectors and the agricultural sector.  These figures were 
not available.  Fisheries employment is estimated to be 1,000 workers and agricultural employment is estimated to be 132 
workers. This would imply a total employment of 11,733. 

"The salmon processing sector contains M firms that are also part of the Other Fish Processing sector. Therefore firm, 
response, and employment information overlap between these two sectors. 

SOURCE: Carroll and Stoevener (1978). 
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transactions tables. The new 1968 matrix of direct coefficients is pre- 

sented in Table 9, henceforth denoted as AC.68). The new 1977 matrix of 

direct coefficients is presented in Table 10, henceforth denoted as AC77). 

These matrices, AC68) and AC77), are used throughout the rest of this 

study; the various updating techniques are applied to AC68) to see how 

well they approximate AC.77) . 

Criteria for Testing 

In order to judge how well the updating techniques do, it is necessary 

to set some standards. Statistical standards are not practical since 

AC68) and AC77) constitute only two observations; any formal test of an 

updating procedure would have at most only one degree of freedom. With 

such limited data it is not feasible to test any hypothesis concerning 

differences between an updated AC.68) and A(77).  Instead, simple statistics 

have been developed for testing the updating procedures. Some of these 

test statistics have been used to test updating techniques. Others have 

been used to test how well national input-output models approximate re- 

gional models. 

The set of actual 1977 direct coefficients are used as a standard to 

judge how close the updating techniques come to approximating the 1977 

Clatsop economy. This use assumes that the matrix of direct coefficients 

in the 1977 model accurately represents the economic structure of Clatsop 

County for the year 1977. Because the 1977 model was constructed using 

standard sampling practices, this assumption is reasonable, though it 

is possible that it is wrong. The same is true of the 1968 model, which 

is also assumed to accurately describe the Clatsop economy of 1968. 

Either model could be inaccurate. Since both models were constructed 
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from information collected from only a proportion of businesses in the 

county, it is likely that sampling errors occurred.  In addition, it is 

also possible that the information collected was biased in some way. 

Financial information is often considered private information. Firms may 

have biased the information they supplied because their money matters are 

a sensitive subject. There is no way of knowing whether either model was 

biased, or if so how much? However it is important to remember that such 

a possibility exists. 

Earlier, a.. was defined as the actual coefficient for the ij 

element of the direct coefficients and a..* was defined as the updated 

direct coefficient. These two coefficients are used to define the statis- 

tical tests used in this study. There are seven test statistics dis- 

cussed in this section:  (1). absolute difference, C2) relative difference, 

G3) index of relative change, OQ index of similarity, (.5). chi-squared, 

C6). information content, and (7) regression analysis. Each of these tests 

measures the differences between the actual and updated coefficients, 

though none of these tests can identify whether a difference is significant 

or not. 

Absolute difference is simply defined as: 

la.. - a..*l 

a straightforward comparison of how close the updated coefficient comes 

to the actual coefficient. Paelinick and Waelbroeck (1963) use absolute 

difference in testing their update of the 1953 Belgian model. The absolute 

difference is calculated for each non-zero coefficient in the matrix of 

direct coefficients, or it can be summarized by calculating its mean or 

median values. 
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Relative difference is the absolute difference divided by the actual 

coefficient; this test measures the relative difference between the up- 

dated and actual coefficient. The relative difference is defined as: 

a. . - a..* 
1 13    1J ' 

a. . 

Malizia and Bond (1974) used the relative difference measure to test an 

RAS update of the 1963 Washington State model. The results of the rela- 

tive difference can be presented as either a percentage or as a propor- 

tion, and the difference can also be summarized by its:mean or median. 

The index of relative change is similar in concept to the relative 

difference measure. Mathematically the index of relative change (RC.) 

is defined as: 

|a.. - a..*| 
or  =   iJ   13 

ij  l/2Ca..+a..*J 
ij  iJ 

Isard and Romanoff (.1968) attribute the development of the index of rela- 

tive change to Leontief. This index was developed to overcome a problem 

with the relative difference measure; the relative difference gives very 

large results when the actual coefficient is very small. This can cause 

a skewed distribution among the relative differences of a matrix and pro- 

duce misleading results. The index of relative change avoids this problem 

by using the average of the two coefficients as the denominator. However 

the results derived from using this index are not as meaningful as per- 

centages or proportions. Furthermore, this index is inconvenient because 

it ranges in value from zero to two, often causing confusion. 

The index of similarity was developed by Isard and Romanoff (1968) 

as a modification of the index of relative change. Mathematically the 
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index of similarity (_S. .} is defined as: 

a. . - a. .* 
S.. = i . J_U uJ 
ij      a %. + a. . * 

The advantage of this index is that it only ranges in value from zero to 

one, giving its results a little more meaning. 

Chi-squared was used by Schaffer and Chu (1969) to test the use of 

modified national coefficients for regional models. Chi-squared values 

are calculated for each column of the matrix by: 

I    Ca. . - a..*)2 

J  1=1    IJ 

These values are used to identify those sectors in which statistically 

significant estimates of the coefficients are obtained. A problem asso- 

ciated with the chi-square is that it is undefined when a.. = 0 and 

a.. > 0, and the chi-square distribution is poorly defined if either co- 

efficient is less than five. When the coefficients are expressed as pro- 

portions Gas they usually are) then all the coefficients are less than 

five. Schaffer and Chu 0-969) attempted to avoid this problem by ex- 

pressing the coefficients as percentages. Still there is no guarantee that 

all the percentages will be greater than five percent. The results of 

the chi-squared tests are often not defined for every column. 

The information content statistic was adapted from information theory 

work by Czaraanski and Malizia (1969) to test modified national coefficients 

as estimators for regional coefficients. The actual coefficients are con- 

sidered as forecasters of the estimated coefficient; the additional infor- 

mation contained in the estimate is represented as: 

ICA*:A) = Z^la^* log2 Ca^-Va^) | 



50 

where 

A* = the matrix of updated coefficients 

A = the matrix of actual coefficients 

The lower the value of ICA*:A) is the better the estimate. The calcula- 

tion of the information content statistic is also undefined when the 

actual coefficient is zero and the updated coefficient is greater than 

zero. Since the information content is calculated for the entire matrix, 

not just for individual columns, this shortcoming is even more critical. 

Regression analysis has also been used to test how well national co- 

efficients approximate regional coefficients. Schaffer and Chu QL969) 

adapted regression analysis to test input-output coefficients. They de- 

fined the actual coefficients as the dependent variables and the updated 

coefficients as the independent variables. Each column of the actual 

matrix is treated as a function of the corresponding column of updated 

coefficients: 

I I 
a  = fCa..*)   and   E a.. = fC E a,,*) 
1J     :, i=l J    i=l 1J 

The closer the updated coefficients are to the actual coefficients:  (1) the 

closer the regression equation will come to having a slope equal to one 

Ca slope of one implies a.. = a. * for all the entries of the column), and 

C2) the better will be the fit of the regression equation, meaning the 

coefficient of determination will approach one also. By testing each 

column for its slope this test identifies these columns which are 

good approximators of the actual column of coefficients. 

Of the seven test statistics available, this study uses four: the 

absolute difference, the relative difference, the index of similarity, 

and the regression analysis. 
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The index of relative change is not used since the index of similarity 

provides the same information. The information content statistic is not 

used because its computations are undefined when a.. =0 and a..* > 0. 

The chi-squared also shares this limitation, and is ill-defined in many 

other cases. The regression analysis provides a better look at the same 

information. 

Updating Techniques to be Tested 

In the last chapter, seven updating techniques were identified and 

discussed; not all seven methods can be tested. Four of these techniques 

rely to a large extent upon research team judgment. Because human judg- 

ment varies, these methods are difficult to test.  It is hard to separate 

the effects of the judgment from the resutls of the test, since judgment 

can not be replicated. The methods that rely upon too much judgment for 

testing purposes are: Tiebout's (1969) technique, the "best practices 

firms" method used by Miemyk 0-970), the technique using detailed price 

and value adjustments described by Vaccarra (1969), and the ex-ante method 

proposed by Fisher and Chilton (1972). 

The statistical correction method used by Tilanus (1966) avoids the 

problem of non-relication due to human judgment, since Tilanus updated 

the extrapolating from previous models. However, Tilanus used 13 previous 

models, and Clatsop County has only two models (for testing purposes, 

though, the second model cannot he used for extrapolation since it is the 

standard for testing the updating techniques). Hence, Clatsop County does 

not have enough, data to use Tilanus' method.  In addition. Barker ^1975) 

argued that this method did not produce adequate results. For these 

reasons the statistical correction method is not tested in this study. 
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The methods that are tested are the RAS method and the .modified RAS 

method. Three of the reasons these methods were chosen for testing is 

that:  (I) they are presently the most popular updating techniques, 

(.2) when adequate secondary data are available for estimating the control 

values, these techniques minimize the need for human judgment and, there- 

fore, can be replicated, and C3) computer programs exist to facilitate 

testing. 

Modifying the RAS Method 

The application of the modified RAS method requires that certain co- 

efficients be pre-specified before the others are mechanically adjusted 

by th.e RAS equations.  Generally, this method tries to identify the co- 

efficients which have changed the most over time or the coefficients 

that violate the RAS assumption of even change over time. When potentially 

troublesome coefficients are identified, then an effort is made to collect 

information with which to pre-specify the coefficient. This may involve 

using available secondary data or collecting necessary primary data. The 

choice of which coefficients should he pre-specified can be a very diffi- 

cult one. Here is one place where human judgment does play a big part 

in the RAS updating jnethod. This part of the update is not easily re- 

plicated and introduces another limitation into this study. 

