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For years, the Oregon fishing industry has argued that the lack of coastal cold

storage designed to handle seafood has severely limited the opportunity to

develop value-added products and retain seafood industry employment. Once

landed, the majority of Oregon seafood spends little time on the coast, and a

large portion of that seafood is stored in facilities along the 1-5 corridor from

Eugene to Bellingham. Many of these facilities are designed to hold agricultural
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By using readily available software and collecting necessary cost data, a
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Oregon Coast Cold Storage: Simulation Modeling and Optimal Temperature
Management for Efficient Planning

Introduction

The Northwest commercial fishing industry is undergoing dramatic changes.

Sustainability, stock protection, and over-fishing provisions within the Magnuson-

Stevens and Endangered Species Acts have severely limited harvest opportunities for

several key species along the Oregon coast, including salmon and groundfish. Some

bright spots, however, have emerged in the fishing industry within the past several years;

albacore harvests have rebounded to catches not seen for over twenty years, Pacific

whiting has become a significant contributor to commercial fishing income in the past

decade, and more recently, sardine populations have returned to population levels large

enough to warrant a commercial fishery. Other important fisheries such as Dungeness

crab have continued to play an important and sizeable role in the Oregon commercial

fishing industry. Unfortunately, these fisheries have not been large enough or grown

enough to offset the losses attributed to salmon and groundfish harvests, and recently a

groundfish vessel and license buyback program was implemented to mitigate the losses

of those harvests to commercial fishers (PFMC, 2003).

In response to diminished revenue from commercial fishing activities, several Oregon

coastal communities have been discussing ways to increase the value of seafood products

and retain seafood-related jobs. Many fishing and community leaders point to the

development of coastal cold storage facilities as one means of achieving that goal.

For years, the Oregon fishing industry has argued that the lack of coastal cold storage

designed to handle seafood has severely limited the opportunity to develop new products

and value-added products. The majority of Oregon seafood is currently stored in facilities

along the 1-5 corridor from Eugene to Bellingham. Many of these facilities have been

designed to hold agricultural and livestock products that do not have the same storage



temperature requirements as seafood (typically 20 Fahrenheit or lower). When seafood

is stored at a temperature range that is near temperatures required for agriculture and

livestock, there is usually significant loss in product quality and shelf life resulting in a

lower valued product. Conversely, there is a measurable retention of quality when

seafood is stored at temperatures as low as 20 degrees Fahrenheit (Kolbe and Kramer,

1993). Other research done by the Alaska Sea Grant and the Commonwealth Scientific

and Industrial Research Organisation of Australia has concluded that chilled fish is also

subject to wide variations in shelf life depending upon the stored temperature. For

example, a simple model which measures the shelf life of fresh seafood products as a

function of temperature is r = (0. it +1), where r is the rate of spoilage and t is the

temperature in Celsius (Doyle, 1993).

Although quality is a rather arbitrary term, studies have used conjoint and hedonic

methods to show that certain quality attributes in seafood products have an effect on the

prices received for those products (see Larkin and Sylvia, 1999 and Roth et. al., 2000).

Measuring the aggregate decline in those quality attributes over time is commonly done

through Time-Temperature-Tolerance (TTT), which is defined as a method used to

estimate shelf-life through the relationships of storage temperature, storage time, and the

change in quality (Kolbe and Kramer, 1993, Edhborg, 1965). By combining TTT with

conjoint or hedonic price methods, it may be possible to predict changes in value between

products held at different times and temperatures.

Several other ideas have surfaced such as increasing the bargaining power of the

Northwest fishing industry through the increased shelf life of products stored at optimum

temperature. A facility capable of storing products at 20° F or less could dramatically

increase the shelf life, enabling the industry to hold product while awaiting favorable

market conditions, or by evening the flow of seafood for year round distribution. This

could have a positive effect on seafood processing including supporting year-round

employment. Anecdotal evidence also indicates that some independent commercial

fishermen along the Oregon coast have been using freezer vans to hold their catch. A cold

storage facility would arguably be more reliable and may cost less.
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Although opportunities exist for appropriately designed seafood cold storage, there are

significant challenges associated with cold storage development. Many types of seafood

harvests are seasonal and occur during a short and concentrated period. For example, the

Pacific whiting resource is landed along the Oregon coast during the summer months.

