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ABSTRACT

In today's highly competitive fishing industry, a fish plant
manager must operate his plant to maximum efficiency and take whatever
action he deems necessary to keep ahead of his fellow competitors.
There are limited fish resource and markets available and if he
doesn't remain competitive, other fish processing plants will force
him out of business. The supply of fish to the Newfoundland processing
plants has been one of the major factors in determining the production
patterns. Besides the problem of the supply of fish, there are other
variables which the plant manager encounters, such as changes in
prices of raw material, labour rates, equipment breakdowns, selling

price fluctuations and market demands, etc.

Other requirements for an efficient plant operation are related
to the managerial skills, mainly one of predicting or forecasting what
actions need to be taken. These skills relate to the extent to which
management is able to quickly and accurately analyse and establish the

best course of action.

The objective of this study was to develop a computer model,
which would be able to simulate a fish processing operation with various
input parameters. These parameters would relate to raw material quantities
and’prices, finished product order demands, selling prices, labour

Productivity, labour rates, plant and equipment capacities and other

variables of the processing operation.

The study undertook to develop a systems dynamic model of a
Newfoundland inshore fish processing plant. The procedure of systems

dynamics was based on Forrester's works in industrial dynamics, (Forrester
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1960). A model logic was developalbased on the actual physical
observations of the plant. After the model logic had been tested on

the computer, simulations were performed based on the initial data

input of the plant. The model was built to simulate every day operation
for a 300 working day year. Varlious computer simulations were performed
for a selected number of changes in the initial data input and possible

economic and preoduction ocutcomes were compared.

These comparisons relate to profits, cash flows, sales revenue
and costs, assets and liabilities, profit return ratios, production
rates, freezing rates, inventory holdings, employment, etc. The
exercise of developing a systems dynamic model and its subsequent use
as a simulation tool to assist management in decision making has been

adequately demonstrated.
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CHAPTER 1

INTRODUCTION

1.1 General Fisheries Background

The total annual catches of fish in the world from 1960 to 1976
have increased from 30 million tons to 70 million tons (Annual Statistical
Review, 1977). Fisheries scientists have voiced that the upper limit of
fish catches has been reached and predict that the chances of reaching
100 million tons per year are rather small, (Davis, 1973)e The bio-
logical, physical and economic limits to the total tonnage of fish which
can collectively be taken from the sea are already being considered on

a global plan by the Food and Agricultural Organization (FAO) of the

United Nationse

Management related to the maintenance of aguatic resources has
many facets. Input to management of aquatic renewable resources has

come from philosophers, fishery scientists, politicians, government

institutions and public attitudes. Those managing have been concerned
with allocating and managing a given resource for the production of
food or industrial products, with using it for recreational purposes,

or simply with its preservation for aesthetic reasons.

During the past two decades, increased attention has been paid
to socio—economic aspects of fisheries, at both catching and processing
levels. There seems to be a consensus that socio-—economic objectives
mist play a more important role in managing the harvest of fisheries
Peésources, and socio—economic goals are perhaps more variable and contro-

vVersial than those established for conservation purposes.
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The FAO reportl on economic aspects of fisheries management has
proposed some generally accepted criteria for good economic performance,
which apply to fisheries and other industries. These criteria related
to the production of useful goods from the sea require Jjoint use of
labour, capital and natural resources so as to maximize the total
value of yield over total social and economic cost. However, one
socio—economic objective or a set of such objectives may not apply

equally to all nations or even to all regions within a nation.

In developed countries where fisheries havé been historically
a major activity, management goals have been strongly associated with
the maintenance of the resources and/or the maintenance of certain
options for its citizens, such as alternate employment or part-time
employment to supplement their incomes from other sources. In

developing countries, the objectives of fisheries exploitation have

largely been to generate goods and services that contribute to the
Gross National Product, to produce a supply of protein foods and to

provide sources of foreign currency.

In recent years Canada's total fish catch has
varied from 1 to 1.3 million metric tons per year (Annual Statistical
Review, 1977)e The contribution of fisheries to the value added in
commodity producing industries in Canada was about one percent, the
major proportion of this being contributed by the Atlantic Provinces

and British Columbia (Annual Statistical Review, 1977).
The percentage labour employed in the fisheries compared with the

- Prepared by FAO, 1966, as a result of a meeting of biologists and

economists in Rome in 1965.
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total employment in Canada is about one percent. In comparison, the
labour employed in Newfoundland and Labrador fisheries is about 13 per-
cent of total employment. Newfoundland catches about 50 percent of

+he total Canadian catch from ICNAFl arease. The total annual fish
catches around the waters of Newfoundland during the last five years
have ranged between 630 million to nearly one billion pounds per

year (Annual Statistical Review, 1977).

The Newfoundland fishery industry is on the whole highly 1abouf
intensive, in the sense that marmal labour as opposed to machinery is
used at almost all levels of fishing, particularly the inshore
fishery, unloading of fish at wharf, and manual processing into con-
sumer products. Much of Newfoundland's economy depends on its
primary fishing industry. For almost four centuries, the economic
life of Newfoundland depended on a single industry, the fishery, and
almost on a single product, the processing of cod fish, though in
recent years other species such as haddock, perch, flounder, greysole,

turbot and mollusk are also processed.

1.2 Background to Newfoundland Fishery

The initial settlement pattern of the European migrants who
came to Newfoundland was to exploit the rich fishing ground that
surrounded the island. When initial settlement took place during
the 18th., and 19th. centuries the primitive methods of the fishery
required close contact with the resource. As numbers of fishermen

increased, small fishing communities eventually came to settle the

| International Commission for Northwest Atlantic Fisheries



entire coastline of the islard.

Until late in the 19th. century the fishery remained virtually
the sole base of the Newfoundland economy. In fact, the fisheries
share of the export trade did not drop below 70 percent of the annual

export value until 1922 (Copes 72).

The Nawfoundland fishery up until recent decades was solely
an inshofe fishery, a fishery of small boat operations conducted by
independent fishermen who either owned or shared a boat. These boats,
because of size, stayed close to port with individual fishing trips
of less than one full day. Their effective fishing time was curtailed
by rough weather and ice closure. The larger part of the inshore
catch was cod, a major portion of which was caught in traps in a
short season in June, July and August. Most of the cod was salted

and sun—dried by the fishermen (and their families).

After World War II,within the Newfoundland fishing industry a
modern sector developed. This modern sector consisted of the establish-
ment of fish freezing operations to supply a fast growing United States
market for frozen foods (Table 1l.1). To spread overhead cost and a
market need for a balanced variety of groundfish species (cod, haddock,
redfish and flounder), the fish plants needed a year-round supply of
raw material. The established inshore fishery being highly seasonal
and mainly one specie (cod), could not fulfill these criteria. In
Consequence, several companies operating fish processing plants
acquired fleets of deep sea vessels (mostly trawlers) that could operate

at sea for trips that would last up to ten days on a year-round basis.
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TABLE 1.1
NUMBER OF FISH FREEZING PLANTS

IN OPERATION IN NEWFOUNDLAND

1954 - 1971

IN OPERATION OPENED, NOT CLOSED, OPERATING

DURING YEAR OPERATING PREVIOUS YEAR
YEAR PREVIOUS YEAR
1954 18 6
1955 21 b
1956 21 = -
1957 16 1 6
1958 19 > -
1959 20 1 =
1960 20 1 1
1961 22 2 -
1962 24 2. -
1963 32 8 -
1964 32 2 2
1965 34 2 =
1966 34 - 3
1967 34 3 3
1968 32 - 2
1969 33 I 3
1970 36 3 <
1971 36 1 1
=" el

SOURCE: Canada, Department of Fisheries & Environment,
Economics Branch, St. John's.
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This gave them an adequate range to tap the stocks of the various species
required to give the desired product mix. This sector became known as

the offshore fishery.

These large fish freezing plants also took some quantities of
fish from inshore fishermen who operated within supply range of the
plant. However, the inshore fishery was not substantially affected by

the establishment of an offshore fishery.

In the meantime the inshore fishery was also changing in regard
to the processing of the catches, however, it still remained a relatively
small boat operation conducted by independent fishermen. While fisher-
men prior to World War II had mostly salted their own fish,now small
processing plants were established for mechanical drying of salt fish
and others for freezing of fresh fish. These fish plants would buy
fish from the individual fisherman in a raw or semi-processed state
where further processing took place and finally the disposal of the
finished product in foreign markets. These fish plants were dependent

entirely on inshore supplies.

One further major development in the inshore fishery was the
emergence in the early 1960's of a "middle distance" fishery, using
vessels in the range of 35 — 65 feet in length. These larger inshore
boats had increased seaworthiness, range and comfort, thus requiring
more adequate harbour amd service facilities than were offered by
most outports in Newfoundland. This caused these vessels to be
concentrated in a smaller number of larger outports where

Specialized facilities were available.
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1.3 Economic Importance of the Fishery in Newfoundland

Even since the first European migrants settled in Newfoundland,
the fishery has played a dominate role in Newfoundland's economy. One
hundred }ears ago the industry constituted the sole economic support
of the island since Newfoundland's commodity-producing industries
consisted almost entirely of fish products. In 1973 the fishing industry
contributed 13.7 percent to the value of production in the province's
commodity—-producing industries (Table 1.2) and absorbed about 13 per-—
cent of the total labour force (Table 1.3). In comparison, the fishing
industry contributed only l.l1 percent to the total value of production
in Canada's commodity-producing industries (Table 1.2) +hile absorbed

only about 0.9 percent of the total labour force (Table 1.3).

Considering the important economic significance of the 200 mile
fisheries limit which came into effect January 1977, the contribution
of the fisheries to Newfoundland economy can only grow in importance.
With the 200 mile fisheries limit, Canadians and hence Newfoundlanders
will have sole ownership of the resources within this limit, thus being
able to regulate the quantities and types of species to be harvested
at any particular time. This important control of the fish stocks'
vill mean that Newfoundland vill have access to larger harvesting
quotas vhile at the same time managing the fish stock to obtain

optimum yield.

One further note to the groring importance of the fishery to
Newfoundland's economy is the recent closure of tvo of Newfoundland's
largest commodity—producing industries, the Come-by-Chance 0Oil Refinery

and the Newfoundland and Labrador Liner Board Mill and expected closure
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TABLE 1.2
CONTRIBUTION OF FISHERIES TO COMMODITY -
PRODUCING INDUSTRIES IN

NFLD. & CANADA, 1965-1974

(PERCENTAGE)
YEAR NEWFOUNDLAND CANADA
1965 12.5 1.0
1966 10.7 1.0
1967 10.6 0.9
1968 10.2 0.9
1969 12.8 0.9
1970 10.9 1.0
1971 111 0.9
1972 12.6 1.0
19723 13,7 .2
1974 8.7 0.8

SOURCE: Canada, Department of Fisheries
and Environment, Annual Statistical
Reviewof Canadian Fisheries,

Volume 9, 1955-1976.
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TABLE 1.3
EMPLOYMENT IN THE FISHERIES COMPARED WITH

TOTAL EMPLOYMENT FOR NFLD. & CANADA '

195% = 1973
(PERCENTAGE)
YEAR NEWFOUNDLAND CANADA
1955 19.6 1.7
1556 18.0 1.6
1957 19.4 1.6
1958 23.9 1.7
1959 23.6 1.6
1960 23.0 1.5
1961 24.2 1.5
1962 23.7 1.5
1963 Z23.2 1.5
1964 23.2 1.4
1965 21.9 1.4
1966 15.7 1.3
1967 18.3 v
1968 18.5 1.2
1969 17.6 1.1
1970 173 1.0
1971 14.9 1.0
1972 14.0 0.9
1973 13.2 0.9

SOURCE: Canada, Department of Fisheries and
Environment, Annual Statistical Review
of Canadian Fisheries, Volume 9, 1955 - 1976.




or phasing out of mining industries such as St. Lawrence Florspar mines,
Buchans mines and the Bay Verte Asbestos mines. With these
closures causing serious unemployment, Newfoundland has been forced

to find alternative employment opportunities.

Given all of the above factors, one can only assume that the
fisheries in Newfoundland in the foreseeable future vill continue to

play an important role in Newfoundland's economy.

1.4 Newfoundland Seafish Landings

The Newfoundland commercial seafish fisheries consist of three
major species groups. These three major specieggroups are groundfish,
pelagic and shellfish (Table 1.4). This section vill deal only vith
these groups and vill ignore others such as seals, vhales and seaveeds

because of their special institutional, social and physical factors.

On the whole, landing of groundfish have been, and continue to be,
the most important by far in terms of both quantity and wvalue of landing
(Table 1.4). In the period since 1961 the groundfishery has never
accounted for less than 61% of total volume, nor less than 73% total
landed value (Table 1.5). Indeed, in the early years of this periog,
groundfish accounted for over 90% of volume while in 1976 made up
something in the order of 75% of total volume. Of the species of
groundfish landed in 1975 and 1976, cod, small flatfish, redfish, Green-

land turbot and catfish account for about 99% of all groundfish (Table 1.6).

The pelagic fisheries rose from a level of minor importance in
the early 1960's to a position vhere, because of an expanded herring

fishery, they accounted for over one third of the landed volume in



TABLE 1.4
COMMERCIAL SEAFISH LANDINGS, QUANTITY AND VALUE

BY SPECIES GROUP, NEWFOUNDLAND, 1961-1976,('000 1bs.& $'000)

Groundfish Pelagic Shellfish Total
@ W @ W @ @ W
1961 432,412 11,808 28,498 1,118 23,705 1,551 486,615 14,477
1962 491,802 14,165 29,341 1,266 5,237 1,493 526,380 16,924
1963 523,614 16,345 33,478 1,514 9,492 1,865 566,584 19,724
1964 497,678 17,574 34,580 1,506 27,631 2,592 559,889 21,672
1965 534,942 18,881 42,361 1,484 20,992 2,573 598,295 22,938
1966 571,930 21,144 6,267 2,111 14,551 2,409 662,748 25,664
1967 567,033 21,901 192,659 3,662 18,390 2,380 778,082 27,943 -
1968 618,057 20,934 327,374 4,400 4,318 2,521 949,749 27,855 :
1969 611,327 21,384 381,449 5,043 5,217 2,811 997,993 29,238
1970 612,014 25,940 363,435 5,971 5,939 2,843 981,388 34,754
1971 539,476 26,400 317,351 6,101 11,394 3,146 868,221 35,647
1972 480,883 26,359 159,151 4,661 7,051 4,533 647,085 35,553
1973 514,880 35,669 147,665 6,854 11,647 4,745 674,192 147,268
1974 389,204 30,978 120,273 6,479 11,815 1,625 516,292 42,082
1975 427,644 31,975 115,754 6,593 18,274 5,415 561,672 43,983
1976 564,871 L6, 456 146,855 8,318 3,098 7,901 747,824 62,675

SOURCE: Canada, Department of Fisheries and Environment,
Economics Branch, St. John's.