In regional input-output models, such as the Clatsop County models, 

there are often only a few types of inputs that are likely to change much 

in absolute terms. This is because smaller economies depend upon outside 

economies for much of the materials and services they use. The regional 

economy supplies only a few basic inputs for production, such as raw 

materials and labor, Clatsop County follows this pattern.  In 1968, ten 
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of the 19 sectors imported over 50 percent of their purchases. The im- 

port coefficient was the single largest coefficient for 14 of the 19 

sectors. The household sector (labor) was the largest coefficient for 

four of the sectors. By 1977 a slight decline in the importing pattern 

had occurred, though seven of the 19 sectors were still importing over 

50 percent of their inputs. Twelve of the 19 sectors showed the import 

coefficient to be their largest coefficient. Household was the largest 

in six other sectors. For the entire Clatsop economy, imports and labor 

were the two most important inputs; for 12 sectors in 1968 they accounted 

for 75 percent or more of the purchases, in 1977 they accounted for 

75 percent or more of the purchases for 11 sectors.  It appears in small 

regions like Clatsop County that the local businesses are not able to 

find much available within the region. The largest locally purchased 

input is usually labor. When other endogenous sectors account for 

significant inputs, they generally fall into one of three categories. 

Either they are purchases of:  (1) raw materials, such as logs or fish; 

(21 wholesale or retail products; or (3) goods and services within the 

same sector, such as the sector intra-action between contractors and sub- 

contractors . 

This dependence of small economies upon imports has been observed 

in other regional models throughout Oregon.  In addition, the primary 

locally purchased inputs in these other studies have also been labor, 

raw materials, products and sector intra-actions.  In a study of Klamath 

County, Oregon, Reiling (1971) found that imports and labor accounted 

for over 50 percent of the inputs purchased for 15 of the 17 sectors. 

In Douglas County, Oregon, these two sectors supplied 26 of the 34 

sectors with over half their inputs CY^tmans, et.al., 1973)..  Ives (1977) 
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reported that 22 of the 24 sectors in his Tillamook County, Oregon, model 

spent over half of their expenditures on imports and labor. Finally, in 

Grant County, Oregon, Miller 0-980) found that these two sectors accounted 

for over 50 percent of the purchases for 17 of the 22 sectors. 

This information on the structure of small economies can be used to 

determine which direct coefficients should he pre-specified in a modified 

RAS update of a small region. Specifically, this study assumes that the 

coefficients that are most likely to change the most over time are the 

coefficients that account for labor, raw materials, products and sector 

intra-actions. These are the products usually supplied by the local 

economy. The other endogenous sectors usually supply very little, and 

the rest is imported. This study tests three separate modifications. 

The first modification pre-specifies the complete row of household co- 

efficients and thus aids the update by supplying a complete set of 

accurate labor coefficients. The second modification pre-specifies a 

selected set of coefficients throughout the matrix, focusing on coeffi- 

cients that represent important raw materials, large wholesale or retail 

sales, and active sector intra-actions. The third modification combines 

the first two modifications. The information necessary to make these 

modifications is available from the 1977 Clatsop County model.  In a 

real world update this information would not be so readily available. 

Some effort would be required to gather this information from secondary 

sources or to collect primary information directly. The costs of accur- 

ately pre-rspecifying would vary with the region, few regions have adequate 

sources of secondary data. 
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A Limitation 

As stated in chapter two, both the RAS and modified RAS updating 

techniques mathematically adjust the original matrix of direct coeffi- 

cients, such as AC68), to conform with total sector outputs (ql. inter- 

mediate sector outputs ("), and intermediate sector inputs (y) f°r the 

update year. For the update to be accurate, the estimates of q, u, and 

v need to be accurate.  In this study it is assumed that good estimates 

do exist; in fact, the values for q, u, and v are taken from the 1977 

Clatsop County model constructed by Carroll and Stoevener G978)• This 

constitutes testing the RAS and modified RAS updates under the most 

favorable of conditions.  It should be remembered that Watanabe and Shishido 

(19701 felt that obtaining good estimates of these control values was the 

most difficult part of their RAS update. Testing the RAS methods with 

perfect values of q, u, and v gives more favorable results than would 

normally be expected.  If one of the RAS updates appears inadequate under 

these favorable conditions, then logically it would be inadequate under 

all conditions.  If one of the RAS updates appears successful with per- 

fect estimates of the control values, the success is not definitive. 

Further questions need to be answered such as:  (1) how often are accur- 

ate estimates of q, u, and v available; (2)  how much error will the RAS 

methods tolerate in these estimates; and (3)  how can these estimates best 

be gathered? The estimates of these control values appear to be another 

weak link in the RAS updating technique. More needs to be known about 

developing these estimates. 

Summary 

The general hypothesis of this study is that the updated matrix of 

coefficients for the 1968 Clatsop County input-output model equals the 
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actual direct coefficients for the 1977 Clatsop jnodel. The RAS and 

modified RAS updating: techniques are tested .  The modified RAS update 

will use three modifications:  CQ pre-specifying the household coeffi- 

cients; C2) pre-specifying selected coefficients, focusing on raw materials, 

products and sector intra-actions; and (3) combining the first two modi- 

fications. 

The updated coefficients are compared to the actual 1977 coefficients. 

To judge how well the updated coefficients estimate the actuals, four 

statistical tests are used:  (1) absolute difference, CZ) relative dif- 

ference, C3} the index of similarity, and C4) regression analysis. 
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CHAPTER IV 

RESULTS 

RAS Updates 

To update the 1968 model using either the RAS or one of the modified 

RAS techniques, a computer program entitled "NEWPLOW1' was used. This 

program was provided by Wilkins 0979) of the Bonneville Power Admini- 

stration. Given the 1968 Clatsop County transactions table, NEWFLOW ad- 

justed the entries to conform with 1977 control values for Clatsop County. 

First the program adjusted the 1968 entries rowr-wise to conform with 1977 

intermediate and total sales for the county. Then the program readjusted 

the entries, this time column-wise to conform with 1977 intermediate and 

total purchases in the county. After the entires had been adjusted to 

conform with the column controls, it was very likely that they no longer 

conformed to the row controls, so the entires are again adjusted row-wise. 

It was likely now, however, that the entries did not conform to the column 

controls, so the entires are again adjusted column-wise. With each step 

of this iteration process the NEWFLOW programs attempted to produce entires 

that satisfied both the row and column control values. The more itera- 

tions, the closer the entries may be expected to come to satisfying both 

sets of controls, though it is possible that the entries may never be 

adjusted to satisfy all the control values exactly. The program allowed 

an upper limit to be specified for the differences between the row and 

column suras and the control values. 

In this study, the upper limit of error in the NEWFLOW program was 

specified at one percent. This meant that all of the column in the up- 
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dated transactions table were required to sum to within one percent of 

the control values for each, column. At the same time the row sums for 

all of the entries in the updated transactions table were required to sum 

within one percent of their control values. Table 11 presents a. summary 

of the adjustment errors for the RAS and three modified RAS updating 

techniques using the NEWFLOW program. 

The four updated transactions tables were used to calculate a table 

of direct coefficients for each of the four updating techniques. These 

tables are presented as Tables 12 through 15. The coefficients that are 

underlined in Tables 13, 14, and 15 are the ones that were pre-specified 

in using the modified RAS technique. The test results presented in this 

chapter were derived from comparing the coefficients in Tables 12 through 

15 with the 1977 direct coefficients from Table 10.  In addition, the 

original 1968 coefficients from Table 9 were also compared to the 1977 

coefficients. 

All the models were constructed with 19 sectors, and each table of 

direct coefficients had 361 elements. When any of the other tables was 

compared to the table of 1977 coefficients only the non-zero coefficients 

were used in calculating the test statistics. Approximately 70 entries 

in the tables were zero coefficients for both the 1977 model and the 1968 

model and its updates. The NEWFLOW program perserved zero values, but 

some of the updated models contained more zero values than the original 

model because of rounding errors. 

Another 231 entries in the tables were non-zero coefficients for all 

models. Approximately 60 entries were either zero in an updated model 

and not zero in the actually 1977 model or vice versa. There were 50 

cases where a., .0.977) > 0, but a.,. 0-968) = 0, and ten cases where 



Table 11. Adjustment Errors in Updating the 1968 Clatsop County Transactions Table Using NEWFLOW. 

Updating 
Techniques 

Number of 
Iterations 

Rows Columns 

Mean Error Std. Dev. Mean Error Std. Dev. 

.175% .295% .153% .176% 

.047% .270% .004% .161% 

.721% .047% .525% .020% 

.824% .018% .816% .009% 

RAS 

Modification 1 

Modification 2 

Modification 3 

15 

7 

12 

8 

ID 



Table  12. Estimates of the .1977 Direct Cpeffi Lcients. Derived from.-the -RAS.Undating Tech nique.    .       _.  .   