This is the largest fishery along the west coast (south of Alaska), but in 2003, the shore-

based season lasted approximately one month. This presents significant challenges to a

cold store that holds Pacific Whiting products since that cold store would need to be

constructed to accommodate high inventory loads during the harvest period, but less

inventory may be available when the harvest period is over. As product dissipates from

inventories, a case may develop where a significant amount of the cold store capacity

goes unused during much of the year, resulting in a low occupancy rate, and difficulty in

achieving profitability.

3
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Background and Existing Literature

Two main themes differentiate seafood-based cold storage from terrestrial-based cold

storage. One is the fact that seafood requires lower temperatures than other food

products. The other is the fact that seafood harvests tend to be characterized by a brief

and concentrated harvest period, followed by a longer marketing period where product is

sold out of inventories (Wessels and Wilen, 1993). Appropriate analysis would require

examining the benefits of lower temperature cold stores, and an analysis examining the

influence of brief periods of inventory inflow. The implications of designing for lower

temperatures will be improvements in quality retention along with higher costs.
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Designing cold stores for inventory with a brief harvest period may translate into a low

average annual occupancy rate.

Previous studies have been done examining the feasibility of constructing cold storage on

the Oregon coast. However, these studies were done in 1976 and 1979 (Shadbolt, 1979,

Martech Company, 1976) and are no longer applicable to current day scenarios. The

previous studies examining cold storage opportunities on the Oregon coast focused on the

demand and feasibility for a cold store with a given temperature. Near the same time

these studies were completed, research was done describing the tradeoffs between cold

storage cost and quality retention at different holding temperatures. Poulsen and Jensen

(Poulsen and Jensen, 1978) discussed the tradeoff cold storage may have at different

holding temperatures through energy requirements and quality retention. Energy

requirements are influenced by insulation thickness, refrigeration equipment, and storage

temperature. By holding insulation thickness and refrigeration equipment constant,

Poulsen and Jensen developed a conceptual tradeoff showing differences in energy

requirements and quality retention associated with changes in holding temperature. This

tradeoff can be explained in a supply-demand manner, where the supply curve,

represented by energy consumption, increases with decreases in temperature, and the

demand curve, represented by quality loss, decreases with decreases in temperature. The

optimum temperature is the point where both curves intersect. This analysis provides

some interesting insights into planning for seafood cold storage, however there are many

other cost factors involved in planning for seafood cold storage.

Cost

The cost of constructing and operating cold storage is dependent on several factors which

can be divided into three areas: first costs, annual fixed charges, and operating costs

(Johnston et. al., 1994). Table 1 shows the types of cost included in each category as

defined by Johnston et. al., 1994.
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Table 1. Types of Cost Associated with Cold Storage

Buildings Depreciation Electricity

Land Interest Water

Refrigeration Equipment Insurance Oil

Handling Equipment Taxes Labor

Capital Maintenance Plant hire costs

Source: Johnston, Nicholson, Roger, and Stroud. 1994. Freezing and Refrigerated
Storage in Fisheries. FAO Fisheries Technical Paper 340

Quality

Temperature and handling practices are the most important factors in determining the

shelf life of all species of fish (Doyle, 1993). During frozen storage, food is held at a

temperature where bacterial changes are inhibited and enzyme action is greatly retarded

(Kolbe and Kramer 1993). At 15 degrees Fahrenheit, the growth and multiplication of

bacteria is arrested, but enzyme activity is not significantly reduced until 00 F (Huss et.

al., 1995, Nicholson et. al., 1994). The two major contributors to quality deterioration in

frozen food are described as protein denaturation and oxidation reactions (Kolbe and

Kramer, 1993). Protein denaturation, accompanied by a loss of water holding capacity, is

described as a toughness and dryness in fish when sampled by sensory panelists.

Minimizing protein denaturation depends on the quality of material when it is first frozen,

low temperature storage with minimum temperature fluctuation, and proper packaging

(Kolbe and Kramer, 1993). The second major cause of quality loss (lipid oxidation) is

described as the loss of flavor and nutrition often accompanied by undesirable color

changes. This can be controlled by glazing the frozen food with ice, using packaging

material that does not expose the fish to oxygen, or using an antioxidant in a covering

glaze.