TABLE 1.5
COMMERCIAL SEAFISH LANDINGS, PERCENTAGE DISTRIBUTION

BY SPECIES GROUPS, NEWFOUNDLAND, 1961-1976

Groundfish Pelagic Shellfish Total
OB @ w @ W @ W

1961 89.0 81.6 6.0 2.7 5.0 10.7 100.0 100.0
1962 93.4 83.7 5.6 7.5 1.0 8.8 100.0 100.0
1963 92.4 82.9 5.9 7.7 54 9.4 100.0 100,0
1964 88.9 81.1 6.2 6.9 4.9 12,0 100.0 100.0
1965 89.4 82.3 7.1 6.5 3.5 11,2 100.0 100.0
1966 86.3 82.4 11.5 8.2 2.2 9.4 100.0 100.0
1967 72.8 78.4 24,8 13.1 2.4 8.5 100.0 100.0
1968 65,0 75.2 3.5 15.8 0.5 9.0 100.0 100.0
1969 61.3 73.2 8.2 17.2 0.5 9.6 100.0 100.0
1970 62.4 74,6 7.0 17.2 0.6 8.2 100.0 100.0
1971 62.1 74,1 36.6  17.1 1.3 8.8 100.0 100.0
1972 74,3 7.1 2b,6  13.2 1.1 12,7 100.0 100.0
1973 764 75.5 21,9 14,5 1.7 10.0 100.0 100.0
1974 Wk 73.6 23,3 15.4 2.3 11.0 100.0 100.0
1975 76.1 72.7 20,6  15.0 3.3 12.3 100.0 100.0
1976 75.6 74,1 19.6  13.3 4.8 12,6 100.0 100.0

SOURCE: Canada, Department of Fisheries and Environment,
Economics Branch, St. John's




QUANTITIES OF SEAFISH LANDING, NEWFOUNDLAND,

SPECIE S

Cod

Redfish

Small Flatfish
Greenland Turbot
Catfish

Other Groundfish

TOTAL Groundfish

Herring
Caplin
Mackerel
Salmon

Other Pelagic Fish
TOTAL Pelagic
Squid

Lobster

Queen Crab

Shrimp

Other Shell Fish

TOTAL Shell Fish

SOURCE ;

I T T

TABLE 1.6

1976

QUANTITIES LANDED-LBS.

INSHORE
196,261,454
1,802,149
11,340,174
9,053,241
620, 590
881,379

219,958,987

28,363,714
9,034,872
8,463,113
4,436,614

693, 947

50,992,260

21,827,726
4,968,933
1,596,742

Lik,375
66,024

28,873,801

OFFSHORE

67,335,931
86, 547,932
170,774,740
12,437,606
5,384,269

2,431,068

344,911, 546

79,489,345
12,157,326
3,336,221

880,176
95,863,068

886,438
5,272, 560
242,793
106,149

715,819
7,223,759

5t. Jehnts:

1975-1976
L9735
QUANTITIES LANDED-LBS.

INSHORE OFFSHORE
138,675,956 32,233,052
1,802,785 88,436,213
7,175,410 134,492,449
7,611,845 10,045,688
371,056 2,994,985
1,375,319 2,429,321
157,012,371 270,631,708
26,835,627 66,802,082
9,610,309 507,377
5,298,497 1,454,046

L, 505,890 -
D274 351 412,240
46,577,674 69,175,745

71052'522 -

31?38!381 Sy
2,069,393 2,363, 581
280,784 2,744,681
15,897 8,681
13,156,977 5,116,943

Canada, Department of Fisheries & Environment,
Economics Branch,
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1970 (Table 1.5). In 1976 the pelagic fisheries made up approx—
imately 20% of the total volume. As earlier mentioned, herring accounts
for most of the landing im the pelagic fisheries, hovwever, other major

pelagic species are; caplin, mackerel and salmon (Table 1.6}).

The Newfoundland shellfish fisheries has been fairly stable
in total, if the effects of squid landing are discounted. In squid
landing there have been years vhere it has been virtually nonexistent and
others where it was fairly high such as 1976. Today the shellfish
fishery méke up in the order of 2 to 3 percent of total landing vhile
contributingll to 12 percent in landed value as vould be expected
(Table 1.5). The major species of the shellfish fishery in 1975 and

1976 vere squid, lobster, gqueen crab and shrimp (Table 1.6).

In addition,to the actual species of fish landed it is equally
important to consider the mumbers of fishermen and values of vessels
and gear utilized. Over the past 15 to 20 years the number of fishermen
engaged in the Newfoundland fishery has shovn an increasing trend from
1956 to 196/, ard then declining fairly steadily, howvever, 1973 showed
signs of another increasing trend (Table 1.7). Copes (72) points

out in The Resettlement of Fishing Communities in Newfoundland that

employment in the fishery is related to the level of unemployment.
When tnemployment is high, Newfoundlanders go into the fishery while

they leave the fishery vhen there are employment opportunities else-

vhere,

The value of fishing vessels employed and investment in fishing
gear show a somevhat different trend (Table 1.8). The trend in both

Cases has generally been upvard.
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TABLE 1.7
NUMBER OF FISHERMEN IN NEWFOUNDLAND SEA

1
FISHERTES, BY EXTENT OF EMPLOYMENT,

1955 = 1973
YEAR FULLTIME PART TIME OCCASIONAL TOTAL
1955 - - - - - 16,000
1956 - - o e 14,956
1957 - - - - - - 16,469
1958 - - - - - - 18,364
1959 - - - - - - 18,430
1960 - - e == - - 18,291
1961 - - - - - 18,756
1962 13,181 3,466 3,170 19,817
1963 14,714 33515 3,178 21,407
1964 15,897 3,520 3,198 22,615
1965 14,299 4,364 3,038 21,701
1966 12,673 4,094 3,519 20,286
1967 12,138, 4,191 3,485 19,814
1968 11,372 L,062 3,921 19,355
1969 1,958 8, 560 7252 17,770
1970 1,855 7,282 8,628 17,765
1971 1,024 5,024 9,913 15,961
1972 712 4,105 9,635 14,452
1973 903 3,996 10,414 15,313
1) The classification of fishermen beginning in 1969 is based on the
time spent in fishing activities, as follows: fulltime - 10 months
or over: part time - 5 to 10 months; occasional - less than 5 months.

Prior to 1969, the concept of occupation rather than time spent in
fishing activities was used; the term "fulltime","part time" and
"occasional" referred to fishermen for whom fishing was the "only'
"main" or "secondary" occupation, respectively.

- - not available

SOURCE: Canada, Department of Fisheries and Environment,
Annual Statistical Review of Canadian Fisheries,

Volume 9, 1955 - 1976.
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TABLE 1.8

VALUE OF FISHING CRAFT AND

INVENTORY VALUE OF FISHING GEAR IN NFLD.

YEAR
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
SOURCE:

1955 - 1973

VALUE OF FISHING
CRAFT ($'000)

10,000

9,426
10,002
10,481
10,711
11,512
11,004
12,494
16,739
18,884
25,140
30,669
52,234
58,412
55,740
53,674
50,608
57,091
70,849

VALUE OF FISHING
GEAR ($'000)

L, 200
4,294
b, 674
5,164
5,286
5,636
5,982
6,213
6,606
7,321
10,028
9,614
9,300
9,428
9,168
10, 512
11,257
13,311
14, 578

Canada, Department of Fisheries and Environment
Annual Statistical Review of Canadian Fisheries,

Volume 9, 1955 - 1976.
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1.5 Newfoundland Seafish Processing

N 5.1 General Background to Newvfoundland's Seafish Processing

We have looked at the Newfoundland seafish fisheries in terms
of the species groups landed. We now briefly examine the fish
processing industry in terms of the types of products that are produced.
There are basically eight different categories of types of product
that are separated by nature of the production process involved or
species utilized. Data on these major categories of seafish products

produced are showvn in Tables 1. s 210 md 1,11,

Frozen seafish products are by far the most important type
of output for the processing industry. There has been a noticeable
upvard trend in recent years with the apparent levelling off caused
by non-increasing total groundfish catches. The value of frozen sea-
fish products howvever, has generally increased over the years. In
1975, frozen seafish products accounted for 67 percent of the total

seafish products.

Production of salted and pickled seafish products, while
holding second place in terms of value of output, has urndergone a
significant overall decline in volume. These outputs are made up of

salted groundfish and pelagic species, primarily herring.

Next in importance is fresh seafish products. The output of
these products have been continually increasing with the main species

being cod and salmon.

Fishmeal and oil production are next in importance. These products

are by-products of filleting and freezing operation, however, their output



TABLE 1.9
QUANTITY OF SEAFISH PRODUCTS, BY TYPE, NEWFOUNDLAND, 1961-1975

Fresh Frozen Smoked Salted Pickled Canned Meal _0i1 Other
YEAR ('000 1bs.) ('000 1bs.) ('000 1bs.) ('000 1bs.) (bbls.) (cases) (tons) (gals.) ('000 1bs.)
1961 13, 561 65,082 896 72,752 24,393 4,984 9,654 753,873 27,231
1962 24,301 73,879 812 86,031 21,577 2,790 10,962" 650,483 1,062
1963 17,045 79,105 647 8L, 694 22,602 1,884 11,513 801,641 22,499
1964 16,165 84,757 661 70, 522 75,244 1,554 12,939 627,051 35,804
1965 12,053 108, 566 b1k 60,419 24,460 1,570 17,464 511,574 27,729
1966 14,094 122,060 485 55,137 34,158 1,963 20,59 463,502<1) 22,502
1967 12,632 104,103 321 50,065 27,355 2,020 29,455 21,417 2L, 432
1968 14,443 130,972 431 45,478 18,196 2,212 48,301 32,474 10,160
1969 12,459 141,261 W7 39,891 38,789 1,804 53,306 32,958  48,003(%)
1970 15,662 148,102 134 2k, 490 120,913 7,955 50,565 28,641 48,004
1971 21,071 142,389 57 18,653 163,141 5,541 38,490 23,069 53,565
1972 16,078 128,828 344 14,642 158,092 12,027 25,028 8,727 39,446
1973 15,278 141,629 214 13,066 126,232 10,809 25,496 11,157 Ly, 204
1974 18,270 102,937 323 10,770 110,948 7,692 18,802 5,674 33,482
1975 15,630 116,578 364 10, 571 74,079 7,563 18,229 8,064 25,823

(1) Quantity of 01l in 1966 in '000 1bs.
(2) Frozen Offal for Animal Food Included From 1969 on.
SOURCE: Canada, Department of Fisherles and Environment, Economics Branch, St. John's.,




TABLE 1.10

VALUE OF SEAFISH PRODUCTS, BY TYPE, NEWFOUNDLAND, 1961-1975

($'000)
Smoked &  Meal & (1)

Year Fresh Frozen Salted Pickled Canned 0il Total

1961 I, 401 15,060 9,839 717 205 1,261 32, 589

1962 5,199 17,525 13,103 653 183 1,57 38, 384

1963 5,911 19, 501 14,211 - 702 155 1,843 43,020

1964 6,332 21,007 12,621 2,224 170 1,904 145,600

1965 6,147 28,471 11,968 772 127 2,825 51,437

1966~ 6,899 32,845 13,201 1,000 182 3,543 58,862

1967 6,373 26,479 12,402 996 160 5,767 53,196

1968 7,803 37,249 11,072 572 192 8,751 61,052 2
1969 8,089 39,469 9,667 1,143 178 9,613 68,625 !
1970 10,284 47,377 7,220 3,916 509 11,087 81,6u6

1971 10,524 59,537 6,419 Iy, 814 295 8,340 92,776

1972 10,346 65,345 5,969 7,448 698 4,924 98,382

1973 8,141 98,069 7,620 7,479 1,240 9,700 143,541

1974 11,321 71,520 9,040 7,701 957 6,841 113,070

1975 13,357 79,797 8,065 5,782 900 6,284 118,514

Note: (1) Total includes other seafish products (mainly bait) and frozen animal food
after 1969 but excludes other marine products such as seal skins.

SOURCE: Canada, Department of Fisherles and Environment,
Economics Branch, St. John's.,



TABLE 1.11

VALUE OF SEAFISH PRODUCTS, PERCENTAGE DISTRIBUTION BY TYPE, NEWFOUNDLAND, 1961-1975

Smoked & Meal &

Year ~ Fresh  Frogen Salted Pickled Canned 0i1  Other  Total
1961 13.5 46,2 30.2 2.2 o7 3.9 3.9 100.0
1962 13.5 45.7 34,1 1.7 .5 b1 N 100.0
1963 13,7 45,3 33.0 1.6 .3 4.3 1.8 100.0
1964  13.9 46 .1 27.7 4.9 N 4.2 2.8 100.0
1965  12.0 55.4 23.3 1.5 % 5.5 2.1 100.0
1966 11.7 55.8 22.4 1.7 .3 6.1 2.0 100.0
1967 12,0 49.8 23.3 1.9 3 10.8 1.9 100.0
1968  12.8 52.8 18.1 .9 3 14,4 e, 100.0
1969  11.8 57.5 14,1 L7 2 14,0 .7 100.0
1970 12.6 58.0 8.8 4.8 L 13.4 1.7 100.0
1971 iy 64.2 6.9 5.2 23 9.0 3.1 100.0
1972 10.5 66.4 6.0 7.6 .5 4.9 4.0 100.0
1973 10.6 68.3 5.3 5.2 .8 6.7 ¥l 100.0
1974 10.0 63.2 8.0 6.8 ¥ 6.0 5.3 100.0
1975  11.2 67.3 6.8 4.8 k, 5.3 3.9 100.0

SOURCE: Canada, Department of Fisheries and Environment,
Economics Branch, St. John's.
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+o a large extent is dependent on the herring industry.

The last two categories of seafish products are smoked and
canned outputs. The canned products have been primarily crab, while

the smoked output caters to a specialized market.

The degree to which most products are processed are dependent
primarily on the export market. Because of the population size of
Newfoundland and Canada, except for the central Canada area, there is
no significant market in Canada for the industry's output. The main
market for Newfoundland fish products has been the United States +here
import restrictions are placed on processed products. It is doubtful
however, that the Newfoundland processing industry, as a whole, would
have the financial and technical capability to produce highly processed
products if a market did exist. This accounts to a fair extent the
importance of frozen and cured products in the total output of the
industry. This dependence on one major market for the majority of
sales however, has resulted in a number of periods of market crises

in the past, the most recent being the 1967 — 69 and 1974 - 75 periods.

1.5.2 The Frozen Seafish Processing Industry

The inshore frozen processing industry consists mainly of
grourdfish and pelagic with some shellfish. The main species pro-
Cessed are cod, greysole, flounder, herring, mackerel and squid.

Each particular freezing plant does not necessarily process all
these species, however, they do normally operate with a vwide variance
of speciestypes because of their dependence on the inshore fishery.

The normal production process for processing these species is showmn



in Figure l.1. This process is commonly called "The Production of

Fish Fillets®

The production of fish fillets consists of the following
ctages: unload fish from ships hold; de-ice and sort; dress, wash
and weigh; filleting (cut); skinning; weighing; trimming; pin bone
removal; sorting; polyphosphate dipping and reighing; packing;
freezing and storage. The processing of fish fillets in Newfoundland

is labour intensive rather than machinery dependent.

After the fish are unloaded at the vharf they are transported
to the processing plant vhere they are first sorted by size and species,
dressed (removal of the gut from the fish) if necessary, washed and
veighed before further processing. Whether fish are dressed at the
freezer plant depends on the distance of transportation from rharf to
the processing plant and the particular plant's policy on the buying of
undressed fish. To preserve quality, the fish should be dressed as soon

as possible upon harvesting.

The filleting of fish is normally done manually, using a very
sharp knife as described pictorially in Figures l.2a and l.2b. Filleting
machines are available for filleting fish, however, at present they are

not being used extensively in inshore freezer plants.