Luaber 
Coaaercjiil 

Fishing 
Fish 

Processing Agriculture Kanufactur ing Lodging 

Cafes 
and 

Taverns 
Service 
Stations 

Conounication 
end 

Autoaotive      Transportation Professional FloaaclBl Construction Products Services Education 
County 

Covernaent 
City 

Governoent Households 

Lumber .0678 0 0 0 0 0 0 0 0 .0186 0 0 .0123 0 0 0 0 0 .0008 

Comaereial 
Fishing 

0 .0059 .20SS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0006 

Fish 
Proccsiing 

0 0 .0014 0 .0014 0 0 0 0 .0003 0 .0012 0 .0014 0 0 0 0 .0096 

Ajriculturc 0 0 0 .0004 .0900 0 0 0 0 0 0 0 0 0 0 0 0 0 .0013 

Manufacturing 0 0 .022S 0 0 0 0 "0 0 * 0 0 0 0 .0010 0 0 .0003 .0010 

Unii ing 0 0 0 0 0 _ 0 0 0 0 0 0 .0001 0 0 .0003 0 0 .0003 .0058 

Taverns 
0 0 0 0 0 ' 0 0 0 0 * 0 0 0 0 0 0 0 .0004 .0458 

Service Stations .0064 .0645 0 .0500 .0176 0 0 .0112 .0020 .0100 .0036 0 .0034 .0006 .0026 .0111 .0115 .0068 .0989 

Autosott*e .0007 .0144 .0022 .0029 .0102 .0023 .0002 .0036 .0018 .0046 .0083 .0037 .0072 .0005 .0022 .0069 .0132 .0050 .0775 

Cumciunication & 
TraniportatioD 

.0102 .0169 .0249 .1454 .0492 .0465 .0123 .0104 .0116 .0090 .0095 ..0272 .0064 .0047 .0067 .0027 .0061 .0018 .0262 

Professional .0067 .0165 .0002 .0006 .0003 .0001 .0024 .0004 .0003 .0008 .0031 .0049 .0006 .0002 .0008 .0017 .0490 .0077 .024 1 

Financial .00 IS .0013 .0066 .0189 .0107 .0008 .0004 .0003 .0226 '  .0003 .0004 .0056 .0073 .0008 .0058 0 0 .0001 .0192 

Coniiruction .0004 .0012 .0040 .0052 .0094 .0045 .0662 .0018 .0042 .0140 .0183 .0329 .0790 .0014 .0041 .0251 .0499 .0754 .0550 

Products .0271 .0459 .0243 .2047 .0518 .1001 .1271 .1404 .0242 .0208 • .0357 .0693 .0300 .0237 .0134 .0696 .0415 .0474 .3894 

Services .0016 .0261 .0024 .0166 .0020 .0408 .0192 .0056 .0046 .0007 .0132 .0082 .0037 .0062 .0062 .0057 .0077 .0089 .0527 

EJucation .0196 .005S. .0030 .0247 .0046 .0383 .0068 .0014 .0018 .0342 .0030 .0111 .0040 .0083 .0112 .0141 0 .0011 .0241 

County Covernaent .O0S1 .0011 .0007 .0056 .0010 .0091 .0017 .0002 .0004 .0087 .0008 .0052 .0010 .0020 .0027 0 .0007 0 .0065 

City  Covernaent .0003 0 .002S 0 .0047 .0467 .0067 .0054 .0019 .0052 .0034 .0062 .0011 .0095 .0074 0 0 .0402 .0333 

Households .1171 .4256 .1310 .2296 .0704 .2906 .3660 .1000 .1439 ■ 3110 .4408 .4765 .5018 .1462 .5570 .5960 .5695 .3135 0 

* Coefficient less than .00005, and thus rounded to zero. 

O 



Table 13.  Estimates of the 1977 Direct Coefficients Derived from the First Modification of the RAS Updating Technique. 

Cafes CoaaunlcDtlon 
Conacre la 1 fith and Service and , Count)- City 

Luaber Flihlng       troceising      Agriculture      Hanufncturlng      Lodging      Taverns Stations      Automotive      Transportation;Professional      Financial      Construction      Products     Services    Education      Covemscnt      Covernment      Households 

Lumber .0607 0 0 0 0 0 0 0 0 .0438 0 0 .0315 0 0 0 0 0 .0010 

Cooocrcial 
Fishing 

0 .0097 .2024 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0008 

FUh 
Protiosiiy 

0 0 .0010 0 .0004 0 0 0 0 .0005 0 .oo&s 0 .0020 0 0 0 0 .0094 

Agriculture 0 0 0 .0214 .0614 9 0 0 0 0 0 0 0 0 0 0 0 0 .0035 

ttinufiiciurtng 0 0 .0210 0 0 0 0 0 0 .0001 Q .0 0 0 .0027 0 0 .0005 .0013 

LoJgim; 0 0 0 0 0 0 0 0 0 0 0 • 0 0 .0008 0 0 .0005 .0058 

Taverns 
0 0 0 0 0 0 0 0 0 .0001 0 0 0 0 0 0 0 .0006 .0457 

Service Stations .0045 .0761 0 .0417 .0044 0 0 .0125 .0021 .0184 '.0028 0 .0067 .0008 .0057 .0188 .0242 .0101 .0971 

Autosotive .0005 .oi6a .0015 .0024 .0025 .0025 .0002 .0040 .0019 .0086 .0064 .0009 .0143 .0007 .0047 .0116 .0275 .0073 .0753 

Coacunication ft 
Transportation 

.0078 .0219 .0193 .1332 .0134 .0555 .0127 .0128 .0132 .0179 .0080 .0073 .0140 ■   .0072 .0159 .0051 .0141 .0029 .0281 

Professional .0047 .0198 .0001 .0005 .0001 .0002 .0023 .0005 .0003 .0016 .0024 .0012 .0012 .0003 .0017 .0029 .104 3 .0115 .0240 

Finiiocial .0025 .001S .0048 .0164 .0028 .0009 .0004 .0004 .0242 .0005 .0003 .0014 .0149 .0011 .0129 0 0 .0002 .0194 

Construction .0002 .0012 .0024 .00J7   * .0020 .0042 .0511 .0017 .0037 .0217 .0120 .0068 .1335 .0016 .0076 .0361 .0888 .0941 .0458 

Products .0169 .0541 .0173 .1714 .0129 .1095 .1201 .1574 .0252 .0381 .0276 .0167 .0596 .0332 .0269 .1160 .0869 .0696 .3815 

Services .0011 .0299, .0016 .0137 .0005 .0435 .0177 .0061 .0047 .0012 .0100 .0019 .0072 .0084 .0130 .0094 .0156 .0128 .0503 

Education .0132 .0062 .0020 .0200 .0011 .0405 .0062 .0015 .0018 .0605 .0023 .0026 .0077 .0112 .0234 .0231 0 .0015 .0228 

County Covemacnt .003S .0015 .0005 .0047 .0002 .0099 .0016 .0002 .0004 .0158 .0006 .0013 .0019 .0028 .0058 0 .0014 0 .006 3 

City CovcmBcnt .0002 0 .0017 0 .0011 .0474 .0059 .0057 .0018 .0089 .0024 .0014 .0020 .0123 .0149 0 0 .0548 .0302 

Households .1437 .3664 .1555 .2845 .2204 .2659 .3890 .0780 .1400 .2007 .5754 .7093 .3116 .1237 .4837 .5100 .3863 .24 25 .0236 

* Coefficient less than .00005, and thus rounded to zero. 
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Table 14.  Estimates of the 1977 Direct Coefficients Derived from the Second Modification of the RAS Updating Technique 

Lumber 
Coaaercial 

Fishing 
Fish 

Processing Agriculture Uanufictaring Lodging 

Cafes 
and 

Taverns 
Service 
Stations Automotive 

CoBEunlcatlon 
and 

Transportation Professional Financial Construction Products Services Education 
County 

Covernaent 
City 

Covernaent Households 

Luobcr .07H 0 0 0 0 0 0 0 0 .0077 0 0 .0045 0 0 0 0 0 .0004 

Coaaercial 
Fishinj 

0 .oioa .2020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0012 

Fiih 
Proccisinjj 

0 0 .0012 0 .0013 0 0 0 0 .0003 0 ■.0010 0 .0013 0 0 0 0 .0096 

AjrUuliurc 0 0 0 .0079 .0889 0 0 0 0 0 0 0 0 0 0 0 0 0 .0014 

HJiiufac luring 0 0 .0221 0 0 0 0 0 0 * 0 0 0 b .0009 0 0 .0003 .0011 

Lodgini; 0 0 0 0 0 0 0 0 0 o- 0 .0001 0 0 .0003 0 0 .0003 .0058 

Cafes  & 
Tit v ems 

0 0 0 0 0 0 0 0 0     . • 0 0 0 0 0 0 0 .0004 .0454 

Service Stations .0047 .0469 0 -oars .0135 0 0 .1740 .0014 .0075 .0015 0 .0022 .0004 .0018 .0055 .0083 .0050 .0801 

Autoooiive .0006 .0130 .0020 .0024 .0097 .0021 .0002 .0023 .0016 .0044 .0042 .0033 .0060 .0004 .0019 .0051 .0118 .0046 .0732 

Cossunicatioa 6 
TrjQsportaiion 

.0099 .0163 .0242 .1263 .0500 .0456 .0111 .0072 .0111 .0089 .0051 .b257 .0056 .0045 .0063 .0022 .0058 .0018 .0281 

Professional .0062 .01S3 .0002 .ooos .0003 .0001 .0021 .0003 .0003 .0008 .0016 .004S .0005 .0002 .0007 .0013 .0446 .0072 .0249 