6

Although causes of quality deterioration are known, quantifying an actual level of quality

is more difficult. The quality of refrigerated foodstuffs is generally an arbitrary notion

First Costs Annual Fixed Costs Operating Costs



(Moreno, 1984). In addition, seafood quality is difficult to measure and standardize;

consequently, there are few quality-graded products compared to terrestrial based

industries. (Larkin and Sylvia, 1999). Some studies have identified a practical shelf life

(PSL) and high quality life (HQL) for fish held at different storage temperature (Johnston

et. al., 1994, Kolbe and Kramer, 1993). HQL is defined as the time of storage of the

initially high quality product to the moment when the first statistically significant

difference in quality appears (Kolbe and Kramer, 1993) or when various deteriorative

changes have accumulated to such an extent that trained experts are able to judge the

quality one mark lower than the initial value on a ten point scale (Poulsen and Jensen,

1978). PSL is defined as the period of storage during which the product retains its

characteristic properties and suitability for human consumption or intended process.

Value and Quality Relationship

For some buyers the most salient aspect of price is the connotation of quality (Morris and

Morris, 1992). In this sense, quality can be viewed as a direct axiom of choice, where

utility is reflected as a function of quality and quantity (Nicholson, 1998). This approach

encounters difficulty when the quantity consumed of a commodity consists of a variety of

qualities (Nicholson, 1998), as is the case in seafood products. In this case, a buyers

utility is derived from the product attributes and levels (Anderson and Bettencourt, 1993).

Hedonic prices are often used to measure consumer preferences of those attributes and

their respective levels. Prices emerging from fish auctions can be viewed as hedonic

prices where the price of an individual fish depends on its characteristics, including

species, fat content, type of handling, and fish size (McConnell and Strand, 2000). Today

there is considerable literature on the hedonic prices of agricultural commodities,

including tomatoes, apples, wheat, cotton, milk, beef, and grapes. However, the hedonic

study of fish prices appears underdeveloped, despite the growing awareness that the

quality of fish is an important characteristic of seafood markets (McConnell and Strand,

2000). One reason for the lack of hedonic prices is because the majority of seafood

7



products are not standardized or measured by a set of agreed-upon or binding quality

characteristics (Larkin and Sylvia, 1999; Anderson and Anderson, 1993).

In spite of the lack of "hedonic price method" studies, there is evidence that quality

characteristics influence the price received for seafood products. Hedonic and conjoint

price studies have been done on several seafood products including U.S. produced Surimi

(Larkin and Sylvia, 1999), Hawaiian Tuna (McConnell and Strand, 2000), Salmon

(Anderson and Bettencourt, 1993), and Tuna and Marlin (Bartram and Kaneko, 1996).

Such studies have shown that there are price differences between products of different

quality levels as defined by their attributes.

When a commodity consists of a variety of qualities or attributes (such as seafood),

quality might be defined as an average (Nicholson, 1998). Using this definition of quality

is appropriate when applying it to shelf-life, or Quality-Time-Temperature-Tolerance

(QTTT). Shelf-life testing consists of selecting the quality characteristics that deteriorate

most rapidly over time, and the mathematical modeling of change (Fu and Labuza, 1996).

In this sense, remaining shelf-life can be used as an indicator of average quality for a

product held in cold storage for a given time and temperature.

Assuming that the rate of quality deterioration is a good indicator of the rate of price

deterioration, then optimal temperature setting becomes a more dynamic question than

the concept described by Poulsen and Jensen (1978). The question is dynamic in the

sense that the cost of holding seafood products in storage is increasing over time, quality

is decreasing over time, and frozen inventory is being sold over a time spectrum.

8
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Introduction

For years, many industry and conm-iunity leaders have argued that the lack of coastal cold

storage has constrained the Oregon seafood industry. Proponents have suggested that

such a facility would enhance the local fishing industry's ability to develop value-added

products, hedge against market fluctuations, and support year round employment in

coastal communities. Others have countered that sufficient cold storage exists along the I-

5 corridor, and that development of cold storage on the Oregon coast is risky given that

the predominant input would be seafood - a class of "wild" food products which has

historically demonstrated significant variability. In spite of the high risk associated with

cold storage development, many continue to envision coastal cold storage as an integral

component of the Oregon fishing and seafood industry.