After the fish are filleted, the fillets which have skin on one
side are veighed and skinned. A skinning machine is used for removing the
skin from the fillets. The fillets are then trimmed and the pinbones
are removed. The trimming operation removes fins, lugs and blood marks

“hiich may be left on the fillets during the filleting operation. Pin
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UNLOAD FISH FROM SHIP'S HOID

l

DE-ICE AND SORT

\
DRESS! WASH AND WEIGH

offal Y
(Head & ~  FILLETING (CUT)
Bone) 1
SKINNING
Y
WEIGHING

TRIMMING, BONE, SORTING

|

WEIGHING

|

> PACKING

|

FREEZING

|

STORAGE

Boxes and
other Material

Figure 1.1 Operation Chart for the Processing Operation of Fish Fillets

1 Offshore fish is usually gutted.

Inshore fish is often not gutted and therefore requires gutting on
shore, :



Fillet pan

cutting
table

Figure 1.2a

Filleting operation - cod

operator

Filleting operation:

1) Get and put fish on
table (IH)

2) Fillet side no. 1
(1H & RH)

3) Place fillet in pan
(LH)

L) Turn fish 180°
(IH & RH)

-42Z-




Fish box

Fillet pan

cutting operator
table

Figure 1.,2b Filleting operation - cod

Filleting Operation

5) Fillet side no. 2
(LH & RH)

6) Place fillet in pan
(LH)

7) Place head and bone
in the chute (RH)
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pones are removed by making a V-cut using a sharp knife. Prior to packing,
the fillet is dipped in polyphosphate vhich protects the fillet later

vhen it is thawed.

Depending on the type of species and pack required by the
consumer, the filleis are sorted by size, weighed and either packed
jn 1 1b. and 5 1b. boxes, 13 1b. and 16 1lb. fillet blocks or individually
(quick) frozen. The fillet boxes or blocks are frozen in plate freezers
vhereas the individual fillets are frozen by passing them through a
tunnel of cold air (—AOO to —6000). The fillets are then held in cold

storage until shipped to markets.

The by—-products from the dressing, filleting, sckinning, trimming
and pin bone removal operations are sent to the offal plant vhere fish-

meal is produced.

With regard to the Newfoundland Fishery, the market restrictions
control extensively the degree of processing of any species. Some species
in particular, herring, mackeral and squid are exported mainly in a

frozen round state (Figure 1.3)

Species such as crab and shrimp folloy an entirely different
processing method, but do use the plant's freezer and cold storage

Tacilities.

The inconsistent supply of any one speciesin the inshore fishery
has resulted in Newfoundland freezer plants becoming multi-specieS
processing plants. The production process for the species is set up
SO0 they are readily adapted to many species which change frequently.

Most plants have one section for the filleting of fish wvhile other sectors
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are used for the processing of species such as crab or shrimp. The
1abour required in these processing plants is mainly semi-skilled,
thus workers normally perform many activities vhich may frequently

changee.

UNLOAD FISH FROM SHIP'S HOLD

| |

DE-ICE AND SORT

|

DRESS, WASH AND WEIGH

Y
PACKING
Boxes and !
Other Material —  FREEZING
\
STORAGE

Figure 1.3 Operation Chart for the Processing Operation of Round fish.
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CHAPTER 2

PURPOSE OF THE STUDY

#.1 Introduction

The quantity of marine renewable resource (fish) in the sea
at any particular time depends on the inflow and outflow of fish to
the area. The inflow rate of fish depends on the rate of spawned eggs
and inward migration. The outflow rate depends on the death rate due to -
natural causes, pollution, predation, outward migration, and the quantity
of fish harvested. The difference between these inflow and outflow
rates determines the level this resource will attain at any par-

ticular time.

The resource is harvested by small and large vessels usling
sophisticated electronic detection devices, where it is processed
either on board or brought to shore based plants. Many different
kinds of end products are produced depending on the market requirements
and demand. Technology and human employment is inputed at various

stages of harvesting, processing and marketing operations.

The type of equipment and human skills used for harvesting and
Processing on board the vessels are nets, fish containers, captains,
Seamen, freezing facilities a.nd equipment, etc. The marine resource is
Unloaded at wharf, which again requires equipment and human skills, such
as unloading equipment, containers, hoist operators. The transportation
and stowage operations require trucks, plant freezers, cold room holding

facilities, and laborers.

During the transportation, storage and unloading operations,

Some amounts of marine resource are rejected due to the type of technology
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used and the efficiency of equipment and human effort. The rejected
marine resource is converted into fish meal production, further
Processed into other products, or discarded to decay and/or recycled in

the sea.

The processing of fish into various consumer products depend
on many factors such as market demand, availability of raw material,
plant processing capacity, labour availability and efficiency, quality

requirements, cost of raw material and labour, selling price, etc.

Depending on the type of product, the quantities for'harvesting
and production of goods, hiring rates for personnel, provisions for
factory space, purchase of equipment, vessels, gear; payment of

money, etc., are determined.

The above is not a complete description of a fishery operation,
however it is a start upon which a more elaborate framework can be

developed.

The concept of developing a dynamic model of a fishery operation
can be considered new to the Newfoundland scene. Though the techniques
of dynamic modelling have been known for some years now, its application
to real world problems have been few. The main difficulties in its
application have been the enormity and complexity of such problems and

Particularly the nature of the dynamic behavior of industrial systems.

The Newfoundland fishing industry, though it may not be considered
enormous compared to some other industries in Canada or elsewhere, has
Bany variables which are complex and at time significantly interact

With each other, as well as with the external environment.

Presently there are certain marine species which are over-exploited
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and other species which are under or un-utilised. It would be desirable
to control the harvesting of an over-exploited species, however a change
in harvesting effort will interact with the economics of processing and
marketing operations. In the case of under or un-exploited species,
research and development may be required in designing new or better
techniques and skills, equipment and machinery, different types of

products, different approaches to distribution and marketing.

The changes in market demands such as quantity, quality, price,
delivery, etc. and the speed of response from distribution, processing
and harvesting to such changes may depend on the inertia of individual
components and the synergy of the fishery system. 1In real world
situations the fishery system may either over respond or under respond

and some times various parts of the system may not work in unison with

each other.

An azdvancement in technology (automation) applied at a part of
the total system may beneficially help the economic viability of an
area, but it may in the short or long term adversely interact with,
for example, resource availability, markets, employment and perhaps

the social viability of a community.

Education and training of people working in the industry should
assist in up-grading their knowledge and the understanding of the
fisheries. As their level of knowledge and understanding increases,

S0 would one expect thelr efficiency of operation and management to

increase,

Society's acceptance of employment, individual and corporate
€arnings, job security and satisfaction, economic growth, migration,

e " z
tc. are in some way reflected by socio-economic programs. The extent
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to which these programs affect the fishery system depends on the degree
of jnteraction within and between resource exploitation, processing
jnto end products, technology used, human employment, corporate
viability, community viability etc. and such interactions may at times

pe accentuated by external envirorment.

The above are a few examples which depict to some extent the

dynanic nature of the real fishery system.

2.2 Problem Areas in Fish Processing

Some of the problems associated with the operation of an inshore
freezer plant are namely:

- Buying of raw matei'ial

- Processing of raw material

- Selling of the finished product

One of the major problems associated with the buying of raw
material is the seasonality of the inshore fishery. ©Since the inshore
harvesting season is mainly a six month operation, the fish plants
have to make sufficient revenue to coveroverhead expenses for the
remaining six months they aren't operating. To help cover these expenses
some Newfoundland inshore processing plants process blueberries in the

off season where they make use of the plants' washing, freezing, packing

and cold storage facilities.

Due to the particularly small size of the Newfoundland inshore
boats, the climatic conditions dictate whether a fisherman would go
out fishing or not on any particular day during the fishing season.
TO‘hel_p alleviate this problem of fluctuating quantities of raw materials,

Plant owners normally buy fish from different areas which are transported
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by road to the particular plant.

In the Newfoundland inshore fishery the quantity of any one
speciecmay fluctuate rapidly from day to day, and from seascon to season.
This problem requires the processing plant to buy many different species

to help guarantee a steady volume of raw material.

The quality of the raw material is of prime importance to any
fish plant processor. The quality of raw material will to a large
degree govern the finished product market value. The prime causes
of bad quality raw material are as follows:

- Unsanitary vessel holds

- No protectiocn given from sun and weather

- Use of pitchforks

- Stowing fish too high

- Lack or improper use of ice

- Fish not bled or gutted on removal from water

- Fish left too long in gillnets .

- Use of open trucks to transport raw material to fish plant

As one would expect, the processing sector depends primarily on
the supply of raw material coupled with a market for the finished product.
There are however some problems adherent to the processing sector. :One
of the prime objectives of the inshore processing industry is to get
the most economical return for the raw material bought. Fish plant
Owners are continually trying for ways of increasing yields by reducing
Waste. An increase of only one per cent of finished product yield to
Tew material means considerable added revenue to the plant. At every
stage in the production of the finished product, waste is occurring, of

Which filleting and trimming are the greatest.
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The scheduling of production is also of prime importance in
ne inshore processing plants. 5 was discussed previously, the quantities
and speciestypes change continuously, thus there is a continuous
fluctuation in production. Since fresh fish with gut removed will
normally retain its quality for only two days, it must either be processed
within this limit or an inferior quality product will be realized. A
fish plant normally will only buy up to its production capacity,
however some Dplants freeze excess raw material if there is freezer and

cold storage facilities available.
The most critical day of the week for buying of raw material

is Friday since Friday's raw material must be processed prior to noon

on Saturday since fish plant workers will not nommally work Saturday

afternoons and Sundays. Fish that is bought on Saturday is normally

processed on Monday.

The quality of the raw material significantly affects the
overall quality of the finished product, however it is the processing
sector which passes the finished product onto the consumer. If high
quality at the processing sector is not retained, such as segregation
of bad quality raw material, removal of parasites and pin bones, then

only the processing sector is responsible for an inferior market price.

There are naturally many other problems in the processing sector
Such as labour unrest, machinery breakdown, accidents, etc., however
they are not classified as major problem areas in the fishing industry.

The main market for Newfoundland fish products has been United
States, which have resulted in a number of market crises. To eliminate

Periods of market crises, the processing industry must attempt to obtain
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a more diversified market where the industry as a whole will not be

o) susceptable to wide fluctuations in prices and demand.

2,3 Operation of a Fish Plant From a Manager's Viewpoint

In today's highly competitive fishing industry, a fish plant
manager must operate his plant to maximum efficiency and take whatever
action he deems necessary to keep ahead of his fellow competitors.
There are limited Fish resource and markets available and if he doesn't
remain competitive, other fish processing plants will force him out of

business.

To keep a competitive edge, a manager must have two basic manage-
ment skills, a technical skill and a predicting (forecasting) skill.

Both skills are very important to the success of a particular manager.

The technical skill consists of performing the everyday
activities of keeping the production process going. A partial l1list of

such activities could include the following:

- Buying of raw material
- Obtaining appropriate labour and machinery
- Obtaining sufficient orders

- Allocating of appropriate skilled personnel to the different
sectors of the plant

- Removal of work stoppages caused by machinery breakdown,
labour, etc.

- Paying current accounts

- Following a general accounting system for the fulfillment
of government regulations

- Producing budgets
The other basic skill is one of predicting or forecasting
¥hat actions should be taken under the existing conditions. Managers

today continually ask the following question:
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If I take a particular action, what will be the results and are

they desirable or undesirable?

A partial

list of applications of this question could be:

What if there were a labour strike at my plant?
Will T meet all my market requirements?

Is there sufficient labour available?

Should I introduce a labour incentive system?
Should I be processing other species?

What is my profit margin per species?

What if a particular piece of machinery breaks down?
What if there is a bad harvesting season?

Do I have the cash required?

Should I expand and if so where?

Are my market areas stable?

Am I too dependent on one speciecz?

Am I too dependent on one market?

If excess raw material is available, should 1 freeze and

process later?
What if new technology was applied to my plant?

What is the effect of an increase in finished product yield
to raw material?

What is the effect if my plant was more mechanized?

Which sector of my plant is the limiting factor on the
quantity of production?

What is the effect of spoilage?
What is the effect of changes in selling price of the product?
What is the effect of change in demand of a particular product?

What 1s the best product price?

2.4 Objective of the Study

The obJective of this study is to develop a computer model, which

Would be able to simulate a fish processing operation with various input

Parameters. These parameters would relate to raw material quantities

and prices, finished product order demands, selling prices, labour
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Productivity, labour rates, plant and equipment capacities and other

variables of the processing operation.

Some of the above mentioned factors are considered to be time
yariant and interact with each other in some related way. Because of
the multi-factor, inter-dependent and time-variant characteristics of
the production system, the intuitive or analytical econometric methods
used by management in establishing processing strategies cannot
adequately provide a basis for rational decision making in optimising its
goals. The development of a computer model would therefore assist the
processing operator to simulate the interactions betﬁeen the various
variables and indicate possible consequences without recourse to

actual actions.
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CHATPTER 3

APFLICATIONS AND A CRITICAL REVIEW OF SYSTEM DYNAMICS

3.1 Background to Systems Applicationsin the Fishery

Applications of systems modelling in fisheries have mainly been
in the area of ecosystems and resource management. Some of the approaches
used in the modeling process have been based on intuitive mental methods,
macroscopic statistical formulations, computer simulations and math-
ematical analysis based on control system theory. Although each of
these approaches is considered to be reasonable in relation to the
enormity and complexity of the variables, none could be considered
comprehrensive enough to be a functional tool that a policy-maker can

use in arriving at concrete decisions.

Some of the early applications in the use of computer in
estimating fish stocks were by Beverton and Holt (1957). Later other
research investigators refined Beverton - Holt's equations for
estimation of yields and harvesting strategies, (Anderson, et al 1973,

Ursin & Anderson 1975, Beyer & Lassen 1975).

System analysis has been successfully applied to the scheduling
of fish trawler operations, (Haywood & Farstad 1976, Nickerson 1970).
The White Fish authority of the United Kingdom has been using a
simulation approach and other computer applications in the fisheres
since 1965. Work carried out in this field include computer-aided
Cartography, analysis of trawler log data, statistical analysis of

fishing data, trawler design, and computerisation of fishery business

NManagement .

The need for the development of simulation models for fisheries
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planning was recognized by the Food and Agriculatural Organization

(FAO) at its meeting in Rome in January 1975. A recent study as a
result of this FAO meeting has been the computer modelling of the
sardine fishery in Morocco (Haywood & Farstad 1976). The main objective
was to investigate, using model simulation, the likely outcome of
different kinds of policies to assess the economic viability of all
technically feasible thions. This study was to indicate various
development strategies regarding location, composition and phasing of
the industry, showingimplications on costs and benefits for the

government and private enterprise.

Weissman, Kalan and Platts (1972) suggested the use of systems
dynamics as a tool for resource management. They applied this technique
to the study of Atlantic Menhaden Fishery. Although the model developed,
as a case study, was incomplete at the time of publication (1972), enough
work was performed and illustrated to conclude usefulness of systems

dynamics as a simulation tool in the study of the fisheries.

Some of the operations research techniques such as linear
Programming, statistical and time series forecasting techniques,
queuing theory, etc., could also be applied to certain problem sit-
vations in fishery operations. For example, linear programming could
be applied for establishing optimum product mix, product distribution
allotment or capital budgeting. Queuing theory could be applied
to problems related to trawlers arriving and waiting at wharf for
Wnloading and fueling.. Forecasting techniques could be applied to
Prediction of future order demand for fishery products. In the use

°f many of these operations research techniques, certain assumptions
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pave to be made in establishing mathematical models. These assumptions
nay Or may not be realistic in relation to real world situations. In
some cases the assumed values of the parameters may remain constant

for a certain period of time while in other cases, they continually
change. Under a time-variant situation, the derived optimum solutions
obtained through the use of deterministic mathematical models could

not be considered to remain optimum. Thus, the use of such techniques

have to be limited to problems of a static nature, where significant

parameters do not change drastically within a certain period of time.

Though literature survey glves a great number of examples in
industrial applications, none have been observed to be specifically

connected with the fish processing operation.