Financial .0033 .0012 .0062 .OJ59 .0105 .0008 .0003 .0002 .0209 .0003 .0002 .0051 .0062 .0007 .0052 0 0 .0001 .0199 

Consiruciion .0003 .0010 .003S .0041 .0087 .0040 .0542 .0011 .0036 .0124           i .0089 .0280 .1168 .0012 .OOJS .0179 .0427 .0659 .0533 

Pro>lucis .0257 .0043 .0232 .2712 .0516 .0962 .1490 .0126 .0227 .0202 -0187 .0632 .0257 .0221 .0122 .0442 .0385 .0450 .AO'Jl 

Services .001S .0241 .0022 .0140 .0019 .0384 .0167 .0037 .0042 .0006 .0068 .0074 .0031 .0056 .0055 .0043 .0070 .0083 .0543 

tUucation .0146 .0041' .0022 .0165 .0036 .0290 .0048 .0007 .0013 .0261 .0012 .0081 .0027 .0061 .0060 .1360 0 .OOOS .0200 

County Covernocnt .0049 .0012 .0007 .0046 .0010 .0089 .0016 .0001 .0004 .0085 .0004 .0048 .0008 .0019 .0025 0 .0006 0 .00b9 

City Cuvcrnacnt .0U03 0 .0024 0 .0046 .0441 .0059 .0036 .0017 .0050 .0018 .0057 .0009 .0087 .0066 0 0 .0375 .0344 

Itouschuldi .1241 .4500 .1398 .2169 .0786 .3126 .3648 .0753 .1509 .3374 .3242 .5970 .4328 .1529 .5683 .5191 .5925 .3337 0 

* Coefficient less than .0000S, and thus rounded to zero. 

ON 



Table  15. Estimates of the 1977 Direct.Coeff icients Derived from the Third Modification of the RAS Updating Technique. 
Cofc. CoraBunicotian 

CooocrcUl 
Luaber          Fishlhg 

Pish 
Processing Agrlcultur* Manufacturing Lodging 

and 
Taverns 

Service 
Stations Autoaotlve 

and 
Transportation Professional Plnanctal Construction Products Services Education 

County 
Governnent 

City 
Governoent Households 

Luabcr -iilll 0 0 0 0 0 0 0 0 .0075 0 0 .0061 0 0 0 0 0 .0002 

Coisncrcial 
Fish tag 0 .0129 .2020 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0010 

Fish 
Proccssinj 0 0 .0010 0 .0004 0 0 0 0 .0006 0 .0003 0 .0020 0 0 0 0 .0094 

Agriculture 0 0 0 .0532 .0629 0 0 0 0 0 0 0 0 0 0 0 0 0 .0030 

HanufaCtoring 0 0 .0209 0 0 0 0 0 0 .0001 0 0 0 0 .0027 0 0 .0005 .0013 

Lo<Ijin£ 0 0 0 0 0 0 0 0 0 0 0 • 0 0 .0027 0 0 .0005 .0057 

Cafes & 
Taverns 0 0 0 0 0 0 0 0 0 .0001 0 0 0 0 0 0 0 .0006 .0453 

Service Staiions .0029 .0631 0 .0597 .0042 0 0 ,1740 .0016 .0171 .0022 0 .0070 .0006 .0045 .0080 .0189 .0077 .0771 

AuiQcocive .0004 .0174 .0015 .0043 .0030 .0021 .0001 .0020 .0019 .0100 1.0062 .0009 .0186 .0006 .0046 .0062 .0267 .0070 .0746 

Coaaunication & 
Transportation .0062 .0225 .0190 .2370 .0158 .0481 .ooas .0062 .0130 .0208 .0077 .0070 .0181 .0069 .0155 .0027 .0136 .0028 .0277 

Professional .0039 .0211 .0001 .0010 .0001 .0001 .0016 .0002 .0003 .0019 .0024 .0012 .0016 .0003 .0017 .0016 .1046 .0114 .0246 

financial .0020 .0016 .0047 .0288 .0032 .0008 .0003 .0002 .0236 .0006 .0003 .0013 .0192 .0011 .0185 0 0 .0002 .0190 

Construction .0002 .0013 .0025 .0072 .0026 .      .0039 .0388 .0009 .0039 .0273 .0126 .0071 .1168 .0017 .0080 .0208 .0931 .0974 .0490 

Products .0160 .0590 .0180 ■2712    " .0161 .1005 .1490 .0126 .0262 .04681 .0282 .0169 .0819 .0339 .0299 .0444 .0891 .0704 .3990 

Services .0009 .0315 .0016 .0249 .0006 .0385 .0122 .0030 .0047 .0014 .0099 .0019 .0095 .0083 .0130 .0051 .0156 .0125 .0508 

bJucatioo .0111 .0068 .0021 .0377 .0014 .0372 .0044 .0008 .0018 .1027 .0023 .0027 .0106 .0115 .0242 .1360 0 .0016 .0239 

County Covemaent .0029 .0016 .ooos .0084 .0003 .0087 .0011 .0001 .0004 .0187 .0006 .0012 .0025 .0027 .0057 0 .0014 0 .0063 

City Covernnent .0002 O .0017 0 .0013 .0419 .0040 .0028 .0018 .0105 .0024 .0014 .0026 .0121 .0148 0 0 .0533 .0304 

Households .1481 .3864 .1555 .2845 .2204 ,.2659 .3890 .0781 .1400 .,2007 .5754 .7093 .3116 .1237 .4837 ,5190 .3863 .2425 ^.one. 

* Coefficient less than .00005, and thus rounded to zero. 
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a..(1977) = Q but a..(1968) > 0. This relationship was approximately the 

same between the 1977 coefficients and the updated coefficients, with 

some variation due to rounding errors. Between 1968 and 1977 economic 

changes occurred in Clatsop County. When the 1977 coefficient was zero 

and the 1968 coefficient was greater than zero, this showed that the 

county lost a business interaction between two sectors. When the 1977 

coefficient was not zero but the corresponding 1968 coefficient was zero, 

this showed the county gaining an interaction between sectors. Between 

1968 and 1977 Clatsop County lost ten sector changes and gained 50. The 

inability of any of the RAS updating techniques to account for these 

changes proved to be a major weakness of this technique. 

Next, the results of testing the updating techniques are presented. 

Absolute Difference 

Absolute difference is calculated as:  la.. - a..*|. When the up- 1 ij   ij ' * 

dated coefficient is a perfect approximator of the actual coefficient, 

the absolute difference equals zero. The larger the absolute difference, 

the larger is the error that the updating technique produced. 

Table 16 presents the frequency distribution for the absolute dif- 

ferences of the four updating techniques and the original 1968 coefficients. 

Examining the 1968 coefficients shows that 37.8 percent of them are in 

error by .01 units or more, while only 19.6 percent of the 1968 coeffi- 

cients are within .0009 units or less of the actual coefficients. Ad- 

justing the original coefficients with the RAS technique produces better 

approximators, and modifying the RAS method improves the approximators 

even more. The RAS coefficients have 30.2 percent of their estimates in 

error by .01 units or more, and 21.3 percent within .0009 units of less. 
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Table 16. Frequency Distribution of Absolute Differences for Updating 
the 1968 Clatsop County Input-Output Model to 1977. 

Range: of 
Errors 

1968 
Coefficients RAS 

Modifications 

1 2 3 

0 - .0009 57 62 88 73 100 

.0010 - .0019 35 38 33 37 31 

.0020 - .0029 29 17 26 25 22 

.0030 - .0039 17 20 17 18 21 

.0040 - .0049 10 20 11 13 15 

.0050 - .0059 8 11 11 14 8 

.0060 - .0069 11 14 14 12 13 

.0070 - .0079. 4 7 7 8 8 

.0080 - .0089 5 12 4 9 6 

.0090 - . 0099 5 2 5 7 5 

.010C 1+ 110 88 74 74 61 
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Coefficients from the third modification produced the smallest errors, 

only 21 percent of the coefficients from this modification are in error 

by .01 units or more, and 34.5 percent are within .0009 units of the 

actual coefficients. 

Another way of looking at the absolute difference for the updating 

techniques is by calculating the mean absolute difference for each tech- 

nique. Table 17 presents these mean values along with their standard 

deviations. The mean absolute different indicates how far off the typical 

updated coefficient is in approximating its corresponding actual coeffi- 

cient. Table 17 shows that the average 1968 coefficient mis-approximated 

its corresponding 1977 coefficient by .0214 units. The typical 1977 co- 

efficient is .0364 units; the 1968 coefficients are not good estimators 

of the 1977 coefficients. The RAS and modified RAS updates do a better 

job of approximating the actual coefficients. The third modification 

again produces the best results; its mean absolute difference is .0087 

units. This represents an improvement of about two and one-half times 

over the 1968 coefficients. 

Table 17. Mean Absolute Differences, Standard Deviation and Median Ab- 
solute Differences. 

Updating 
Techniques 

Mean Absolute 
Differences 

Standard 
Deviation 

Median Absolute 
Differences 

1968 Coefficients .0214 .0484 .0046 

RAS .0150 .0286 .0044 

Modification 1 .0101 .0202 .0028 

Modification 2 .0137 .0306 .0045 

Modification 3 .0087 .0187 .0026 
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Table 17 also presents the median error for the absolute differences. 