Discussions with parties interested in development of Oregon coastal cold storage have

yielded a wide range of ideas including: 1) a large cold store constructed to attract

Seattle-based seafood companies, 2) a cold store holding a diverse range of food products

including seafood, cranberries, and chickens, 3) a relatively small, low temperature cold

store used to support development of albacore value-added products, 4) a cold store

integrated with a major seafood processor, and 5) a cold store integrated with a salmon,

albacore, and Dungeness crab fishermen's cooperative.

The significant interest in cold storage projects on the coast provided the impetus for

developing a decision support tool for objectively evaluating the potential economic risks

and opportunities for coastal cold storage development. However, due to the wide range

in scale and scope of the projects discussed, it was clear that a single feasibility study

would not be appropriate. Recognizing the need for a flexible tool, a simulation model

was developed that could accommodate a wide range of needs and interests but also

provide enough specificity to help individuals and communities evaluate alternative
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concepts. The model is designed to be used by individuals with only a basic

understanding of computers and spreadsheets.

Background

To understand the challenges, opportunities, and issues pertaining to cold storage

development, it is useful to understand the needs of cold storage operation and the current

cold storage infrastructure and supply in the Pacific Northwest region.

Cold storage is an important element of the food distribution network. In order to attract

customers, cold storage must effectively integrate with food and natural resource-based

product suppliers, must coordinate with the global transportation system, and must be

cost-effective and competitive. In addition, profitable cold stores must have sufficient

inventory to capitalize on economies of scale which characterize cold storage

construction and operation. Anecdotal evidence suggests that extremely large cold stores

in the Puget Sound area require an average annual occupancy of 55 - 60% to justify

operation, though the rate and degree of inventory turnover can have a substantial effect

on this percentage (Suelzle, 2002; Unger, 2002).

Cold storage in Oregon and Washington is located around major transportation centers,

major population centers, and areas that can be described as centrally located to a specific

region. In Washington, most cold storage infrastructure is located in the Puget Sound

region. This region is represented by a major international airport, significant maritime

infrastructure and transportation, major freeways, and within Washington's main

population and business centers. Puget Sound cold storage attracts seafood from Pacific

Northwest fisheries, and other domestic and international products which are distributed

by land, sea, and air. It also has an additional advantage by being the first major U.S.

port in the lower 48 states for Alaskan seafood. These factors have resulted in relatively

high and relatively stable inventory volume for cold storage in the Puget Sound area.
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Because the Oregon coast is somewhat remote, being removed from major transportation

networks, sources of products to be held in coastal cold stores would be limited to the

coast and surrounding regions. Generally, the only potential sources of inventory are
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available cold stores in the states of Oregon and Washington as reported by the

International Association of Refrigerated Warehouses.
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those originating on the coast or passing through the coastal region to reach

transportation networks. In some coastal counties, potential inventory includes

cranberries, dairy, and seafood. However, cranberry harvests are limited, and dairy

production is concentrated in one major cooperative with established distribution

networks.

By far, the most likely input for cold storage on the Oregon coast is seafood; however,

seafood landings on the Oregon coast are extremely variable both within and across

seasons. Within-season variability is the result of monthly cycles in commercial species

abundance with the largest landings and diversity of commercial species occurring during

the summer months. Interannual variability is the result of changes in allowable

biological catch, optimum yield specifications, and harvest effort per year. While this

variability is typical of nearly all global fisheries, it presents a challenge to a key

infrastructure such as cold storage that is largely dependent on the ability to plan for the

long term and requires a relatively stable volume or "flow" in order to be cost-

competitive and profitable.

The simulation model described within this document combines the monthly seafood

landings data along the Oregon coast with various submodels of capital and operating

cold storage costs. The model allows the user to adjust parameters (eg: temperature,

labor, and storage rates) based on their expectations of specific business operations. The

model-generated result is estimated annual and cumulative profitability for 20 years of

proposed cold store operation.

Inventory Estimation

The first step in designing a successful cold store is estimating expected inventory or

demand for cold storage in order to determine necessary capacity. In general, estimates of

inventory are based on an input source and the inflow and outflow of that input. In the

case of a cold store designed primarily for seafood, storage inputs are a function of

13



14
several variables, including expected monthly fish landings, proportion of landings

sold fresh versus frozen, processed yield, and the storage period for each frozen product.