3.2 Simulation Models in Industry

Simulation, as a technique, i1s one of the most talked-about
methods in the field of management science. During the past decade,
simulation has been increasingly applied to a widespectrum of industrial
problems, both theoretical and practical. In spite of the clear and
growing use of simulation in industry and business the full potential
of this technique remains largely unexploited, at least insofar as can
be ascertained from the applications described in the literature. The
reasons for this aie numerous. Industrial phenomena are complex processes
and not clearly understood for some areas. Sufficient knowledge of the
effects of many variables has not been generally available and such

relationships are necessary to the construction of viable and meaningful

model g,

Even though detailed knowledge may not be available, one should
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not preclude the fact that the nature of the process of identifying

the various variables and constructing the model logic, in itself is

an extremely valuable process. At least in the beginning the process
would identify where reliable data and interrelationships are available
and understood. Where data are considered doubtful, then proper
procedures and information data gatering systems can be developed

to obtain more reliable data. The process of data gathering, updating,
validating and testing is a continuous operation, which the manager has

to undertake in any case, in decision making.

Simulation models can be classified as follows:

1 Purpose
a) Prognostic models

b) Process or behavioral models

2 Degree of System Definition
a) Tactical models
b) Strategic models

3 Structural Characteristics

a) Static/dynamic models

b) Deterministic/stochastic models
c) Aggregate/non—aggregate models
Almost all simulation models constructed have as their ultimate
aim a predictive capability. Prognostic models are primarily intended
to simulate the result of a system, whereas process models seek to sim-

UWate the dynamics of the system itself as well as future results.

In a tactical model, one 1s generally interested in exploring
the impact of alternate decision rules or parameter values within well-
defined and well understood structures. The strategic model applies

When there is an interest in exploring the behavioral properties of



IIIIIIIllllIlIlIIIIllllllllllllllIllll!E!!-lIIIIllllllllllllllllllllllllllllllll-----

311-defined problems involving the elements and relationships which

are poorly understood. Here certain behavioral relationships are
assumed in the model and is then tested against reality. The emphasis,
as with process models, is on understanding the dynamics of a system so
that a theory can be constructed. Once the theory has sufficiently
been validated, the model can be used to simuiate the outcomes of the

system under a wide variety of conditions.

A static model would seek to describe or predict some response
of a system as 1f it occurred at a single instant of time. A dynamic
model would seek to explore the changes occurring within the system

over some period of time.

A deterministic model would contain no probabilistic elements. A
stochastic model would contain one or more elements, or mechanisms,

involving random or probabilistic characteristics.

An aggregate model is so structured that it can only answer
questions of an aggregate nature. A non-aggregate model is so constructed

as to yield information of a more detailed nature.

Solutions to complex problems can often be obtained more readily
through simulation than by analytical sclutions. Simulation overcomes
the deficiencies of other methods for dealing with complex, interacting,
dynamic processes which industry generally entails. This technique
utilises a set of mathematical and logical relationships which represent
the essential features of the process belng studied, howevexr complex

these relationships may be.

Simulation offers an opportunity for relatively inexpensive

€Xperimentation. A simulation permits one to conduct a series of
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experiments on a computer, using the model developed to describe some

process without recourse to actual field studies.

Analytical models which can yield optimum solutions can frequently
pe developed as a result of simulation studies. In developing and using a
simulation model, insights are gained which, in turn, permit meaningful

analytical solutions.

The non-technical manager can comprehend simulation easier than
a complex mathematical analytical model. In general, a simulation model
is simpler to understand and explain, for it in essence describes the

behaviour of some process or phenomena.

Simulation has already been applied in many diverse areas of
1ndustry: Nef applications are being developed continually. Major
potentiél areas of application are in strategic and long-range planning.
The major advantage and stimulant to the use of simulation in industry
lies in its ability to deal with complex, dynamic and interacting .
Phenomena which are characteristics of industrial entexrprises. IT
the processes permit adequate description, they can be modeled and
simulated on the computer. Present trends are towards on-line simulations
wWhich can be set up by using time-shared computing facilities with
continuous or discrete input data fed to the system. Such on-line
facility provides for the provision of an adaptive component in order

to account for changing nature of the industrial process.

3.3 A Critique of System Dynamics

The proposed study has attempted to use system dynamics in a
Part of the fish processing operation. Before a detalled description

of system dynamics is illustrated (see next chapter) it would be



appropriate to review in detail the historical development, concerns
and critical analysis of some of the applications of modelling in

jpdustry and urban planning.

Although general in concept, Forrester's techniques were
developed for use in modelling social and economic systems for which
comprehensive dynamic models were not available. The first reported
application was to the modelling of business-industrial systems
(Forrester 1961) which was heralded as "a major break-through for
decision maker" (Forrester 1958). During the period from 1958 to 1968
"jndustrial dynamics" was further refined and application made to a wide
variety of problems in management analysis. The state of the art at this
point in time 1s given by Forrester in "Industrial Dynamics - After the
First Decade!] (1968). Also during this time, there was a growing body of
literature providing a wide range of viewpoints on the nature and use-
fulness of the new techniques. A detailed critique of industrial
dynamics was provided by Ansoff and Slevin (1968). While it was conceded
that industrial dynamics is one way of looking at the behavior of firms
by means of simulation, in some cases the feedback structure may not be
the most applicable or useful. Further, it was felt that there was little
evidence of industrial dynamics claim to the status of a "general systems
theory" 1In Forrester's response (1968), it was argued that in many instances
not reported in the open literature, industrial dynamics had proven useful
as a decision-making tool, especially where the modellers were ex-—
Perienced in the use of the techniques. In this regard, Ansoff and
Sleven (1968) agreed that industrial dynamics suggested a promise of
advantages which would result from a better understanding of the nature

°f industrial systenms.
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In 1969, application of system dynamics to the study of urban
dynamics wWas reported Forrester 1969). Forrester's urban model has
since been the topic of numerous articles reflecting two distinct
phases. The first was a series of critiques based on Forrester's results
jnspired by the fact that the response of the urban model to certain
stimuli was contrary to popular belief among some urban specialists
(Kadanoff 1971). The second phase of the response to "urban dynamics"
has been the result of further development of the urban model for
yuticular urban areas for which validation could be undertaken by
both system dynamics specialists at M.I.T.'s A.P. Sloan School of
Management and by others. It now appears that validation attempts
have fully Jjustified the urban dynamics models' "counter-intuitive

behavior" (Porter et al, 1972).

Since 1971, attention has been focused on the "world model"
developed at M.I.T. by Forrester (1971) and " The Limits to Growth"
by Meadows et al, (1972). In addition, elaborations on several of
the world model subsystems such as natural resources utilization
(Behrens) and DDT movement in the environment (Randers & Meadows)
have been made. The reaction to these models as reliable forecasting
alds has been generally critical, as was the case in the initial phase
following the development of the first urban dynamics model. As
Warfield (1972) has pointed out, there are a limited number of ways
to scientifically attack the world model (or, indeed, any model):
First, one may question whether the model is sufficiently inclusive
(1.e. are there missing elements which affect directly those elements
included in the model?); second, one may question the synthesized

Telations assumed in the model; +third, one may question the modeller's
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judgement of the desirability or undesirability of the state of the
world predicted by the model as a result of certain inputs. Regarding
the question of inclusiveness, the world model obviously does not con-
sider & variety of elements generally described as "social feedback"
Qerlemans et al, (1972) have demonstrated the stabilizing effect of

one type of such feedback on the model's behaviour. There remains,
however, two facts which 1imit the ability for dynamic models of

social systems to be fully inclusive. First, many relations which

are qualitatively described by social scientists are difficult to
quantify and synthesize as structural elements. Second, the present
state of knowledge in the social scliences may be such that even
qualitative descriptions of some soclal processes are not available.
However, a multi-disciplinary approach to the modelling building task
will enable the social scientists to provide what information that is
available about these processes. On the question of the correctness of
the synthesized relations, only appropriate experts are qualified to
comment. It cannot be overemphasized that a multi-disciplinary approach
to the model analysis and synthesis stages is of paramount importance
(Young et al, 1972). The question of model inference can be answered
if the model builders relinquish the formation of value judgements

Concerning model inferences to the policy makers.

It may be useful to point out that the application of system
dynamics to the modelling of animal population dynamics has been
investigated (Peppard 1972), and appears to offer considerable hope

in Providing an understanding of ecological system behavior.

In summarizing the criticisms of the application of system
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dyna.mics to the modelling of social and economic systems, there appear
to be two legitimate areas of concern: First, on the question of
jpclusiveness of such a model and second, on the accuracy of the
assuned relations (i.e. the structure) of such a model. It would
appear that as first conceived, Forrester's industrial, urban and

world models were vulnerable on both counts. Subsequent work by multi-
disciplinary teams appears to have refined and properly validated the
original models, particularly in the case of the urban model. It would
appear that much of the criticism traditionally aimed at system dynamics
models can be nullified by proper and careful application of the
techniques by an appropriate multi-disciplinary team. This will ensure
that the resultant model is inclusive for the intended purpose and that

structural relationships are as accurate as is possible.
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CHAPTER 4

DESCRIPTION OF THE SYSTEM DYNAMICS TECHNIQUE

.1 Introduction

A model is a substitute for an object or system. Models serve
pany purposes and can be of any form. Everybody uses them to some de-
gree, even a child when he plays. The main difference is the scope at
which they are used. Any set of rules and relationships that describe
something 1s a model for that thing. In a sense all our thinking de-

pends on models.

Today, models related to social and technologlical systems have
become so sophisticated that the unaided human mind cannot adequately
construct and interpret their dynamic behaviour. System dynamics as
presented here provides a foundation for constructing models to aid

our mental process in dealing with time varying feedback systems.

To say that one can eliminate all problems of model building
by converting mental models to models represented by explicit statements
in the form of flow diagrams and equations is incorrect. However, since

our model is in plictorial form it can readily be followed, validated and

communicated to others.

Since most present day models have nonlinear equations with com-
Plex interrelationships, their analytical and mathematical solutions are
very time consuming and at times impossible to solve, the simulation
Process using step-by-step numerical solution is the only technique
évailable. The simulation technique does not give the general solution

OT tell all the possible behaviour patterns. Instead simulation gives

e
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ne-time history of system operation corresponding to the inputed
one-
mmerial values for the coefficients and initial conditions. For

different conditions another full step-by-step computation must be

ma,de .

82 gtructure of Dynamic System Models

The structure of a subject guides us in organizing information.
The structure of a particular model should achieve the following
objectives:

- Describe any cause-effect relationships that we may wish to
include. ,

- Be of simple mathematical notation.

- Be able to closely depict a real 1life industrial, economical
and social conditions.

- Be able to handle large quantities of varlables readily.

- Be able to handle "continuous" interactions such that any
artificial discontinuities introduced by solution-time
intervals will not affect the results, but should be able
to generate discontinuous changes in decisions when these
are needed.

These obJectives can all be met by use of a closed boundary
which has feedback loops. A closed boundary means that one is only
concerned with model interactions within the system that produces
fluctuations and changes. Bverything outside the domain of the system
that does not influence the model is ignored. One should be careful
that all model interactions:are included within the system boundary.
A1l decisions concerning these interactions within the model are made
¥ithin a feedback loop. It is the interconnecting feedback loops that

Produce g dynamic model.

The building blocks for interconnecting feedback loops are

basica.lly levels and rates. Both are necessary, however, there are

B
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others that are needed to complement the use of these components.

The following sections will discuss in detail each of the

features for the basic model structure.
4.2.1 Levels

A level is shown by a rectangle.

LEVEL

Levels are accumulations within the system. The may be material,
inventories, goods in transit, equipment, factory space, bank balances,
mmber of employees as well as various human, social, cultural and
economic achievement levels. Levels are the present net values of
those variables that have resulted from the accumulated difference
from inflows and outflows during a particular time interval. A level

nay have any number of inflow and outflow channels.

Levels may only be changed by the rates. The new level of a
variable is computed by the accumulated differences of inflows and
outflows over a particular time interval added to the previous value

of the level. All values of levels are computed without the use of

any other levels.

A level is a variable that continue to exist and to have
Beaning in a system once it is brought from a dynamic to a static
State. If all inflows and outflows to a level were to stop, a level
Would continue to exist. Stopping the withdrawal and deposit of money

from a saving account, for example, does not affect the existence of

foney in the saving account.

hu
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Figure 4.1 gives some examples of levels applied to the fishing

industl'y .
-
532539 Quantity of marine resource at a particular
— " location in a given instant of time.

- .
! ? Number of vessels fishing for marine resources at

Yoo < a particular location in a given instant of time.
—
Number of people fishing for marine resource at
)f: ; a particular location in a given instant of time.

Figure 4.1 Examples of Levels as Applied to the Fishing Industry
4,2.2 Flows
Flows are represented by flowlines with each kind of flow line

selected either to suggest the type of flow representation or to

facilitate drawing.

INFORMATION — — — — — — — — — e
MATERTAL -
ORDERS o o ©- - O——O0—»
MONEY —
PEOPLE >
EQUIPMENT =

Flows occur in systems representing quantities that move from
Place to place. The information flow is unique from the other flows

in that there is no actual movement, only information about the
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yariable. The information flow acts as an information linkage that
causes the other flow types to act on one another. Information flow
will contain the generation of various concepts that are inputs to
decision making, such as, desired inventory level, projected size of .

plant, forecast of sales, desired employment level and knowledge for

research results.

The material flow include all flows of physical goods whether

in a raw, semi-processed, or finished state.

The order flow 1s the demand for goods and services. These
orders result from decisions that have not been executed into flows

in one of the networks.

Money flow includes the transmittal of money (cash) between

noney levels.

The personal flow is used as countable individuals not as
man-hours of work. Company policies, labour union contracts and the

availability of people initiate personal flow.

Equipment flow includes factory space, tools and equipment
necessary in the production of goods. It describes the quantity of

equipment purchased, in use and/or discarded.

The following are simple illustrations of flows that occur if
One were to build a dynamic model of a Newfoundland fish processing
Plant that had a normal production capacity of Z 1lbs. of cod fillets

Per day assuming an unlimited supply of raw material, labour, machinery,

ete.,
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Requisitions for Y 1lbs. of cod fillets per day
O = O -0 O s O——O—— O

These orders would come from the customer to the fish plant

manager Who would schedule production for Y lbs. of cod fillets per

day.

Hiring of operators for cod processinﬁ;

Operators would come from the community to fillet round cod
in the fish plant. The quantity of the flow depends on the produc-
tivity of the people hired, the Y orders of cod fillets and the

dismissal rate.

Skinning machines used for cod processing

) o

The flow of skinning machines into operation depends on the
start-up or installation time, breakage, and the capacity of the

piece of equipment.

Order information
—_—— — ——

| Information about the level of orders received would schedule

the rate of hiring.

Flow of cod fillets to custome{f

The flow of cod fillets (finished packed product) to the
Customer depends on the number of people employed and the quantity

of equipment used in the shipping department.

Paymgft re%gived gpr thgtcod fillets

4 ¥ 3= o

The flow of cash to the fish plant depends on the shipping

Tate plus clerical delays in processing payments.




y.2.3 Decision Functions (Rates)

Decision functions are represented by a symbolic valve:

<|___ e e IRETRMATTON - s s s
__ INFORMATION | CONTROL .
VALVE

Decision function detemmines the rate of flow. They act as

valves in flow channels to regulate the amount of flow into and out

of a particular level. These valves serve the same purpose as a valve
in a hydraulic system. The decision function receives only informmation
as its input. An example of a decision function may be the quantity

of a raw material a fish plant prccessor should buy. This decision
might involve the following levels: present finished goods inventory
level, present raw material inventory, backlog of unfilled orders,
available supply of raw material, present employees, average usage

rate, available equipment, plant capacity, cash flow, etc.