As is evident from comparing th.e mean error to the median error, the median 

error is much smaller. This is an indication that the mean error is cal- 

culated from a skewed distribution and that a few large absolute errors 

draw the mean upward. The median absolute difference shows that the third 

modification again produces the least absolute error. It also shows that 

this modification produces approximately half of its errors below .0026 

units. 

Relative Difference 

Relative difference is calculated as:  la.. - a..*l/a... The 

closer an updated coefficient approximates its corresponding actual co- 

efficient, the smaller the relative difference should be.  In the case, 

where the updated coefficient exactly equals the actual, the relative 

difference is zero. The measure of the relative difference is undefined 

when the actual coefficient is zero (a...  = 0). but the absolute difference 

is greater than zero C|a.. - a..*[ > 0). There are approximately ten 

entries for each updating technique that are undefined for the relative 

difference measure. The variation in undefined entries is again due to 

rounding errors. 

The distribution of the relative differences for each updating 

technique is presented in Table 18. All five techniques show a substan- 

tial number of updated coefficients in error of the actual by 100 percent 

or more. This occurs when the absolute difference between an actual co- 

efficient and its approximator is larger than the actual coefficient 

itself. Almost 50 percent of the 1968 coefficients differ from their 

corresponding 19.77 coefficients by at least 100 percent. The other up- 
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Table 18. Frequency Distribution of Relative Differences for Updating 
the 1968 Clatsop County Input-Output Model to 1977. 

Range of 
Error 

1968 
Coefficients RAS 

Modifications 

1 2 3 

00 - 09% 12 19 39 29 44 

10 - 19% 15 23 17 15 16 

20 - 29% 14 14 9 16 6 

30 - 39% 17 17 16 23 21 

40 - 49% 15 12 13 14 16 

50 - 59% 13 14 13 11 11 

60 - 69% 13 22 22 16 19 

70 - 79% : 19 11 6 15 11 

80 - 89% 10 17 12 14 10 

90 - 99% 13 16 17 18 15 

100%+ 137 115 115 107 110 
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dating techniques offer some improvement over the 1968 coefficients. 

Still, the best of them, the second modification, has almost 40 percent 

of its coefficients in error by  at least 100 percent. Conversely, only 

16 percent of the coefficients from the third modification are in less 

than ten percent error. The other updating techniques produce even fewer 

coefficients with less than ten percent error; the 1968 coefficients have 

only four percent of their coefficients that close. 

The mean relative difference, its standard deviation and the median 

relative difference for each updating technique are presented in Table 19. 

The mean relative difference describes how close Cor far! the typical up- 

dated coefficient for each technique comes to approximating the actual 

coefficient (as a. percentage of the actual coefficient). All of the aver- 

age relative differences are substantially greater than 100 percent; the 

largest is over 300 percent. This says that, as approximators of the 

1977 coefficients, the 1968 coefficients generally miss the mark by a 

factor of three. The typical modified RAS coefficient misses by a factor 

of two. 

Table 19. Mean Relative Differences, Standard Deviation and Median Rela- 
tive Differences. 

Updating 
Techniques 

Mean Relative 
Difference 

Standard 
Deviation 

Median Relative 
Difference 

1968 Coefficients 312% 924% 98% 

RAS 227% 680% 86% 

Modification 1 209% 530% 83% 

Modification 2 185% 522% 78% 

Modification 3 204% 552% 75% 
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Also of note is the fact that the standard deviations for the up- 

dating techniques and the original coefficients are all greater than 

their means. This shows that the distribution of relative differences 

is skewed to the right. The fact that the median relative differences 

are all much smaller than the means also shows a skewed distribution. 

These distributions are skewed because the calculation of the relative 

difference is sensitive to very small denominators. When the denominator 

is small OneanjLng when the actual coefficient is small, such as .0001) , 

it does not take a large absolute difference to cause a large relative 

difference. As a quick example; if a.,. = .0001 and a..* = .0006, the 

absolute difference is .0005 while the relative difference is 500 percent. 

Such a large relative difference implies that a major error has occured, 

while the absolute difference indicates just the opposite since the two 

coefficients were only .0005 units apart. The tendency of the relative 

difference calculations to produce large values causes the distribution 

to be skewed towards those large values. As an indication of the large 

relative differences possible, 17 of the relative differences from the 

1968 coefficients exceed 1,000 percent, the largest being 10,800 percent. 

Each, of the updating techniques produced at least ten relative differences 

in excess of 1,000 percent. This, weakness of the measure of relative dif^ 

ference needs to be kept in mind while reviewing these results. 

The measure of median relative difference describes the value that 

divides the distribution. Half of the errors are less than the median; 

the other half are larger than the median. For the RAS coefficients, the 

median relative difference is almost 100 percent, while for the third 

modification the median is 75 percent. Although this indication of error 

is not nearly as large as the mean relative differences the median still 
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indicates that the updating techniques do produce a large number of errors. 

Even for the best technique half of the errors are in excess of 75 percent. 

Index of Similarity 

The index of similarity is another measure of relative difference. 

It is designed to avoid the problems of extreme values that can occur in 

the .measure of relative difference used in the previous section. The in- 

dex of similarity is calculated as: 

a.. - a..* 
1 .   J-J   1J 

a.. + a. .* 

The values of this index range from zero to one. The larger the index, 

the better the updated coefficient approximates the actual coefficient. 

Since this measure uses the sum of both coefficients as its denominator, 

it insures that the numerator will never be larger than the denominator. 

The closer the updated coefficient comes to the actual the smaller the 

numerator is, and thus the larger the index.  In the case where the up- 

dated coefficient equals the actual, the index of similarity equals one. 

Table 20 presents the frequency distribution for the index of 

similarity. The updating techniques show little difference in the per- 

centage of index numbers less than 0.1. The RAS coefficients have the 

fewest coefficients below 0.1 at 24 percent, while the first modification 

has the most at 26 percent. The percentage of index numbers between 0.9 

and 1.0 does vary among the techniques. The third modification has 20 

percent of its indices within this- range, while the 1968 coefficients 

have only ten percent. 

The jnean index of similarity for each updating technique, along with 

each standard deviation, is presented in Table 21. The general trend is 
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Table 20. Frequency Distribution for the Index of Similarity for Updating 
the 1968 Clatsop County Input-Output Model to 1977. 

Modifications 
Range for Index 
of Similarity 

1968 
Coefficients RAS 1 2 3 

1.0 - .9 28 40 53 45 57 

.89 - .8 28 32 18 31 19 

.79 - .7 23 31 32 30 34 

.69 - .6 31 19 27 19 19 

.59 - .5 20 22 22 25 25 

.49 - ,4 27 19 17 20 20 

.39 - .3 27 19 16 13 15 

,29 - .2 14 19 17 16 15 

.19 - .1 19 19 14 18 11 

.09. ,. 0 73 68 74 71 73 

Table 21. Mean Index of Similarity, Standard Deviation and Median Index 
of Similarity. 

Updating 
Techniques 

Mean Index of 
Similarity 

Standard 
Deviation 

Median Index 
of Similarity 

1968 Coefficients .4411 .3329 .45 

RAS .4702 .3494 .51 

Modification 1 .4888 .3618 .54 

Modification 2 .4843 .3571 .53 

Modification 3 .5041 .3686 .55 
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for the average index of similarity value to improve from the 1968 co- 

efficients through the more extensive updating techniques, hut even the 

updating technique with th.e higkest index value, the third modification, 

has an average index value of only aB.out 0.5. This represents an improve- 

ment of approximately .06 units, indicating that there is not yery much 

difference between the updating techniques, as measured by the index of 

similarity. 

Table 21 also presents the median index of similarity for the up- 

dating techniques and the original coefficients. The median indices 

follow the same trend as the mean values. The 1968 coefficients have 

the lowest median index of similarity, while the median improves with, the 

more extensive updates. Still, the median index for even the third 

modifications is not very dlose to a perfect index value of 1.0. Approxi- 

mately half of these indices are below .55. For the other techniques, 

the median is even lower. 

Regression Analysis 

A simple two variable regression analysis can be used to test how 

well the .updated coefficients for each technique approximate the actual 

coefficients from the 1977 model. To do this, each coefficient in a 

column from the 1977 table of direct coefficients is hypothesized to be 

a function of the corresponding coefficient in the updated model. This 

hypothesis is tested for each column. The 19 pairs of observations from 

each column are used to estimate the standard regression equation: 

Y. = b + b. X. 
i   o   1 i 

where 
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Y. = the i  direct coefficient from a column from the 
i 

1977 Clatsop County model 

X.  =  the i  direct coefficient from a column from the 
i 

1968 Clatsop County model or one of its updates. 

If the updated coefficients are to equal the actual coefficients for the 

entire column, then each point defined by the pair (X, Y.) must fall on 

a straight line from the origins with a slope of one.  In addition the 

coefficient of determination (T )  would equal one, as would the coefficient 

of correlation (r). Symbolically: 

if a..* = a., for each coefficient in the i  column 
ij    ij 

then X. = Y. for all 19 observations 
i   i 

which, implies 

b0 = o 

bl = 1 

r2 = r = 1 

The closer a regression equation for a column comes to meeting these condi- 

tions, the better the updated coefficients of that column are as approxi- 

mators for their corresponding 1977 coefficients. 

It is possible to set up a test within the regression analysis to 

decide which columns contain acceptable approximators of the actual co- 

efficients.  In order for a column of updated coefficients to be judged 

acceptable in this study, it must meet this condition: the slope of the 

regression equation cannot be significantly different from one.  In terms 

of hypothesis testing the formal statement of this requirement is: 
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V bl * 1 

V  v^i 

where an acceptable column is one in which bj = 1. 