Sources of Inventory

For a business that depends on relative stability, seafood presents significant challenges

due to the highly seasonally and annually variable nature of fish harvests. In many cases,

reasonable calculations can be made of annual landings, but there is a high degree of

uncertainty regarding the size of future landings for any given fisheries product.

The pattern of annual variability for Oregon commercial fish harvests has been relatively

predictable for several species and relatively unpredictable for others. These concepts are

illustrated in Figure 3 through Figure 6, which shows the distribution of commercial

landings of selected species over the course of a year. The top two figures show salmon

and albacore landings per month for four different years (measured as a proportion of

annual landings per month). These figures indicate that the annual pattern of albacore

landings is relatively predictable, while the annual pattern of salmon landings is less

predictable. The bottom two figures show the annual pattern of Dungeness crab and

sardine landings. Dungeness crab is a relatively stable fishery, while it appears the

sardine fishery is relatively unstable. The sardine fishery (in its present form) is relatively

new, and so little historical information is available with which to predict trends in future

harvests. However, it does appear that the frequency of sardine harvests is becoming

more predictable as the fishery matures.



Figure 3. Landings of Salmon by Month and Year

Units are Portions of Annual Landed Catch

Figure 4. Landings of Albacore by Month and Year

Units are Portions of Annual Landed Catch
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Figure 5. Landings of Sardines by Month and Year

Units are in Portions of Annual Landed Catch

Figure 6. Landings of Dungeness Crab by Month and Year

Units are in Portions of Annual Landed Catch
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The total annual commercial fish landings on the Oregon coast have ranged from

approximately 230 million pounds to 270 million pounds over the 1995 2001 time

period. Although the range in landings for these years is relatively narrow, landings of

individual species have shown wide variability. Figure 7 through Figure 10 show the total

pounds of several species landed in the state of Oregon per year.
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Figure 7. Annual Landings of Albacore in Oregon



Figure 8. Annual Landings of Sardines in Oregon

Figure 9. Annual Landings of Dungeness Crab in Oregon
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Figure 10. Annual Landings of Salmon in Oregon

The considerable variation in commercial landings within and across years and the

variability in species composition of the aimual catch poses a significant degree of

uncertainty for a cold store operating along the Oregon coast. Revenues collected by a

cold store are based on the total inputs of product into storage, input flows per month, and

the mix of species held in inventory. The total annual input is important because there are

considerable economies of scale associated with cold store construction and operation. In

general, higher predictable quantities translate into greater economic efficiency. The

amount of input and inventory per month is also important because revenues are

dependent on the occupancy rate per year. A more steady flow of inputs results in a

higher occupancy rate. The mix of species is important because the volume/density ration

will vary by species. In addition, shelf life will vary by temperature and species. The

result is that different storage charges are often applied to different species. An

appropriately designed cold store would operate at a temperature that generates the most

profit relative to the species mix within storage. The inability to plan for a certain species

mix makes it difficult to establish optimum storage tariffs, or to design for optimum

temperature.
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Sources of Inventory: An Uncertain Future

Many fisheries around the world have been characterized by a pattern of overfishing.

This cycle is largely the result ofa failure of property rights and imperfect information in

the management of fisheries stocks. In the case of Oregon coast fisheries, several species

of salmon have been declared threatened or endangered, and nine species of groundfish

have been classified as "overfished." The Pacific whiting stock has been harvested in

excess of the estimated allowable biological catch for several years largely because this

fishery crosses Canadian and U.S. waters, and until recently the two countries were

unable to agree on how the catch should be shared. Furthermore, the status of many

species of groundfish off the Oregon coast remains unknown.

Many would argue that this uncertainty makes the development of cold storage on the

Oregon coast a risky venture. However, risk and uncertainty are related but different

concepts. While risk has a known mean and probability distribution, uncertainty cannot

be quantified but is identifiable. For example, risk is associated with Dungeness crab

landings, while uncertain factors include whether a fish stock will collapse or whether

regulations dictating fish harvest will change. Based on the wide array of factors and

unknowns in determining future landings, future potential inventory is as much a matter

of uncertainty as risk, posing many problems in forecasting future sources of inventory.