4.2.4 Information Take-Off

Information take-off is shown by a small circle at its origin

and by a dashed information line.

AUXILIARY
VARIABLE
LEVEL 5
& |
] |
L INFORMATION . . | INFORMATION .
TAKE-OFF TAKE-OFF

An information fake-off is used only to transfer information

about the magnitude of a variable not to represent flow of contents.




An sjnformation take-off about a variable can be taken without affecting
or depleting that variable. No information flow, only information take-

off, could exist at a level which is not itself information.

For example, an information line leaving a filleted cocd in-
ventory can only be an information take-off since the cod fillet

¢ransport flow would be shown by a material-flow line.

h.2.5 Auxiliary Variables

Auxiliary variables are shown by circles.

AUXILIARY | INFORMATION RATE
VARIABLE TAKE-OFF Q

Auxiliary variables lie in the information flow channels
between levels and decision functions. The incoming information lines
are variables on which the auxiliary depends (levels, rates, constants
or other auxiliary variables). The outflow is always an information
take-off. No numerical value need: to be saved from one computational
time step to the next. Any number of information lines can enter or

leave an auxiliary variable.

Auxiliary variables could be eliminated from a model since they
ideally can be substituted into the rate equation, however, such

Practices, at times make rate equations long, cumbersome and difficult
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+0 understand.

LEVEL

A source or sink lies outside the consideration of a model,
since it has no significance to the particular model. A source

occurs when flow enters the boundary of a model, and conversely, a

sink occurs when flow leaves the boundary of a model.

If a model was built of a fish plant, the model boundaries
could conceivably be raw material entering and finished goods leaving
the plant. The methods used for harvesting the raw material and the

individuals who consume the finished product would represent a

gource and sink respectively, since they would be insignificant to

this particular model.

4.2.7 Parameter (Constiant)

Parameter is shown with an underline or overline having

an information take-off.

PAR_%E_TER _ INFORMATION _
| | TAKE-OFF
l
I |
| l
|_ _InromMATION _ {—}
TAKE-OFF PARAFETER
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Parameters are those values which are constant throughout
a simulation run of a model. They can, of course, be changed
petween successive runs. Parameters are always information inputs

to rates, either directly or by way of auxiliary variables.

Examples of parameters could be the price of a par-
ticular type of finished product, price of raw material, labour

productivity or machine capacity.

L.,2.8 Variables on Other Diagrams

Variables that appear on other diagrams should be shown

in the following manner.

VARLAILR AN . o
ORIGIN

VARIABLE
P N DESTINATION

Variable origin refers to a variable that is coming to this

diagram fram another.

Variable destination refers to a variable that is leaving

this diagram and going to another.

4.3 Equations

In the preceding sections the basic concepts of system
structure were discussed. To describe these concepts of system
structure a suitable system of equations must be developed so
that the dynamic model can be applied to a computer simulation
Program ,° The system of equations should be adequate so as to

describe exactly the dynamic model.

{
g
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The system of equations to be described will be formulated
jn a manner which can be used in the Dynamo Simulation Program
created by Dr. Phyllis Fox and Mr. Alexander L.Plugh IIT. Before
describing the types of equatlons to be used, the fundamental time
sequence of computation will be described in terms of levels and

rates.

4.3.1 Computing Sequence

When computing the successive time steps 1n the dynamic be-
havior of a system we need a standardized computational convention
that caitrols the changing interactions of a set of variables as time
advances. This implies that the equation will be computed periodically
to yield the succesive new states of the system. The computation pro-

gresses in time steps as in Figure 4.2.

L1g b — — 8- —:\"\
50 ’/,/(\ ™ RaTES to b
RATES ~ LEVELS to be e Taias
LEVELS already calculated Ve
already known
known \\\ J L2t ;{fﬁ___ﬁ%{___z{f
1.2 .’/’////ﬁ
Fe—————]J]' Pt DT
J K L
TIME

Figure 4.2 Calculations at Time K.

As shown in Figure 4.2, time is broken into the standard



-58-

designations of J, K, and L with J representing the most recent time
the computation was made, K representing the present and L used to
designate the next point in time. The interval JK has Just passed
and information about it and earlier times is in principle available
for use. No information beyond K, like the interval KL, or the time,
L, or beyond, will ever be available for use in an equation being

calculated at present time, K.

The equations are calculated at moments of time that are
separated by the solution intervals, DT. The selection of the time
interval space, DT, is dependent on how closely we wish to approx-
imate any curve, Figure 4.3. Shorter and thus more numerous intervals
would yield closer approximations of the curve. The value of DT for

a particular model depends on the level of accuracy required such

(
£
'

that further increases in the number of time intervals (DT) would
produce insignificant differences in outputs. A and B in Figure 4.3
represent the units of time used in defining the system whether they
are weeks, months or years. It should be understood that the interval

time, DT, cannot exceed the desired time interval, A to B.

T e e ——

=
=
/ —

/ W

Figure 4.3 Straight line approximation to a variable level.

-
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At the start of the canputation at time K, there are available
grom the previous computations, L1.J designating the value of the level
at time J and R11.JK and R12.JK, designating the value of the inflow and
outflow rates respectively over the interval JK, Figure 4.4. The rate,
p11.JK, flow into level, L1, with the rate, R12.JK, flowing out of
jevel, L1l. The ﬁew value of L1 at time, K, can now be cdculated since

i1t depends only on its own old value and on rates in the JK interval,

Figure %.5-
DT
R11.JK
1.5 ¢
(
R12.JK :
1
10 10+DT 10+207T 10+3DT 11 TIME
e
J K L
Figure 4.4 Start of new computation sequence.
R11.JK
o
B o L1.K
R12.JK
10 10+D7T 10+2DT 10+3DT 11 TIME
J K L

Figure 4.5 After computation of level.




The rate equations are evaluated at the present time K, after
the level equations have been evaluated, therefore the rate equations
nave available as inputs the present values of levels at KX, Figure L.6.
The values determined by the rate equation detemrmine the rates that
represent the actions that will be taken over the forthcoming in-
tervals, KL.. The solutions intervals are taken short enough that the

step-vwise discontinuities in rates are of no significance.

DT
R11.JK
R11.XL
¢ 5 c5L1.K
L1.J® pi12.3k
R12.KL
10 10+DT 10+2DT 10+3DT 11
J K % —IDE .

Figure 4.6 After computation of rates

The entire process is now repeated for the next point in time, L,
however the first step is to advance the time designators J, K and L by one
solution interval, Figure 4.7. With this, the K levels become J levels and

the KL rates become JK rates thus new values of levels can now be computed.

<—DH
R11,.JK
g ®11.J
R12.JK
10 10+DT 10+ I0F3DT I e
J K L e

Fi@e L.7 Time designators advanced to next solution interval
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5. 3.2 symbols In Equations

The standard symbol to represent a constant or variable consists
of a group of six identities or less, the first must be alphabetical.
1n addition, all variables shall use a symbol with their proper time
postscript separated by a period, however, a constant shall use no

time postscripts.

Standard symbols for levels could include:

A.J

A.X

A22222.Jd

A22222 .K

A2Z72Z7 .J

A2777 .X :

Standard symbols for rates could include:

B.JK

B.KL
B22222.JK
B22222 KL
B27727 .JK
B2777Z .KL

Standard symbols for a constant could include:

c
C22222
€272z

#.3.3 Classes of Equations

There are seven equation types. In this section all seven

€quation types will be discussed in detail.

—



L 3_3.1 Level Equations

Levels, equation type identified by "L", are the varying con-
tents of the reservoirs of the system. They relate a quantity at the
current time to.its value at the previous time that calculations were
made and to its rates of change during the interval between ¢alculations.

The following is a standard format for a level equation.
L L.X=1L.J+ (DT) (RI.JK - RO.JK)

where:
L. - designates the level equation for use in the computer program
L.K - New value of level being camputed at time K (units)
L.J - Value of level from previous time J (units)

DT - The length of the solution interval between time J and K
(time measure)

RI.JK - The value of the inflowing rates added during the JK
time interval (units/time measure)

RO.JK - The value of the outflowlng rates subtracted during the
JK time interval (units/time measure)

Any number of rates can be inflowing or outflowing from a

level, Figure 4.8.

RC.JK

A.JK

JK

=

=

D RD.JK
1

[:>’,RE.JK
V

Figure 4.8 A level in a system with more than one
inflowing and outflowing rates
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Level equation for Figure 4.8 is as follows:

=

(o)

~
I

L.J + (D7) ((RA.JK + RB.JK) - (RC.JK + RD.JK + RE.JK))

£
(o)
~

I

B L.J + (DT) (RI.JK - RO.JK)

where:
RA.JK + RB.JK = RI.JK, representing inflowing rates

RC.JK + RD.JK + RE.JK = RO.JK, representing outflowing rates
This is the only flexibility permissible in the standard level equation
for use with the Dynamo Simulation Computer Program. The right hand
side of the equation must always contain the previous value of the
level and the solution interval, DT, as a multiplier of the difference
between inflowing and outflowing rates. Notice, that the"dimensions" of

each time in the equations are "units", i.e.

L.K=1L.J+ (DT) (RI.JK - RO.JK)

units = units + (Time measure) (units/time measure - units/time measure)

units = units + units = units
As seen, it is the solution interval, DT, when multiplied by the rates
that creates the correct units of measure for adding to the value of
the level. The solution interval normally should not appear in any

equation other than a level eguation.

The level equation is an "integrating" equation that accumulates
the net result of past rates of change in the level. In the notation
Of calculus and differential equations the level equation would be

Written as follows:

L=L + J¢ (RI - RO) dt
O o -

21"

il
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1 - the value of the level at any time t (units)
I. - the initial value of the level at t = 0

time = 0 until time = t of the difference in inflowing and
outflowing rates (RI - RO)
RI - the inflowing rate being added

J, - the operator indicating integration or accumulation for

RO - the outflowing rate being subtracted
dt - the differential operator representing the infinitesimally

small difference in time that multiples the flow rates.

4.3.3.2 Rate Egquations

The rate equation (denoted by R) state how the flows within the
system are controlled. The inputs to a rate equation are system levels,
constants, tables, auxiliaries, or other rates. The outflow of a rate

equation controls a flow to, from, or between levels.
The following is the standard format for a rate equation.
R R.KL = f (Levels, constants, tables, auxiliaries or other rates).

Where: the right hand side implies any function or relationship of variables
or constants included in the above brackets that describe the policy

controlling the rate.

4.3.3.3 Auxiliary Equations

Very often, the clarification and meaning of a rate equation can
be enhanced by dividing it into parts that are written as separate
€Quations. These parts are called auxiliary equations. For example,
Suppose that the input to a bank savings account is a variable that
depends on money deposited by an individual plus interest accumulated on

Such deposits. The rate equation and accompanying auxiliary equations

(denoted by A) could be:
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R INPUT.KL = INPUTI.X + INPUTB.K
where: INPUTI & INPUTB are auxiliaries

A INPUTI.K = INCOME.K/RATEI
where: INCOME is a level & RATEI is a constant

A INPUTB.XK = AMOUNT.K/RATEB
where: AMOUNT 1s a level and RATEB is a constant

Note, that equation for INPUTI and INPUTB can be substituted

into the rate equation INPUT and give the resulting equation:

INCOME.X + INPUTB.K
RATEI RATEB

R INPUT.KL =

The auxiliary equations have disappeared leaving the rate, INPUT,
dependent only on levels and constants. As seen, auxiliary equations are
evaluated at time X but after the level equations for time X, since they
may use outputs from level equations. The auxiliary equations must,
however, be evaluated before the rate equations because their values

are substituted into rate equations.

4.3.3.4 Constants Equations

Constant equations are used to give numerical values. They
carry the type designation of C. There is no time postscript in a

constant equation, since it does not change through time.

A XYZ.XK = (RsT) (A.K)

C RST = 10

4.3.3.5 Initial-Value Equations

Initial-value equations are used to define initial values of all
levels (and some rates) that must be given before the first cycle of

model equation computation can begin. These equations are only evaluated

-
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prior to each model run. From these initial values for levels the
rates of flow immediately following time zero can be computed which are

then used to compute new values of the levels.

An initial value equation is customarily written immediately

following the corresponding level equation.

L L.K=1L.J+ (DT) (RI.JK - RO.JK)

N L=10

As seen the initial value uses no time postscript and is

designated by N.

4.3.3.6 Supplementary Equations

Supplementary equations are used to define variables which are

- YR

not actually part of the model structure but may be of some interest
about the model behavior. These equations are not used in any of the

decision processes of the model and are denoted by "S".

S T.K=A.X+BX+ C.K

where: T is only the sum total of A, B & C.

4.3.3.7 Table Equations

Table equations are used to express variables which have arbitrary
relationships to other variables. This simply is a method of converting
linear or non-linear graphs into a form which can be adapted to a
Computer program. Table equations are notated by T and are discussed

in detail in Appendix "A"

b.4 Model Building

To illustrate the technique of formulating the basic structure
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of a dynamic system model and its associated equations into a useful
dynamic model, the following simple examples will be presented. These
examples will show how the different components and their associated

equations are interconnected with each other.

Figure 4.9 shows a simple model with a source, sink, level,
constant parameter, table, two auxiliaries, two rates and two flows. Let us
assume that water is flowing from a pond into a reservoir and out into
jndividual homes. In this crude model we are only concerned with
water flowing into and out of the reservoir, the size of the pond and

the number of homes serviced are of no importance in this model.

v | RESERVOIR [ ro v ‘
L1
-
/
/
.' &
i i i
e
T1

Figure 4.9 A simple model of a reservoir with water flowing in and out

S01 represents a source (the pond) and SI1 represents a sink
(the individual homes) which are outside the boundaries of the model.
¥ater flows, F1, from the pond into the reservoir level, L1, at a rate
defined by, Rl. The rate, Rl is controlled by an auxiliary, Al, which

1s defined by, a table. The water flows out of the reservoir at a rate
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of, R2, which is controlled by the auxiliary, A2. The value of aux-
jliary, A2, is obtained from the constant parameter, P11, and an information
takeoff from the level, L1. The flow, F2, flow directly into the sink,
gI11. The equations for this model could be as follows:

R R1.XKL = A1.X

A AlLX = Table (Ti, Time.XK, O, 10)

T1 = 150,000, 125,000, 200,000, 175,000, 150,000,
125,000, 175,000, 200,000, 150,000, 125,000, 200,000

L L1.K=11.J + DT (R1.JK - R2.JK)

N L1 = 100,000

R R2.KL = A2.X

A A2,k = (L1.x)(P1)
C PlL=0.80

The auxiliary, Al.K, represents the following graph, Figure 4.10

)

o

5 250 1
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S 2007

83

O R

o g ]

= 5 150

= @

o ™ 197 |

0 0 ——t : + + 4
§ 1. 2% &% 5 6 7.8 9 10

TIME

Figure 4.10 A graph showing flow patterns of water entering a reservoir

The initial value of the reservoir is 100,000 gals. of water.

The output rate from the reservoir is always eighty percent (80%) of
the water in the reservoir. The units for the inflowing and outflowing
Water rates are gals. of water/minute and the reservoir is in units of

of gallons.