Table 22 presents the number of columns for each updating technique 

which are judged acceptable. The 1968 coefficients are the worse appraxi- 

mators according to this test; only four of the possible 19 columns are 

acceptable. The third modification is the best approximator with 18 

acceptable columns. The first modification does almost as well with 17 

acceptable columns. The tests for b. is conducted at the .05 level of 

significance. 

Table 22. Number of Acceptable Columns from Regressing the Updated Co- 
efficients Against th.e Actual Coefficients. 

Number of 
Updating Techniques Acceptable Columns 

1968 Coefficients 4 

RAS 7 

Modification 1 17 

Modification 2 6 

Modification 3 18 

Table 23 presents the range of slopes for the updating techniques, 

along with the mean coefficient of determination Cr^) for each technique. 

Though the confidence intervals vary for each slope (T>ecause each slope 

has its own standard error], as a general rule slopes between 0.9 and 1.1 

are acceptable. The third moficiation produces the narrowest range of 

slopes, while all of the other updating techniques produce much wider 

ranges. 

The coefficient of determination (r ) is interpreted as the proportion 

of variation in the dependent variable, the actual coefficients, that is 
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explained by the variation of the independent variable, the updated co- 

efficients. Thus the mean coefficient of determination gives a measure 

of how well the typical column of coefficients for each .updating technique 

explains the variation in its corresponding column of 1977 coefficients. 

The higher the mean r^ value, th.e better the updated coefficients approxi- 

mate the actual. The typical column of coefficients from the third modi- 

fication is able to explain about 93 percent of the variation in the 

actual coefficients. The 1968 coefficients are able to explain only about 

8Q percent of that variation. 

Table 23. Range of Slopes and Median Coefficient of Determination. 

Mean Coefficient 
Updating Techniques     Range of Slopes of Determination 

1968 Coefficients .2023 to 1.8513 .7973 

RAS .2295 to 1.5048 .8578 

Modification 1 .1904 to 1.0046 .8930 

Modification 2 .3130 to 1.4587 .9221 

Modification 3 .8545 to 0.9999 .9336 

In Closing 

The four tests just applied to the updating techniques were used since 

a formal hypothesis test was not appropriate. Each test supplies some in- 

sight into how well the updated coefficients approximate the 1977 co- 

efficients. Though none of these tests could give a definitive answer as 

to whether any of the updated models is "good enough" to be used in place 

of the actual 1977 Clatsop County model.  For lack of enough observations, 

that judgment must be made subjectively, using the results from this 

chapter as a guide. That is the objective of the next chapter. 



77 

CHAPTER V 

CONCLUSIONS 

Limitations 

Before any conclusions can be drawn from the results of this study, 

the limitations of these results need to be restated. These limitations 

have already been discussed, and are only summarized below. The results 

of this study are limited by the following: 

1. No formal hypothesis testing is possible since only two 

observations are available. 

2. Perfect estimates of critical secondary data are used, ....'; 

but in an actual update this information would be 

difficult, if not impossible, to collect. 

3. Both the 1968 and 1977 models are constructed using 

data collected from a sample, introducing sampling 

errors and the possibility of systematic errors. 

Basic Questions 

The results of the study thus limited, this chapter examines three 

basic questions: (1) Are regional input-output models stable over time? 

(.2) In approximating the actual coefficients, does the RAS or modified 

RAS updating technique improve the original coefficients? 15)   Is any 

of the updating techniques good enough to use in serious analytical work? 

To help answer these questions a summary of the results from chapter four 

is presented in Table 24. 
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Table 24. Summary of Results. 

Updating 
Techniques 

Mean 
Absolute 
Difference 

Mean 
Relative 
Difference 

Mean 
Index of 
Similarity 

Acceptable 
Columns 
Regression 
Analysis 

1968 Coefficients .0214 312.3% .4411 4 

RAS .0150 227.4% .4702 7 

Modification 1 .0101 209.2% ,4888 17 

Modification 2 .0137 184.9% .4843 6 

Modification 3 .0087 203.7% .5041 18 

Are Regional Coefficients Stable? 

From Table 24 it should be clear that the direct coefficients for 

Clatsop County are not stable between 1968 and 1977. The differences 

between the two models for those years are evident in all four of the 

tests applied to the 1968 coefficients. The 1968 coefficients are the 

worst appro-ximators of the actual 1977 coefficients. The mean absolute 

difference between the 1968 and 1977 coefficients is .0214 units. Con- 

sidering that the average non-zero coefficient in the 1977 model is .0364 

units, the average error of the 1968 coefficients seems unacceptably large. 

The mean absolute difference is over half the size of the typical 1977 

coefficient. 

The .mean relative difference for the 1968 coefficients is 312.3 per- 

cent. This indicates that the typical 1968 coefficient is in error by a 

factor of three when approximating the corresponding 1977 coefficient. 

Also, the 1968 coefficients have the lowest mean index of similarity 

among the updating techniques.  In the regression analysis the 1968 co- 

efficients have only four columns which are acceptable approximators of 

the actual coefficients; 15 of the columns are not acceptable. All of 
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these results indicate that the Clatsop County input-output model of 

1968 is not an accurate representation of the county's economy in 1977. 

The county's economy changed in those nine years, yet between 1968 

and 1977 Clatsop County would not be considered a fast growing area. The 

population in that time period increased by^ only two-thirds percent per 

yeax and the number of businesses in the county increased by one percent 

per year. This moderate rate of growth cannot explain why the 1968 co- 

efficients became so outdated. What appears to have happened between 

1968 and 1977 is that the regional trading pattern of the county's 

economy changed. Both the structure of the county economy and the rela- 

tionship between local and non-local purchases changed. The change in 

the structure of the local economy is shown by the increase in sector 

interactions between 1968 and 1977.  In those nine years the county 

gained a net of 40 new sectoral interactions, adding 50 new interactions 

and lossing ten previous sector interactions. More sectors were active 

in 1977 than in 1968; the economy had diversified somewhat. 

While the county economy appeared to diversify in those nine years, 

local businesses also changed their importing patterns during that time. 

In 12 sectors imports increased between 1968 and 1977, while in seven 

sectors imports decreased. Whether the porportion of imports went up or 

down, the changes meant that the 1968 model became outdated. The average 

size pf this change in importing patterns was .1363 units Cor almost 14 

percent)..  In 11 of the sectors the change in imports was at least .1000 

units. The general trend was towards more importing. 

When the percentage of goods and services imported changes, then the 

percentage pf local purchases changes in the opposite direction. Thus 

for the 12 sectors with more importing in 1977, it follows that less was 



80 

purchased from within the county. Seven sectors decreased theijr propor- 

tion of imports and therefore increased local purchases. Even though 

Clatsop County was not a fast growing area, these changes in the county's 

trade patterns offer an explanation of how their coefficients became out- 

dated. 

In a study of the changes occurring between 1963 and 1967 in the 

Washington State economy, Beyers (.1972) felt that the changes that occurred 

were primarily caused by changes in the state's trade patterns. Su (1970) 

stated that changing trade patterns are the primary cause of unstable 

regional coefficients. The results from Beyers (1972) study and from this 

one support Su's hypothesis. 

A further conclusion about the stability of regional coefficients is 

that they become outdated in a relatively short period of time. The 

Clatsop County coefficients were tested after nine years and found to be 

outdated. After only four years the 1963 Washington State model was out- 

dated.  Further testing is needed to establish a good measure of the 

life of a regional input-output model.  Though some variation would be 

expected among regions, present results indicate that a regional model may 

not be good for more than ten years, and, more likely, not for more than 

five years.  Some regional models take almost that long to construct. 

Do the RAS Techniques Improve the Coefficients? 

The 1968 coefficients turned out to be poor approximators of the 

actual 1977 coefficients. The next question is whether the RAS updating 

technique, or one of its modifications, could do a better job? The re- 

sults from this study indicate that the answer to that question is yes. 

The RAS coefficients and the modified RAS coefficients are all substantially 
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better at approximating the 1977 coefficients than are the original 1968 

coefficients. This is evident from Table 24. In all four tests th.e RAS 

techniques do better than the 1968 coefficients. 

The mean absolute difference improves with the RAS updating techniques. 

The 1968 coefficients are, on th.e average .0214 units in error, while the 

RAS coefficients are, on the average .0150 units in error, and the co- 

efficients from the third modification improve th.e average absolute error 

down to .0087 units. The mean relative difference also improves from over 

-300 percent for the 1968 coefficients to slightly less than 200 percent 

for the coefficients from the second modification. The index of similar- 

ity also improves using the RAS techniques; the average index of similar- 

ity- increases from .44 for the 1968 coefficients to .50 for the coefficients 

from the third modification. Lastly, the number of columns judged accept- 

able in the regression analysis increases with the RAS updates. The 1968 

coefficients have only four of 19 columns acceptable, whereas all of the 

RAS techniques do better than that. The third modification does the best, 

with 18 of the 19 columns acceptable. 

The results indicate that updating regional coefficients using the 

RAS technique, or a modification of this technique, offers substantial 

improvements over simply using the original coefficients as approximators 

of cpefficients for a later year.  In this study the third modification 

ranks as the best technique in three of the four tests, and second best 

in the other test. The first and second modifications both do slightly 

better than the simple RAS technique. The first modification ranks 

higher than the second in three of the four tests, including the regres- 

sion analysis where the first modification has 17 columns acceptable 

while the second modification has only six.  It appears that the first 

jnodification is the next best updating technique. 
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These results seem logical. The RAS and modified RAS techniques apply 

additional information to that contained in the original model. This 

additional information, control values for the update year and pre-specified 

coefficients, should increase the accuracy of the updated coefficients. 

The third modification applies the most additional information and pro- 

duces the best results.  The simple RAS technique applies the least addi- 

tional information and produces the worst results among the RAS techniques. 

In this study, the necessary information required by the RAS techniques is 

taken from the actual 1977 input-output model for the county. 

The findings of this section are consistent with, most of the other 

findings, reported in Chapter II.  In all studies of updating national 

models, the simple RAS model improved upon the coefficients in the ori- 

ginal model. The one study of updating regional models, done by Malizia 

and Bond (1974), also concluded that RAS coefficients were more accurate 

than the original coefficients. This study indicates the same for Clatsop 

County.  In testing the modified RAS technique, four of the five studies 

cited in Chapter II (Paelinick and Waelbroeck, 1963; Henry, 1973; Allen, 

1974; and Bullard and Sebald, 1977) found that the modified RAS technique 

produced better approximations than did the simple RAS. However, one 

study by Miernyk (1975). found that the modified RAS offered little or no 

improvement over the simple RAS technique.  All five of these studies were 

done with national models.  This study concludes that, for regional models, 

the modified RAS does improve upon the simple RAS technique. 

Are the RAS Coefficients Good Enough? 

This study has concluded that regional input-output coefficients are 

not stable pyer time and that the various RAS updating techniques produce 
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better approximations of the actual coefficients than do the original co- 

efficients.  Perhaps the most critical question is whether the improvements 

produced by the RAS techniques are good enough to use the updated coeffi- 

cients in serious analytical work. With  only two observations to use, 

answering this question must involve some subjective judgment. 

It appears that none of the updating techniques tested in this study 

can provide accurate estimates of the actual coefficients. 

Table 24 and the results presented in Chapter IV provide some 

support for this conclusion, though these results are not consistent. 

The results, from the regression analysis indicate that two of the modifi- 

cations do a good job of approximating the 1977 coefficients. While the 

results from the other three tests do not support the findings in the re- 

gression analysis.  In fact, they contradict those findings. This may be 

because the regression analysis only tests how well a column of coefficients 

acts as an approximator, whereas the other tests looked at the individual 

coefficients as approximators.  It is possible for a column to have a good 

fit and significant slope in the regression analysis and still have in- 

dividual coefficients that are poor approximators. 

This possibility is supported by the results from the other three 

tests. The lowest mean relative difference of any of the RAS techniques 

is 184.9 percent, which is still a very large error. All of the RAS tech- 

niques have mean relative differences of about 200 percent. Though the 

measure of mean relative difference has little meaning because it comes 

from a badly skewed distribution, the frequency distribution of relative 

differences presented in Table 18 shows similar results. The median re- 

latiye differences for the RAS techniques ranges fronj 75 percent to 98 

percent. At least 40 percent of the coefficients are in error by 100 

percent or more. These are still large errors. 
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The results from the index of similarity, another measure of relative 

difference, also indicate that none of the RAS techniques produce good 

approximations of the actual coefficients. The highest mean index of 

similarity is about 0.5, only half of the Best possible score of 1.0. 

In the test of absolute differences, the third modification has the 

lowest mean error at .0087 units. This represents an improvement over 

th.e 19.68 coefficients. The critical question is whether an average error 

of .0087 units is acceptable. This error needs to be compared to the 

size of the typical non-zero coefficient in the 1977 model, which is 

.0364 units. An error of .0087 units, when compared to a coefficient of 

.0364 units, represents an average error of about 25 percent. This says 

that the best RAS modification mis-approximates the actual coefficients, 

on the average, by plus or minus 25 percent. As a subjective judgment, 

an .updating technique that cannot come within 25 percent of its target 

does not appear to be good enough. The other RAS techniques produced 

mean absolute errors up to 40 percent off the average actual coefficients. 

A further consideration in support of the conclusion of this section 

is that the results of this study are biased in favor of the updating 

techniques tested. This is because perfect estimates of critical secondary 

data were used in applying the RAS updates. As pointed out earlier, there 

is no reason to expect that the necessary information required by the RAS 

techniques would be as readily accessible, or as accurate, as the infor- 

mation used in this study. The failure of the RAS techniques under per- 

fect conditions seems to indicate that these techniques would do even 

worse in a real world update, where the necessary information would be less 

than perfect. 

This conclusion fits with the conclusions presented earlier by 

Miernyk C1975). and Malizia and Bond (1974}. The work done by Malizia and 
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Bond is especially relevant since they tested another regional model. 

Miernyk tested both the simple RAS and two modifications, all on national 

models. Miernyk concluded that neither approach should be used when serious 

analytical work was involved. 

At least two studies disagree with this conclusion of this study. 

Schnieder 0-9651 found that the simple RAS updating technique produced 

"little distortion" in updating coefficients. Allen (1974) stated that 

th.e Jiiodified RAS technique produced a "useful reduction" in error. These 

conflicts in conclusions point out the subjective nature of all conclu- 

sions about how well the RAS techniques do. With, only two observations 

usually available, most conclusions are necessarily subjective. 

Implications 

In 1977 officials from Clatsop County, Oregon, approached Oregon 

State University with questions about the usefulness of a 1968 model of 

their economy, and about the possibility of updating that model. At 

that time we did not have any answers for them.  If a similar groups 

were to ask those questions now, we could offer much more help. Even 

though this study does not provide any definitive answers it does provide 

a start. 

More work needs to be done on pinpointing the range of useful life 

for regional input-output models. The tentative feelings from this study 

and from the studies on the Washington State economy (Beyers, 1972; and 

Conway, 1975) are that these models have short lives. They become out- 

dated sometime between four and nine years.  In evaluating the life of a 

model, the region should be examined for changes in either its structure 

and/or its trade patterns.  If either of these has changed significantly 
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over time, it is likely that the region's input-output model has become 

outdated. 

It appears that, when a regional model becomes obsolete, there is no 

substitute for constructing a new model (unless the region does not need 

a new input-output model). The appeal of updating an existing model is 

the belief that an updated model can be as accurate as a new model and 

can be constructed at a significantly lower cost. The conclusions from 

this study indicate that models updated by a RAS technique are not as 

accurate as an actual model, and there is no reason to believe that 

these updating techniques are any cheaper than actually constructing a new 

model. The RAS techniques require secondary information about sector 

sales and purchases, including information on intermediate sales and pur- 

chases by' sector. Few regions actually collect business information about 

intermediate sales and purchases; this information would be extremely 

difficult to acquire.  It would also be difficult to develop good estimates 

of this critical data.  In addition, the modified RAS techniques require 

that certain direct coefficients be pre-specified before updating by the 

RAS method. Pre-specified coefficients would also require some time and 

effort to develop. The time and effort required to collect and develop 

all of this information drive up the cost of these updating techniques. 

It is even possible that constructing a new model would be less expensive 

than updating an old model. The 1977 Clatsop County model cost approxi- 

mately $16,000 to construct, but the necessary information to update the 

1968 model did not exist. The 1968 model could not have been updated 

easily. 

The updating techniques tested in this study were the RAS and its 

modification. According to LeComber (1975) these are the most popular 
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updating techniques. Other techniques were discussed in Chapter II, but 

were not tested because they rely to a great extent upon human judgment, 

more so than the RAS method. From the results of this, study and from the 

findings of other studies, it appears that changes in regional trade 

patterns are the prime cause of oBsolete coefficients. One of the methods 

not tested, the ex-ante method, appears to be the onty updating technique 

capable of accounting for changes in trade patterns. As amended by 

Miernyk 0.975),  the ex-ante method uses one or more businessmen per sector 

to adjust the old coefficients to reflect any and all changes that they 

feel have occurred over time. The quality of their adjustments depends 

upon their knowledge of their sector of expertise. Still, this updating 

technique can account for trade pattern changes. Additional research in 

updating regional input-output models should investigate how well the 

ex-ante method works. 

Perhaps a better direction for future research is towards economizing 

methods pf constructing regional input-output models, especially if the 

jiiodels become outdated every five years or so. The costs of constructing 

these models Bake the various updating techniques look attractive.  If the 

costs of a new model could be decreased, the regions would be less in- 

clined to use questionable updating procedures. 
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APPENDIX 1 

Sectors froni the 1968 Clatsop 

County Input-Output Model 
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Sectors from the 1968 Clatsop County Input-Output Model 

Sector 
No. Sector Business Types 

1 Lumber 

2   Commercial fishing 

3    Fish processing 

4   Agriculture 

5    Manufacturing 

Lodging 

Cafes § taverns 

8   Service stations 

Logging, log hauling, lumber mills, 
plywood mills, timber dealers, shingle 
manufacturing, logging contractors, 
paper and pulp plants. 

Trollers, otter trawlers, gill-netters, 
commercial clammers, commercial crabbers. 

Fish and sea food dealers, fish packing 
and processing, fish packing coopera- 
tives, crab companies, clam and shrimp 
processors. 

All farms and ranches which derive at 
least one-half of the gross receipts 
from the sale of agriculture and fur 
products. 