(
¢
.
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As discussed earlier the level equaticn is simply an integrating
equation that accumulates the net result of past rates of changes in
the level. To illustrate that this is so, the level, L1, in Figure 4.9,
will be solved by the use of first-order linear differential equations.
To make the solutions to the differential equations simple and thus easy
to understand, the inflowing rate will be held constant at 75,000
galg/minute, all other variables will remain the same. In this case,

the system equations would be written as follows:

R RL.KL = 75,000
L L1.K =1L1.J + DT(R1.JK - R2.JK)
N L1 = 100,000
R R2.KL = A2.K 1
A  A2,K = (L1.K)(P1) :
¢ Pl=0,80 o
| The first order linear differential equation is given as:
s
y + B(x)y = Q(x)
with
f (a) =B
and

P, the outflowing rate, and Q, the inflowing rate

This function is given by the formula:

£(x) = be A(X), e'A(x)JJk a(t) At gy

wWhere:

A(x) =J[k P(t) dt

a

ADplying this formula to Figure 4.9 we obtain:

1
L™ + 0.80L = 75,000




1

L™ = 75,000 - 0.80L

since L = 100,000 when t = 0, the unique solution is given by the formula:

=
It

e
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alculated solutions for the level, L, at times

= 100,000

= 96558.30603
= 95011.85324
= 94316.98732
= 9L004.76377
= 93864.47274
= 93801.43592
= 93773.11165
= 93760.38473
= 93754.66616
= 93752.09664
= 93750.94208
= 93750.42333
= 93750.19020
= 93750.08546
= 93750.03840
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Comparing these solutions for L at different time intervals to the
Dynamo computer output (in Appendix "E"), we see that they are exactly

the same.

To illustrate how the information link form the connecting tissue

in a system between two subsystems; Figure 4.11 will be discussed.

In this example only a general layout of the model has been
presented since the main purpose is to demonstrate how two submodels are
connected. This example is a production model with two submodels, a

labor employment submodel and the other a material submodel.

The labor employment submodel consists of three levels, (labor
pool, production workers and workers in training) and three rates
(layoff rate, training rate and hiring rate). The only level which will
be used directly in the explanation of this example is the production

worker level, PWL.

The material submodel consists of two levels (raw material
inventory and finished goods inventory), three rates (rate of supply of
raw material, production rate and shipping rate), a source and a sink.
Here again only the production rate, PR, will be discussed in detail.
In the material submodel, only inventories move from one level to
another, where as in the labor employment submodel only workers move
from level to level, there is no movement between submodels. The only

Method by which these two submodels can be connected is by means of an

information 1ink.

In this example, information concerning the number of production
"orkers employed, PWIL, coupled with their productivity rate, C, is used

to control the flow of goods from the raw material inventory level to the
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fnﬁshed goods inventory level.

The following equations are used to establish the production rate,PR.

R PR.KL = CL1P (0.0, A1.X, 0.0, A1.K)

A Al.XK = (PWL.X)(C)

C C = 15,000 Productivity rate
L. PWL.K = PWL.J + DT(LR.JK - TR.JK)

N PWL = 50

The clip in the equation for the production rate, PR, simply
means that the production rate cannot go negative. For further ex-
planation of the use of clips see extracts from "Dynamo II Users Manual"

by Alexander L. Pligh III in Appendix "A",

4.5 Model Validity

The validity (or significance) of a model should be judged on
how well it represents the actual system. If it does not give a true
picture it is meaningless, thus what may be an excellent model for one

purpose may be useless for another purpose.

The purpose of system dynamic models is to aid management in
improving industrial and economic systems. In order to achieve this,
clear and concise objectives of the system must be understood. With
toncise objectives and the necessary system detail adequately described

and properly interrelated, the model system must behave as it should.

The system dynamic model is built on the same information and
evidence used in the manager's usual mental model of the management
Process. The power of system dynamic models is not from more information
than a manager has, but the ability to use more of this same information

and to portray more usefully its application.
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gince the similarity of the model to the actual format of the

m is necessary we must know what to look for and what are the tests

petween the two systems.

through

The following are tests that can be done between the two systems:

That the dynamic systems model behavior is not obviously im-
plausible

Attempt to precipitate additional obvious inadequacies by
testing the model over an unusually wide environmental
range which are however within the system's boundary.

Investigate the similarity of problem symptoms between model
and real behavior. An example of this would be fluctuating
behavior where the time intervals between peak values of the
variables could be compared with the actual system.

Investigate the time-phase relationships between variables,

such as the peaking of inventories after the sale and
production often indicate how similar the model is to the actual
system.

The data and plots obtained from the model computer output can
be examined to see if the decision streams are compatible with
the actual system.

Examine the abruptness with which the values of system variables
change. The model of a system should show the same transition
characteristics as the system.

Check the behavior characteristics that can be quantitatively
measured.

In summary, serious model defects will usually expose themselves

some failure of the model to perform as would be expected of the

actual system, however, a vast number of things could be done to any

model to change its behavior characteristic but change must be based on

knowledge about the working details of the actual systenm.

.6 Dynamo Compiler

The Dynamo Compiler is a computer program which accepts the

®Quations for a model of a dynamic feedback system and produces the

TeQuested simulation results as numerical tables and graphical plots.
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Dynamo has been specially designed to accept the structure and
the equation convention previously discussed in this chapter% The
Dynam© language includes time subscripts that easily enables anyone
to comprehend how the calculations are made. Dynamo is designed for
the person who is problem-orientated rather than computer-orientated.
The Dynamo compiler is widely available and adapted to many computer

languages including Fortran.

Detail extracts from “Dynamo II User's Manual" by Alexander L.

Plugh IIT explaining its different components are given in Appendix "A."

1 Dynamo has been designed by the Industrial Dynamics group at The
Sloan School of Management Massachusetts Institute of Technology.
For a more complete description see Dynamo II User's Manual by
Alexander L. Plugh III.
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CHAPTER 5

4 SYSTEMS DYNAMIC MODEL OF A NEWFOUNDLAND INSHORE FISH PROCESSING FLANT

5,1 Introduction

The model of a Newfoundland inshore fish processing plant
presented here consists of two main sectors, the processing sector and

jts associated economic sector ( Figure 5.1).

The processing sector considered in thismodel is limited to the
processing of six species; cod, flounder, herring, mackerel, squid and
blueberries;1 a fish meal plant and the asscciated labour employment
sector. These six species will be mainly manually processed in the
following manner:

- Cod and flounder will be filleted in a manner as described in

Figure 1.1 and packed in 163 1lb. blocks and 5 1b. sello-wrap
respectively.

- Herring will be processed into butter-fly fillets by using
filleting machines and manually packed in 163 1b. blocks.

- Sguid and mackerel will be processed round in a manner as
described in Figure 1.3 with each packed in 40 1b. boxes.

- Blueberries will be processed by placing blueberries on
conveyors where thay are sent through a wind tunnel (to

remove leaves), washed and inspected prior to packing in
4O 1b. boxes.

All species once packed will be frozen and stored in cold

storage.

The economic sector consists of total sales revenue, total
Taw material cost, total labour cost, total packaging material cost,
inVentory value, long term loan, short term financing, depreciation,

1 Blueberries in the model will be classified as a speciesso as to
simplify the explaining of the system logic.
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total overhead expense accrued from head office, total production
eXpense, total selling expense, total administration expense, cash
flow, profit and loss, liabilities and assets for the processing

plant.

The time interval (DT) between each iteration for the model was
selected as one day for a total time duration of 300 working days,

representing one year.

A conplete listing of all model equations and theilr associated
key are given in Appendix "B" and Appendix "C" respectively. These

equations will be referred to while explaining the processing model.

5,2 The Processing Sector

Before describing the model for the processing sector, a con-
ceptual frame-work for a multi-speciezprocessing sector will be

presented.

The processing sector is divided into six production lines,
products "A", "B", "C", "D", "E", and "F. These six production lines
are set up with product "A" first, product "B" second, "C" third, "D"
fourth, "E" fifth and "F" sixth, since fish plant managers have to make
daily decisions on specie-priority when he has more raw material
available for production than he can process at any one time. In
the model, specles priority is made on profit margins per pound with
the highest profit margin corresponding with production line "A", the
Second highest corresponding to "B", the third highest correspending

0 "C", etc.

The by-product from these production lines is used to produce
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fish mezl. The labour employment model determines the total number of

employees required for working on the production lines.

The equations for the processing sector will be explained
under the following general areas, namely:

- production line "A" to "F" (Figures 5.2, 3, &4, 5, 6, 7)

- fish meal (Figure 5.8)

- direct production labour employed (Figure 5.9)

- profit margin per species(Figure 5.1)

- Ranking ofspecies by profit margin (Figure 5.1)

- SpeciesInput variables (Figure 5.10)

The above mentioned areas will be discussed with special

attention to the main variables of interest related to the processing

operation.

5.2.1 Production Lines "A" to "F" (Figures 5.2, 3, 4, 5, 6, 7)

Due to the similarity of logic between the different production
lines, explanation of production line equations will be made with direct
reference to production line "AW The other production lines will be
discussed only where they differ in logic from "AY The diagram flow logic
for the production lines are given in Figuress5.2, 3, 4, 5, 6, 7 with

the associated equations given in Appendix "B", numbers 10 to 5320.
The main rate equations in production line "A" are:

- Raw material buying rate (ARMF)
- Fresh raw material processing rate (AMDP1)

- Raw material freezing rate (AFNP)

Frozen raw material processing rate (AMDP2)

Finished inventory shipping rate (ASSP)
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The main level equations in production line "A" are:

- Fresh raw material inventory level (ARMPL)
- Frozen raw material inventory level (ARMPF)
- Finished inventory level (AIAP)

5,2.1.1 Raw Material Buying Rate (ARMF)

As was discussed earlier, the quantity of raw material bought
daily is an important controlling factor in a processing plant. Since
fish is perishable, when a fish plant manager overbuys his production
capacity of raw material he is faced with spoilage while if he underbuys

he is faced with not operating his plant at full capacity.

In the model, the equation for the quantity of raw material

bought (ARMF) depends on the following assumptions:

Cold storage space available (AFF1)
Finished product order balance (ACRDY)
Raw material available (AMWP)

Multiplier factor of the minimum of freezer and production
capacities plus freezer capacity available for raw material
freezing minus one day old raw material held in inventory

(ALR3).

The minimum value of the above variables is the quantity

selected for the amount of raw material to buy (ARMF).

The cold storage space available for the buying of raw material
is represented by AFF1. Equation AFF1l consists of the total cold storage
Capacity of the plant (TBBB) minus all materials now held in cold storage.
This includes all finished goods, raw material frozen in inventory plus
today's quantities of fresh raw material being processed or frozen round.
The colg storage space available equation for production line "B" (BFF1)

Uffers from AFFL in that the quantity of raw material bought for
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production line "A" (ARRF which equals ARMF) must be subtracted from
AFF1 to give BFFl. Subsequently the cold storage space available
equation for production line "C" (CFF1) is equal to BFF1 - BRRF. The

other production lines follow a similar pattern.

The finished product order balance (AORDY) logic which is
standard for all production lines is given in equations 730 to 890.
Daily orders (AOLD) are continuously coming for production line "A" from
which a forecasted order quantity (AORDE) is calculated for production
scheduling. The forecasted technique incorporated uses an exponentially
weighted average of the past data (further details on the exponentially

weighted forecasting technique are given in Appendix "D").

The forecasted order quantity is calculated by multipling ACLD
by a factor ALFA giving AORDC and multipling the most previous order
quantity for AOLD by 1 - ALFA giving AORDL. AORDC and AORDL are added
to give the forecasted daily order quantity (AORDE). These daily fore-
casted order quantities accumulate in a level (AORDET) which when
divided by AYLD (the production line "A" yield) give the forecasted
order quantity for the buying of raw material. This forecasted order

quantity level (AORDET) is reduced by ARRF/AYLD when raw material is

bought.

The raw material available for buying (AMWP) is the daily
qQuantity of raw material for production line "A" that the fishermen

bring to the plant.

As stated previously; ALR3 is a factor multiplier of the
Dinimum of freezer and production capacities plus freezer capacity

available for raw material freezing minus one day old raw material
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pheld in inventory, i.e.:

ALR3.K = NDFI * (AGG1l.K + AIMF.K) - (ACCC.K - AIMFK -AIM1.K)
where:

NDFI = multiplying factor

AGG1.K = minimum of freezer and production capacities

AIMF.K freezer capacity available from raw material freezing

ACCC.K -~ AIMF.X - AIM1.K = one day old raw material held in inventory.

I

of the four assumptions made on the buying of raw material, ALR3 is the

most critical and difficult to identify since it decides the rate of

spoilage when there is an abundance of raw material available. This

equation was selected since it takes a multiplier of the present

production through-put of fresh raw material and subtracts from it the day -~

old raw material held in inventory.

5.2.1.2 Fresh Raw Material Processing Rate (AMDP1)

The equation for the fresh raw material processing Rate (AMDP1)
is dependant on:

- Plant production capacity (AALP)

- Plant freezer capacity (AFCA1)

- Fresh raw material inventory level (ARMPL)
The minimum of the above criteria is the quantity of raw material to
be processed (ADDD) in any day. ADDD when multiplied by the processing
yield (AYLD) gives the processing rate (AMDP1) in terms of finished

Product quantities.

The production planned for each production line is calculated
in the following manner: If the total plant was allocated to any one
Production line, than the total maximum daily through-put for production
line "A" (AALP) would be AAAA, the total maximum daily through-put for

Production line "B" (BALP) would be BAAA, etc. However, since, there
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are normally more than one production line working at the same time
the fresh raw material is allocated by production line priority.

To clarify how production capacity is distributed between the
different lines, the individual production planned equations for

the production lines will be discussed.

The production planned equation for production line "A" (AALP) is
given as:

AATP.K = AAAAK

The production planned equation for production line "B" (BALP) is

given as:

» _ (AALP.K - ADDD.K)
BALP.K = TV (BAAA.K)

The production planned equation for production line "C" (CALP) is

given as:

__ (BALP.X - BDDD.K)
CALP.X = TV (CAAA.K)

The remaining production planned equations follow a similar
Pattern with the basic assumption being that once a higher priority
Production line has selected the guantity of raw material to be processed

in any day, the next highest priority production line has access to the

balance production capacity.

The plant freezer capacity is set up in a slightly different
Manner to production capacity. The total daily plant freezing capacity (TFVC)
1s allocated to each production line in the priority sequence until the
freezing capacity has been exhausted.

The freezer capacity equation for production line "A" (AFCA1l) is
glven as:

AFCA1.X = TFVC.K/AYLD.X

102 221047}

gammmoc L
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The freezer capacity equation for production line "B" (BFCA1)

is given as:

BFCA1.K = (AFCA1.X - ADDD.K)*(AYLD.K)/BYLD.X

The freezer capacity equation for production line "G" (CFCA1)
is given as:

CFCA1.K = (BFCA1.K - BDDD.K)*(BYLD.K)/CYLD.XK
The remaining production lines follow a similar pattern.

The division by the applicable production line yield is

necessary to maintainequation in the same units.

5.2.1.3 Raw Material Freezing Rate (AFNP)

=7

As discussed previously, raw material is frozen only when there

] g1y

isn't sufficient processing capacity (AMDP1) for the fresh raw material

1

rrirt

held in inventory.

T

The freezing capacity available for the freezing of raw material

F'L-tiatstlad
22037

follow the same logic as was presented in the discussion of the freezing
of processed raw material. The production lines with the highest

Priority have first chance at the balance of freezing capacity.

5.2.1.4 Frozen Raw Material Processing Rate (AMDP2)

Frozen raw material is processed when there is a surplus in
Production capacity from fresh raw material processing and a surplus
in freezing capacity from the freezing of raw material. The minimum
of the production capacity available (AALLP.K) and the freezing capacity
available (ASAP.K) is the processing capacity available for the processing

of frozen raw material. The allocation of this processing capacity
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follow the same priority rules as discussed previously.

5,2.1.5 Finished Inventory Shipping Rate (ASSP)

The shipping rate of finished product from each production
1ine is normally equal to TSS however if no processed goods have entered
jevel ATAP for five (5) days than the balance of AIAP is shipped. The
equations for deciding the shipping rate for production line "A" are

given from numbers 530 to 720.

5.2.1.6 Fresh Raw Material Inventory Level (ARMPL)

The fresh raw material inventory level (ARMPL) is expressed
by the following equation:

ARMPL.X = ARMPL.J + (DT)(ARMF.JK-(AMDP1.JK+AMDP1Q.JK+AFNP.JK+AMDP3Q.JK))
vwhere:

ARMF represents raw material bought

AMDP1 represents fresh raw material processed

AMDP1Q represents waste raw material being sent to fish meal plant

AFNP represents raw material frozen
AMDP3Q represents spoiled raw material being sent to fish meal plant
This level does not hold raw material longer than two (2) days

due to deterioration and reduction in quality. Within two days after

Taw material is bought, the raw material is either processed, frozen

Oor sent to fish meal plant.

5:2.1.7 Frozen Raw Material Inventory Level (ARMPF)

The frozen raw material inventory level (ARMPF) gives the new
frozen raw material inventory level in terms of its old wvalue and the
frozen raw material which have come in (AFNP) and the frozen raw

Material processed (AMDP2). This is expressed by the following
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equation:

ARMPF.K = ARMPF.J + (DT)(AFNP.JK-(AMDP2.JK + AMDP2Q.JK))

where:

AMDP2Q represent waste raw material being sent to fish meal plant

5,2,1.8 Finished Inventory Level (AIAP)

The finished inventory level (AIAP) is represented by the
following equation:

AIAP.X = AIAP.J + (DT)((AMDP1.JK + AMDP2.JK) - ASSP.JK)
where:

AMDP1 represents fresh raw material processing rate.

AMDP2 represents frozen raw materlial processing rate

ASSP represents finished inventory shipping rate

5.2.1.9 Other Significant Levels

In comparing different model runs with different management

policies, it will be helpful to know the outputs from the following

levels;
AERML.K = AERML.J + (DT) (AERMR.JK - 0)

Where:
AERML represents total raw material available to the processing
plant for production line "A" during the year but was not bought
because of processing restrictions.
APPPP.X = APPPP.J + (DT) (ASSP.JK - 0)

Where:

APPPP represents total finished goods from production line "A"
sold during the year.

5:2.2 Fish Meal Submodel (Figure 5.8)

The main rates and levels in the fish meal subtmodel (equations
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5330 to 5600, Appendix "B") are:

1

The processing rate of fish meal (FMEAL)
The shipping rate for fish meal (QSSP)

- Fish meal inventory (MEAL)

Total fish meal sold during the year (QPPPP)

The processing rate of fish meal depends totally on the quantity
of waste raw material coming from the production lines. Since the
processing of fish meal is done mechanically using very little labour,
it is assumed that the fish meal plant is sufficiently large to handle

all waste raw material without production delays.

The shipping rate for fish meal (QSSP) follows the same pro-

cedure as outlined earlier for finished inventory shipping rate (ASSP).

Abid &g

The fish meal inventory level (MEAL) gives the new fish meal

inventory level in terms of its old value and the processed fish meal

féed

which have come in (FMEAL) and the fish meal shipped to the consumer

WAFibid i

(QSsP). This is expressed by the following equation
MEAL.K = MEAL.J + (DT) (FMEAL.JK - QSSP.JK)

The total fish meal sold during the year (QPPPP) is represented

by the following equation
QPPPP.K = QPPPP.J + (DT) (QSSP.JK - 0)

5.2.3 Labour Employment Submodel (Figure 5.9)

The labour employment submodel (equations 5610 to 5760, Appendix
"B") schedules the number of direct production line workers required

daily. The basic assumptions are as follows:

- There is an endless supply of skilled labour available to the
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processing plant.

- No advance dismissal or hiring notices required to be given
to workers.

- Plant workers may change from one production line to another
and still perform the degree of productivity required.

The number of direct production line workers required daily
is determined by the scheduled production quantities and their associated
labour productivity constants. For each production line the number of
workers required is calculated individually. Since all production lines .
follow a similar logic, the labour required equation for production line
"A" (ALNP) will be presented as an example.
ALNP.K = (AMDP1.JK/ACPLP.K)+(AMDP2.JK/ (TCPL*ACPLP.K) )+ (AFNP.JK/CPLP.K)
where:

AMDPl represents the fresh raw material processing rate

ACPLP represents the labour productivity rate for fresh raw
material processing

AMDP2 represents the frozen raw material processing rate

TCPL represents the percentage of ACPLP for the processing
of frozen raw material '

AFNP represents the raw material freezing rate

CPLP represents the labour productivity rate for freezing
raw material

The number of workers required for each production line are then
accumulated and compared with the previous number of workers employed

(TMENPP) to decide if additional workers have to be hired or dismissed.

5.2.4 Profit Margin per Species(Figure 5.1)

The profit margin per speciesis obtained by subtracting the
unit direct cost of raw material, labour and packaging material from

the unit selling price. The following is the profit margin equation
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for flounder :

MPHR.XK = FPHR.K - ((RPHR.K/YHR.K)+(LCHR.K/LPHR.K)+VPHR.K)
where:

MPHR represents the unit profit margin for flounder, $/LB

FPHR represents the unit finished product value, $/LB

RPHR represents the unit raw material cost, $/LB

YHR vrepresents the unit finished product yield, %

ICHR represents the unit labour cost, $/DAY

LPHR represents the unit labour productivity, LBS/DAYS

VPHR represents the unit packaging cost, $/DAY

The equations for profit margin per speciesare from 5780 to

5840, Appendix "B'.

5.2.5 Ranking of Profit Margin per Specie=(Figure 5.1)

The ranking of profit margins per species(equations 5850 to
6150, Appendix "B") is obtained by taking the maximum and minimum of
the marginal profit of the species until the order priority has been

obtained.

5.2.6 SpeciesInput Variables (Figure 5.10)

As was discussed previously, there are six production lines.
Each of these production lines may have different species inputs

variables, namely:

- Raw material price, $/LB

- Production capacity available, LBS/DAY

- Yield of finished product from raw material, %
- Labour productivity, LBS/MAN-DAY

- Finished product price, $/LB

- Quantity of packaging material, LBS

- Cost of packaging material, $/LB

- Raw material input, LBS

- Labour cost, $/MAN-DAY

- Order input, LBS
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FIGURE 5.]10 ALLOCATION OF RAW MATERIAL PRICE TO THE APPROPRIATE PRODUCTION LINE
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To allocate the speciesinput variables to the appropriate

production line, equations 6160 to 11800, Appendix "B" were developed.

The following equations present the logic for the allocation of the raw

materiél price per pound to production line "A"

I

QRP1.K
QRP2.K
QRP3.K

Il

Il

QRP4.K = CLIP(REC.K,
QRP5.K = CLIP(RPS.K,
QRP6.K = CLIP(RPB.K,

CLIP(RPHR.K, O, MPHR.K, MP9.X)
CLIP(RPHF.K, O, MPHF.K, MP9.K)
CLIFP(RPM.K,

0, MPM.K, MP9.K)
0, MFC.K, MP9.K)
0, MPS.K, MP9.K)
0, MPB.K, MP9.K)

ACBM.K = QRP1.K + QRP2.K + QRP3.K + QRP4.K + QRP5.K = QRP6.K

where:

MP9 represents the speciewith the highest marginal profit

MPHR to MPB represents the marginal profit for each species

RPHR to RPB represents the raw material price per pound for

each speciesg

QRP1 equals RPHR if MPHR = MP9
or equal O if MPHR<MP9

ACEM represents the raw material price per pound which will be
allocated to production line "A"

Figure 5.10 which gives the flow logic for the allocation of

Raw Material Price to the appropriate production line can be used to

represent the following input variables by:

Replacing RP With P

" E{E
n RP

" RP

”n RP

-y R¥

” RP

”n RP

" RP

S
-
" FP
" QP
ik
"TAB
b ¢
A

5

R R R RR

CRM
CRM

With AAA For Production Capacity

YLD
CPLF
CFG
PGRC
CFG
MWP
CWR
OLD

Yield

Labour Productivity
Finished Product Price
Quantity of Packagingb@&eﬁal
Cost of Packaging Material
Raw Material Input

Labour Cost

Order Input
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5.3 Economic Sector

The equations for the economic sector will be explained under

the following areas:

- Total sales revenue

- Total direct packaging material cost
- Total raw material cost
- Total direct labour cost
- Inventory value

- Long term loan

- Short term financing

- Depreciation

~ Overhead expenses

- Cash flow

- Profit and loss

- Liabilities

- Assets

- Economic & management performance ratios

5.3.1 Total Sales Revenue (Figure 5.11)

Sales revenue is the quantity of sales multiplied by the approp-

riate sales value per pound, equation 11820 to 12040, Appendix "B
The total sales revenue equation is:

TRSP.K = AFGRP.X + BFGRP.K + CFGRP.K + DFCRP.K + EFGRP.K +
FFGRP.K + QFGRP.XK

where:

AFCGRP represents the sales revenue from production line "A"

BFGRP " " " " " " " npn
CFGRP " " " " " " ' " ngn
DFGRP " " " " " " " wpn
EFGRP " " n " " " " nge
FFGRP " " " " " " " npn

QF‘GRP 1) n n ” " fish mea—]_
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5.3.2 Total Direct Packaging Material Cost (Figure 5.11)

Packaging material cost is the daily finished product processing
rate multiplied by the appropriate unit packaging material cost,

equations 12050 to 12420, Appendix "B"
The total packaging material cost equation is:

TCPGP.K = ACPGP.K + BCPGP.K + CCPGP.K + DCPGP.K + ECPGP.K + FCPGP.K

where:
ACPGP represents the packaging material cost of production line "A%

BCPGP n y " " ] " ”" " "R®
CCPGP ~ o " " " " W " ngon
ICPGP - n " " " " ) " i '
EEPGP bid " " " " " " 1) \"En
FCPGP = " " " n (1] " " npn

5.3.3 Total Direct Raw Material Cost (Figure 5.11)

Raw material cost is the quantity of raw material bought multiplied
by the appropriate buying cost per pound, equations 12430 to 12620,

Appendix "B"

The total raw material cost equation is:

TRMCP.K = ACRMP.K + BCREMP.XK + CCRMP.X + DCRMP.K + ECRMP.K + FCRMP.K
where:

ACRMP represents the total raw material cost for production line "A"

BCRYP " moomw 2 " W mge
CCRMP o 5 . b e b a . = o
REP " W T e e wooom " n o onpe
ERP " o e nooom " n o ompe
FCRMp N, IR nooom " no e

5.3.4 Total Direct Labour Cost (Figure 5.11)

Labour cost is the number of production workers employed

daily multiplied by the appropriate labour cost per day, equations
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12630 to 12820, Appendix "B
The total labour cost equation is:

T1CP.K = AICP.X + BICP.K + CICP.K + DICP.K + EICP.K + FICP.K

where:

AICP represents the total production labour cost of production line "A"
BICP [1] 11 [ 1] (1) 11} (1} ” L1} n IIBII
CICP 1 1] ” " ” 11] ”" ” (1] ” llc ”
DICP [1] 11 11} ” " ” L1} " " IID"
EI_CP ” " ” " " " ” ” " (1} E"
FchP ” " ” ” ” ” 11 ” ” IIF"

5.3.5 Inventory Value (Figure 5.11)

The inventory value is the quantity of finished product, frozen
raw material, fresh raw material and packaging material in stock
multiplied by their appropriate unit value, equations 12830 to

13080, Appendix "B%.
The inventory value equation is

VALIV.X = VALFIN.K + VALFZ.K + VALFR.K + VALPG.X

where:

VALFIN represents the value of finished product inventory

VALFZ " L i " frozen raw material E
VALFR n ” 11} 11 fresh ” ” ”
VALPG ” ” " ”" packagi-ng ” ”

5.3.6 Long Term Loan (Figure 5.11)

The long term loan is set up with an initial loan of IVOLT
wWhich will be repaid over YRL years at a yearly interest rate of AINTL.
The loan will be repaid in NL equal payments. The balance of the long
term loan (BLTL), principle (TLTDP) and interest (TINLTP) paid on the

bank loan to date are calculated daily. The long term loan equations
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are 13090 to 13290, Appendix "B"

3.7 Short Term Financing (Figure 5.11)

Short term financing is set up with a banking firm where the
pbank agrees to make plant operating payments up to BLIMIT, beyond
BLIMIT the processing plant has to obtain other sources of funding.
The bank charges the processing plant a daily interest rate of RATED
on the borrowed amount (BCAP). Theequations for this section are

13300 to 13400, Appendix "B"

B .8 Depreciation (Figure 5.11)

The total fixed assets EEE i1is depreciated over a life of
LENGTT years at a fixed depreciating rate of DEPRA every COMY1 days,
equations 13410 to 13490, Appendix "B'" DEPRA is obtained from the

following equation:

DEFRA.K = EEE / (LENGTT*COMY)
where:
EEE represents the total initial fixed assets value

LENCGIT represents the number of years the fixed assets are to be
depreciated

COMPY represents the number of time fixed assets are to be depreciated
in a year

5.3.9 Overhead Expenses (Figure 5.11)

The overhead expenses are subdivided into four main areas, namely:

Total overhead accrued from head office, equations 13500 to
13540, Appendix "B%

Total production expense, equations 13550 to 13580, Appendix "B"
Total selling expense, equations 13590 to 13630, Appendix "B"

Total administration expense, equations 13640 to 13680,
Appendix "B"

The overhead expense accrued from head office is the average
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monthly expense charged to the processing operation for the operation

of a head office.

The production expense includes the average monthly expense of
unemployment insurance; Canada Pension Plan, Workman's Compensation;
light, heat and power; miscellaneous and collection expenses; 1indirect
and unabsorbed labour; machinery, equipment and building repairs and
maintenance; general trucking; municipal and water taxes; fire
insurance; miscellaneous plant supplies; equipment hire; motor
vehicle expense; engine room expense; cleaning expense; forklift
expense; fish meal plant expense, wages, packaging, light, heat,

power, etc.

The selling expense includes the average monthly expense from

foreign exchange and commissions; outward freight, labour, duty etc.

The administrative expense includes the average monthly expense
of staff salaries and wages; telephone and telegrams; printing,
stationery and office supplies; travelling; legal fees; audit

and accounting.