Food processors (other than sea foods), 
soft drink bottling companies, meat 
and poultry processors, creameries, 
machine manufacturing, stone and clay 
processors, glass products, box pro- 
ducts, canvas products, metal cans, 
bio-products, ice cream, bakers, and 
foundaries. 

Hotels, motels, trailer parks, apart- 
ments, boarding houses, rooming houses. 

Restaurants, cafes, taverns, drive-ins 
and short order eating places, and ice 
cream parlors. 

All service stations and wholesale gaso- 
line distributors. 

9    Automotive sales 
5 service 

New and used auto and trailer sales, 
tire stores, parts and accessories, 
auto repair shops, towing, automotive 
body and paint shops, auto upholstery, 
boat dealers, trailer towing, tire re- 
capping and farm tractor dealers. 
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Sectors from the 1968 Clatsop County Input-Output Model  Ccpntinued] 

Sector 
No. Sector Business Types 

10 Coranmnication 5 
transportation 

11 Professional services 

12 

13 

Financial services 

Construction 

14 Retail § wholesale 
trade 

Trucking, railroads, airlines, buses, 
radio and television stations, telephone 
company, telegraph, newspapers, tele- 
vision cable company, taxicabs, auto 
leasing, moving vans, trailer rentals, 
tug and Barge service. 

Doctors, dentists, lawyers, accountants, 
bookkeepers, chiropractors, architects, 
surveyors, engineers, medical and dental 
laboratories, optometrists, veterinarians, 
ambulance service, nursing homes, and 
appraisers. 

Banks, savings and loan associations, 
stockbrokers, financial companies and 
credit bureaus. 

Firms that contract for building, elec- 
trical, plumbing, road and highway, 
painting, heating, roofing, flooring, 
shipbuilders, sand and gravel operations, 
carpenters, asphalt paving companies, 
concrete manufacturers, excavators, land 
levelers, masonries, well drillers, 
cabinet makers, tile layers, sheet metal 
firms, plasterers, electrical and hard- 
ware stores, steel and pipe dealers, 
retail lumber yards, salvage companies, 
and commercial refrigeration contractors. 

Natural gas companies, fuel oil dealers, 
electric utilities, bottled gas suppliers, 
clothing stores, shoe stores, department 
stores, variety stores, furniture and 
appliance stores, jewelry stores, beer 
distributors, drug stores, office supply 
stores, milliners, state-owned liquor 
stores, music stores, flower shops, 
camera shops, paint stores, news stands, 
gift shops, fisherman's supply stores, 
printing companies, cold storage and ice 
dealers, wholesale-retail groceries and 
supermarkets, and all wholesale dealers 
supplying the above stores.if located in 
Clatsop County. 



95 

Sectors from the 1968 Clatsop County Input-Output Model (continued) 

Sector 
No. Sector Business Types 

15    Retail services & 
organizations 

16    Port authority 

17    Education 

18    County roads 

Privately owned kindergartens and child 
nurseries, photo studios, theaters and 
Other recreational facilities, laundries 
and cleaners, tailors. Barbers and 
beauty shops, upholsterers, funeral homes, 
machine and welding shops, car wash, 
private business schools, music teachers, 
repair shops, unions, lodges, and service 
organizations, building rental services, 
garbage collectors, insurance and real 
estate, churches, vending machine opera- 
tors, private parking lots, trading 
stamp companies, private employment 
agencies, janitorial service, credit ser- 
vices, telephone answering service, 
security police. 

All transactions of the Port of Astoria 
as recorded by the county port authority. 

Includes all six school districts, inter- 
mediate education district CI-E.D.), 
Clatsop Community College, and the county 
superintendent of schools. 

Includes all transactions involved in 
construction and maintenance of county 
roads. 

19-   Law enforcement Includes all transactions concerning the 
county sheriff's office including tax 
collection, all justices of the peace, 
and district court. 

20    Health department 

21    Welfare 

22    General fund 

Includes all transactions of the county 
health department. 

All funds administered by the county 
welfare department, including federal, 
state, and local. Also all salaries, 
office supplies of employees of county 
welfare department. 

All transactions of the following county 
departments: assessor, treasurer, county 
commissioners, elections, county clerk, 
county surveyor, courthouse maintenance, 
planning commission, land agent, humane 
officer and department, veterans service 
and current expense account. 
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Sectors frojn th.e 1968 Clatsop County Input-Output Model Ccontinued] 

Sector 
No. Sector Business Types 

23    City of Astoria 

24    City of Warrenton 

25    City of Haanmond 

26 

29 

30 

City of Gearhart 

27    City of Seaside 

28    City of Cannon Beach. 

Household 

Aluminum 

All transactions conducted by the city 
government, includes all departments 
and divisions. 

All transactions conducted by the City 
of Warrenton. 

All transactions conducted by the City 
of Hammond. 

All transactions conducted by the City 
of Gearhart. 

All transactions conducted by the City 
of Seaside. 

All transactions conducted by the City 
of Cannon Beach. 

Transactions by private individuals who 
are Clatsop County residents. 

All transactions condcuted by the pro- 
posed aluminum plant. 

SOURCE: Collin, Youmans, and Stoevener (1970). 
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APPENDIX 2 

Sector from the 1977 Clatsop 

County Input-Output Model 
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Sector from the 1977 Clatsop County Input-Output Model 

Sector Name/Types of Firms Included 

1. Logging: Firms involved with, the growing, harvesting, and hauling 
of timber. 

2. Wood Processing: Firms producing lumber, paper, or wood products. 

3. Gillnet Salmon Fishing; Licensed cpmrnercial gillnet salmon fisher- 
men who reside in Clatsop County. 

4. Troll Salmon Fishing: Licensed commercial troll salmon fishermen 
who reside in Clatsop County. 

5. Combination Troll Salmon Fishing: Licensed commercial fishermen 
fishing for salmon in addition to other fish (crab, tuna, etc.) 
who reside in Clatsop County. 

6. All Other Fishing: Licensed commercial fishermen who reside in 
Clatsop County, fishing for any fish except salmon. 

7. Salmon Processing: That proportion of fish processing firms that 
process salmon. 

8. All Other Fish Processing: That proportion of fish processing firms 
that process all other fish, except salmon. 

9. Agriculture: Farms, ranches, nurseries, and dairies. 

10. Manufacturing: All manufacturing firms except wood products and fish 
processing. 

11. Lodging: Motels, apartments, trailer parks, and apartments. 

12. Restaurants: Restaurants, cafes, bars, taverns, and fast-food 
businesses. 

13. Service Stations: Retail and wholesale fuel and accessories. 

14. Automotive Sales and Services: Firms selling or servicing automobiles, 
motorcycles, farm equipment, parts, and accessories. 

15. Transportation: Trucking (.except log trucks), buses, railroad, 
boats, tugs, bargest, port authority and air transportation. 

16. Communication: Telephone, telegraph, newspaper, and radio station. 

17. Professional Services: Medical, legal, engineering, accounting, and 
consulting. 

18. Financial Services: Banks, savings and loans, credit bureaus, 
finance companies, and credit unions. 
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Sector from the 1977 Clatsop County Input-Output Model (continued] 

Sector Name/Types of Firms Included 

19.  Construction: Firms preparing land, building structures, or repair- 
ing structures. 

20.. Retail and Wholesale Sales: Firms selling products such as grocery 
stores, art galleries, electric utilities or office supply 
stores. 

21. Retail Services: Firms selling services such as insurance, garbage, 
collection, beauty shops, or repair shops. 

22. Public or Private School: Education or training centers. 

23. Clatsop County Government: All agencies of the county government. 

24. City Governments: The governments of Astoria, Cannon Beach, Gear- 
hart, Hammond, Seaside, and Warrenton. 

25. Households: All private individuals in the county. 

26. Federal and State Agencies in the County: Federal and state 
agencies located in and serving Clatsop County such as the 
Post Office or the State Police. 

In addition to the 26 processing sectors of the Clatsop County economy, 
five other sectors are used in the transaction table. These sectors 
are rows: 

27. Federal and State Agencies Outside the County: Federal or state 
agencies not located in Clatsop yet financed By Clatsop County 
taxes. 

28. Businesses Outside the County: Firms outside Clatsop County which 
supply Clatsop County businesses with goods and services. 

29. Households Outside the County: Private individuals outside of 
Clatsop County which supply Clatsop County businesses primarily 
with labor or capital. 

30. Inventory Depletion: Decreases in the inventory of Clatsop County 
businesses. This entry is used to balance the table. 

31. Depreciation: The value loss from the aging of assets owned by 
Clatsop County businesses. 
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Sector from the 1977 Clatsop County Input-Output Model (continued) 

Sector Name/Types of Firms Included 

These sectors are columns. 

27. Federal and State Agencies Outside the County: Purchases by Federal 
and State agencies outside Clatsop County of goods and services 
from Clatsop County businesses. 

28. Businesses Outside the County: Purchase by business firms outside of 
Clatsop County of goods and services from Clatsop County businesses. 

29. Households Outside the County: Purchases by private individuals who 
reside outside Clatsop County of goods and services from Clatsop 
County businesses. 

30. Inventory Accummulation: An increase in the inventory of Clatsop 
County business. This entry is used to balance the table. 

31. Capital Investment: The purchase of a major asset by Clatsop County 
businesses. 

SOURCE: Carroll and Stoevener 0-978). 