5.3.10 Cash Flow (Figure 5.11)

The equations for the cash flow section are 13690 to 13940,
Appendix "B
The important cash balance level (CASHP) is represented by the

following equation:

CASHP.X = CASHP.J + (DT)(FGCRP.JK - RMCEP.JK - ICEP.JK -
TPRDER.JK - TFIXOH.JK - PGCEP.JK - TSAE.JK)



IIl.IlIIII------------'-"""-----"'-""----______________________

where:
CASHP

FGCRP
RMCEP
ICEP
TPRDER
TSAE
PGCEP
TFIXOH

TFIXOH includes:

CRPLT1
INLTR1
INBLR1
TAX
DIV
TOFOHI

.11

represents

represents

represents

represents

represents
represents
represents

represents

-106-

cash balance

finished goods cash receipt rate

raw-material cash expenditure

labour cash expenditure

production

0/H cash expenditure

selling and admin. O/H cash expenditure

packaging material cash expenditure

other fixed O/H cash expenditure

Profit and Loss (Figure 5.11)

principal on long term loan cash expenditures
interest on long term loan cash expenditures
interest on short term financing cash expenditures
tax cash expenditure

dividend cash expenditure

accrued overhead from head office expenditure

Profit and loss gives the gross trading marginal profit, net

profit before taxes, taxes, net profit after taxes, dividends and

retained earnings, equations 13950 to 14170, Appendix "B"

The trading marginal profit equation is given as:

GTMP.X = TRSP.K + VALIVU - (TRMCP.X + TLCP.K + TCPGP.X + TPRODE.K)

Where:

GTMP
TRSP

VALIVU
TRMCP
TLCP
TCPGP
TPRODE

represents
represents
represents
represents
represents
represents

represents

the gross
the total
inventory
the total
the total
the total
the total

trading profit
sales revenue
value excluding packaging material
direct raw material cost
direct labour cost
packaging material cost

production expense
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rThe net profit before taxes equation is:

NPBT.K = GIMP.K - (TINBLP.X + TDEP.K +TOFOH.K + TADE.K + TINLTP.K + TSLE.K)
vwhere:

NPBT represents the net profit before taxes

GTMP represents the gross trading profit

TINBLP represents the total interest paid on short term financing

TDEP represents the total depreciated value

TOFOH represents the total overhead accrued from head office expense

TADE represents the total administration expense

TINLTP represents the total interest paid on long term loan

TSLE represents the total selling expense

The year end taxes to be paid on the net profit before taxes
are at a rate of TRATE. Since taxes are to be paid monthly on a
fluctuating net profit before taxes, only a percentage (AMOUNT) of

the actual tax rate (TRATE) is paid monthly with the appropriate

tax adjustment (DERITX) made at the end of the year.

Dividends are paid quarterly on the net profit after taxes

in the same manner that taxes are paid with the appropriate dividend

ad justment (DIVSPY) made at the end of the year.

Subtracting dividends (TDIVA) from the net profit after taxes

gives the retained earnings.

5.3.12 Liabilities (Figure 5.11)

The total liabilities include current liabilities, long term
loan value outstanding, value of common and preference shares and

retained earnings, equation 14180 to 14240, Appendix "B"

The current liabilities include accounts payable (raw material

(APRM) and packaging material (APPG)) plus taxes and dividends not paid.
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The equation for total liabilities is given as:

T1LIAB.K = CURLIB.K + BLTL.K + SHRCAP.X + RETPRF.K

where:

TLLIAB represents the total liabilities

CURLIB represents the current liabilities

BLTL represents the value of long term loan outstanding
SHRCAP represents the value of common and preference shares

RETPRF represents the value of retained earnings.

5,3.13 Assets (Figure 5.11)

The total assets include current assets and fixed assets,

equations 14250 to 14280, Appendix "B"
The current assets is given by the following equation:

CURAST.XK = ARP.K + CASHP.K + VALIV.K

vhere:

CURAST represents the value of current assets
ARP represents cash receivables

CASHP represents cash on hand or in bank

VALIV represents inventory value in stock.

The fixed assets are represented by BFAST.

5.3.14 Economic & Management Performance Ratios

The economic and management performance ratios are given in

equations 15880 to 16040, Appendix "B, namely:

- the gross profit ratio (GPR)

- the operating ratio (OPR)

- the expense ratio (EXR)

- the net profit ratio (NPBTR)

- the return on capital ratio (ROCER)
- the return on total assets (ROTASR)
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CHAPTER 6

{NITIAL INPUT DATA, TESTING, EXECUTING AND ANALYSIS OF FISH PROCESSING MODEL

6.1 Model Input Data

The following input conditions of a typical Newfoundland in-
shore fish processing plant as described in Chapter 5 is considered

for computer modeling.

Table 6.1 contains data related to plant's processing capacities,
labour productivity, yleld, labour cost, raw material cost, packaged
material cost and selling price. These parameters described are
assumed to remain constant throughout a simulation run, however, they

could be made stochastic if required.

- Plant cold storage capacity: 1,000,000 LBS.
- Plant freezer capacity: 100,000 LBS./DAY
- Daily labour productivity for freezing raw 10,000 LBS./MAN

material using existing equipment (plate freezers):

- Labour productivity percentage when processing 90%
thawed raw material:

- Additional yield drop when processing thawed 10%
raw material:

- Normal finished product shipping rate: 20,000 LBS./DAY
- Monthly production expense: $22,000

= Monthly head office expense: $ 4,750

- Monthly selling expense: $15,000

- Monthly administration expense: $ 7,300

- Yearly corporation income tax rate on net Loz

profit before taxes:
- Yearly dividend rate on net profit after taxes: 10%
- Yearly interest rate on long term loan: 10%
- Number of payments per year on long term loan: Z/YR.
- Life of long term loan: 35 YRS.
- Daily interest rate on short term financing: 10 3/4%
- Bank 1limit on short term financing: $250,000



TABLE 6.1

INPUT DATA FOR COMPUTER MODEL

Plant Pro- Labour Labour Raw Package Selling
SPECIES PACK TYPE cessing Capa- Productivit 2 Yield3 Cost Material Material Price
city~(1bs/day) (1b/man—day§ (%) ($/day) Cost($/1b) Cost($/1b) ($/1b)
FLOUNDER Fillets 40,000 410 22 32.00 0.12 0.06 0.96
5 1b. Sello Wrap
HERRING Butter-fly Fillets 60,000 1300 45 32.00 0.06 0.05 0.41
165 1b. Blocks :
MACKEREL Round 80,000 1600 100 32.00 0.05 0.02 0.15
40 1b. Boxes
CoD Fillets 60,000 640 33 32.00 D:135 0.05 1.00
165 1b. Blocks
SQUID Round 80,000 1600 100 32.00 0.05 0.03 0.27
40 1b. Boxes
BLUEBERRIES 40 1b. Boxes 100,000 250 90 32.00 0.35 0.04 0.72
FISH MEAL 75 0.0025
1 Plant processing capacity is the plant's space allocated for the processing of each particular species
pack type. The processing methods for each specieswere explained in Chapter 5.
2 Labour productivity is the average through-put of each speciespack type per man per day, based on
layout, methods used and the type of equipment.
3 Yield is the overall percentage of finished product obtained from each particular raw material supply.
4 Plant processing capacity, labour productivity and yield are average values which are assumed to

remain constant, but could be varied in the model if required.

=R} =
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- Depreciable 1life of fixed assets: 15 YEARS
- Number of times fixed assets are depreciated in 12

a year:

Raw material is supplied to the inshore plant according to the
season and local environmental conditions. The daily raw material
input for each speciessupplied to the model plant from January 1 to

December 31 is given in equations 6620 to 7050, Appendix "B

The daily market orders for finished goods inputed into the

computer model are given in equations 11660 to 11800, Appendix "BY

The packaging material quantities inpﬁted into the model which
are dependent on the anticipated production quantities for each species

are given in equations 9580 to 9630, Appendix "B".

The initial values of assets and liabilities at the beginning

of the year are given in Table 6.2.

All of the above input data related to the operation of a
Newfoundland inshore fish processing plant has been obtained from trade
Jjournals, newspapers, fish plant operators and sources affiliated with

the fish processing industry.

6.2. Testing and Debuggingof the Computer Model

The first test when any set of model equations is run on the
Dynamo IIF computer program is actually done by the Dynamo compiler. It
Checks the equations for the kinds of logical errors that represent
inconsistencies within the equation set itself, improper details in
€quation structure, and card-punching errors that represent impossible
Sltuations. These logical errors are printed out by the computer as

€rror messages vwhich normally are self-explanatory. Nevertheless, there
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TABLE 6.2
INITIAL VALUE OF ASSETS AND LIABILITIES

AT THE BEGINNING OF THE YEAR

" ASSETS
value of fixed assets $1,100,000
Cash $150,000
Accounts receivable -
value of inventory =
TOTAL ASSETS $1,250,000
LIABILITIES
Share capital issued:
500 preference shares 150.00/share = $ 75,000
2500 ordinary shares 70.00/share = $175,000 $250,000
Long term loan $1,000,000
Accounts payable -
Retained earnings from previous year -
Tax deferred .
Dividends deferred =
TOTAL LIABILITIES $1,250,000
Note: - assumed to be zero in order to maintain the anonymity of

the data source.
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are occasions when the error that caused the message is an unusual one

and the message is obscure.

Some typical logical error messages are as follows:

DEFINED PREVIOUSLY: Two or more L, A, R or S equations exist
for this quantity; only one such equation is permitted.

NOT DEFINED: Self-explanatory. Message is followed by one or
more lines explaining where the quantity appeared in the model.
Quantity is made a constant with the value O.

NOT USED: Quantity was defined but never appeared on the
right of any equation or any PRINT or PLOT card.

PREVIOUSLY DEFINED: Quantity identified was previously
defined. Balance of card ignored.

TOO FEW: Self-explanatory; a right parenthesis was added
where indicated, at a comma that doesn't appear to be related
to a function. DYNAMO will add a right parenthesis in hope
of matching the comma to a function.

TOO MANY: Self-explanatory. The one identified was ignored.

Errors may or may not be fatal, when the model will not continue

to be executed on the compiler. Errors such as mentioned above cause

no difficulty; +they are simply noted and the model continues to execute.

Some examples of fatal errors are as follows:

- NAME EXPECTED: Equation cards should start with a quantity

name.

- NOT OUTPUT SPECIFIED: No print or plot cards have been

processed.

- FUNCTION ON LEFT OF =: Function name may appear only on

right of equal sign.

A more complete listing of logical and fatal Dynamo error

messages are given in "Dynamo II Users Manual" by Alexander L. Plugh III.

The second and most important test may be classified as "model

behavior"

Model behavior is testing the system dynamic model to see

that it represents the actual system.
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Further discussion on model behavior was presented earlier in

Model Validity, Chapter 4.

The system dyanmic model of a Newfoundland inshore fish processing
plant as presented in Chapter 5 was obtained by continuous testing and
debugging of the model logic and behavior. To present all computer
outputs related to the testing procedure would take countless numbers
of pages, however, it would be appropriate to discuss descriptively

some of the more important tests that were done.

The first tests were related to loglical errors which were
simple to correct. Once these logical errors were corrected, attention
was focused on model behavior. Since the processing sector includes
multi-feedback control loops, this of course was where most attention

was placed.

The main feedback control loops were for buying and processing
of the raw material. The approach for testing the model behavior
in these two main feedback loops was to run the model for a relatively
short time with the appropriate variables printed every DT. A number of
short runs would be made having only one dominating variable in any
computer run, with all other affecting variables sufficiently large so
they would not be controlling factors in a particular run, however, still
remaining within the model boundaries. To further clarify this

Nethodology a simple example will be presented.

Let us assume that the model equations as presented in Appendix "BY
Were executed on the computer in their present form with the only change
being in equation 15540 where the plant's freezer capacity TFVC1 is reduced

from 100,000 to 5,000 LBS/DAY. Original with TFVC1 = 100,000 LBS./DAY, we
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noticed that the plant's freezer capacity was sufficiently large that
it never became a controlling variable for the amount of fish processed
on any particular day, however once it was changed to 5,000 LBS./DAY it
pvecame a controlling variable. If the model was run with this change

for every DT the following should be observed.

- The sum total of all specles processed on any given day will
not be greater than 5,000 lbs.

- There will be no prccessing of lower priority species when
the supply of higher priority species is greater than 5,000 lbs.

- The daily wvalue of rates for the quantity of raw material
bought, fresh raw material processed, frozen raw material
processed and finished goods shipped for each specieswill
never be negative.

- The value of inventory levels for each specieswill never be
negative.

- The quantity of raw material spoiled because it was held as
fresh raw material for longer than 2 days will be zero.

- The restrictions on the buying and processing of raw material
for product "A" were met before any excess freezer capacity
was allocated to subsequent products.

- A particular quantity of raw material follows the pattern
of first being bought, then processed and later sold.

- The total assets equal the total liabilities for each DT.

As can be seen from the above example, by making one variable a
controlling variable for one complete computer run, the inadequacies in
the model can more readily be identified. Once this approach has been
used for testing model reaction to different variables which are made
controlling variables, then the model may be tested for varying controlling
Parameters. This is to say that at time 5, raw material may be a con-

trolling variable.

Another method that is often very useful when building a ccmplex
feedback computer model is to build the model in stages with each par-

ticular stage tested prior to being ccnnected to other stages.
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6.3 Execution of the Model on Dynamo IIF

6.3.1 Model Spec, Print and Plot Cards

There are four quantities that specify the essential parameters
of a simulation run:
— DT the interval of TIME between TIME J and TIME X

- LENGTH the value of TIME when the run is to be terminated

~ PRTPER the interval of TIME between each print-out of the
the results 3

- PLTPER the interval of TIME between each plot output of the
results

The card that specifies these parameters is the SPEC caxrd. The
SPEC card for the Newfoundland fish processing model, equation 16050,

Appendix "B is given as:
SPEC DT = 1/LENGTH = 300/PRTPER = &/PLTPER = 10

where TIME = 0 represents January lst. and TIME = 300 represents

December 31st. The units of TIME are days.

The print cards are given in equations 16060 to 16190,
Appendix "B© The first print card specifies that in the first column
the variable AFGRP will be printed. The number previous to the closed
Parenthesis specifies the column this particular variable is to be
Printed in the print-out of the results, in this particular case AFGRP is
to be printed out in column 1. The remainder of equation 19060 and 19190
are likewise specified, with the initial X in equation 19061 identifying

it as a continuation of the preceding card.

The plot cards, equations 16200 to 16210, Appendix "B' indicates
Several graphs of variables versus time. The maximum of 10 variables

are permitted on any one plot. The name of the variable is specified



- -117-

and the symbol which is to be used for indicating that variable. When

the plotting scales are not indicated, DYNAMO II will automatically

F
scale to ensure that the width of the page is effectively used and

that the full range of the variable falls on the plotted page.

6.3.2 Computer Outputs

Tables 6.3 and 6.4 give the DYNAMO IIF print-out and plot
output for the Newfoundland fish processing model equations, as presented

in Appendix "B%" The model was simulated on IBM - 370/158 computer.

Table 6.3 presents the model from an economic viewpoint while
Table 6.4 presents the model from its production viewpoint. The

computer results for each case are given every 6 days to reduce the

number of pages.



TABLE 6.3

COMPUTER PRINT-OUT FOR THE ECONCMIC VIEWPOINT OF THE NEWFOUNDLAND INSHORE

FISH PROCESSING MODEL AS PRESENTED IN APPENIDIX "B"

RUN-BASIC FISH PROCESSI MODEL OF A NFLD INSHORE FREEZER PLANT

TIME  AFGRP  ACRHP ALCP  ACPGP TRSP GTHP NPET SHRCAP EEE MPHR GPR
BFGRP  BCRMF BLCF  BCPGF VALIVU TINELP  TTAXA BLTL TDEP HPHF OFR
CFGRP  CCRHP CLCP  CCPGP  TRMCP TOEP  TDIVA RETPRF  EFAST HPH EXK
[IFGRF  DCRHP DLCF  DCFGP TLEP TOFOH RETPRF ACPAY  CASHP MPC  NFBIR
EFGKF  ECRMP ELCP  ECPGP  TCPGP TADE IERITX ARP HPS  ROCER
FFGRF  FCRMP FLCP  FCPGP TPRODE TINLTP DIVSPY  VALIV MPB ROTASR
AFGKP  TRMCP TLCP  TCPGP GTHP TSLE CURLIB CURAST
TRSF NPET TLLIAE  TLAST
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TABLE 6.4

COMPUTER PRINT-OUT FOR THE PRODUCTION VIEWPOINT OF THE NEWFOUNDLAND INSHORE

FISH PROCESSING MODEL AS PRESENTED IN APPENDIX "B"
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