Diversification of species and product held in cold storage is a common means of

hedging against fluctuation and uncertainty in the future. Although the future of fish

harvests is unknown, relying on fewer species subjects business operations to greater

variability and risk due to potential stock collapse or regulatory change associated with

each individual species. To hedge against the chances of annual input fluctuations, firms

should attempt to diversify their inputs by increasing the number of species held in

inventory.
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Inventory Dissipation

While it is necessary to know the quantity of landings or processed product in order to

estimate total inventory demand, these data are not sufficient to estimate demand. The

second component of inventory demand is an estimate of how quickly product will flow

out of storage, that is, the rate of inventory dissipation. The rate of inventory dissipation

is dependent on a wide array of factors, and typically differs for each species and product

form. The rate of inventory dissipation also has implications for the quality of inventory

when sold. For example, the quality of fatty fish generally deteriorates more quickly than

leaner fish while in frozen storage which can reduce its value.

Past research has shown that the decisions and factors affecting the inventory dissipation

rate are not dissimilar to those driving non-renewable resource extraction, where the rate

of dissipation fluctuates within market prices. In the case of planning for cold store

development, the rate of inventory dissipation is based on a series of assumptions and

expectations that lead to an expected dissipation rate that (for planning purposes) is fixed.

In general, the planned rate of inventory dissipation for seafood should be sufficient to

clear inventory of a given species before the next season begins.

Figure 11 and Figure 12 show average landings and average surveyed cold storage

inventory of Coho salmon and Dungeness crab over the 1997 - 2001 period as reported

by the National Marine Fisheries Service. The amount of surveyed inventory does not

represent an estimate of actual pounds in inventory, but it can be used for showing

seasonal patterns. The graphs clearly show that inventory and landings are directly

related. For Coho salmon, the two-month lag is due to the fact that the accumulation of

inputs exceeds the rate of inventory dissipation during the two peak landings months.

Therefore, the sum of the two peak months generates the highest level of inventory, and

the peak inventory is near the month following the largest month of landings.
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Figure 11. National Landings and Surveyed Inventory of Coho Salmon (average
pounds 1998 - 2001)
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Figure 12. National Landings and Surveyed Inventory of Dungeness Crab (average
pounds 1998 - 2001)

Constructing the Appropriate Cold Store

Many economic factors determine the cold store design appropriate for a given situation.

In some cases, the best economic solution is not to build a cold store. In other cases, the

best option will be the construction of a large, low temperature, state-of-the-art facility.

Some items to consider include demand for a cold store, expected species mix of

inventory, and the cost of using an existing cold store. Demand for a cold store takes into

account such variables as whether the cold store is publicly available, or whether it

integrates with a seafood processor. If a cold store is publicly available, the demand for

that cold store will depend on factors such as competition with other cold stores in the

area, the ability of that cold store to effectively integrate with transportation networks,

and sources of inventory in the area. If a cold store is integrated with a processor, then

23



demand for that cold store can be more easily determined, being purely a function of

that processor's operations.

The mix of species and respective market demand influences the choice of holding

temperature since the shelf life of certain species is more affected by holding temperature

than others. The quality of fatty fish generally deteriorates more quickly in frozen storage

than lean fish, but the rate of deterioration is slowed as temperature decreases. If fatty

fish with high relative demand are held in storage, one might optimally design a low

temperature cold store to preserve quality, or alternatively, subdivide the cold store into

several rooms of different holding temperatures to accommodate the temperature needs

of different products.

Other factors that determine appropriate cold store design include economies of scale and

need to access stored inventory. In some cases, operators may not be concerned with

access to stored inventory and may optimally design a facility that accommodates a first

in - first out (FIFO) approach where inventory is tightly stacked, there are no aisles

dividing the storage area, and inventory is delivered in the front and removed from the

back. Other cold stores may be designed with multiple aisles to facilitate a selective

approach for turning over inventory, necessitating a larger facility to accommodate aisle

space.

Cold Storage Cost

Three engineers and cold store designers within the United States were contracted to

provide estimates of cold storage costs for cold stores ranging in size from 640 to

375,000 cubic feet, and for temperatures ranging from 40 to -.l0 F. Data was provided

on the cost of refrigeration equipment, the cost of the cold storage box (the shell of the

building), and the cost of sprinklers, foundation, and racking.
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One important note is that there are costs of cold storage that are not explicitly associated

with construction and operation. For example, frozen rockfish sells for considerably less
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than fresh rockfish. This price differential is viewed as a cost since the value of frozen

inventory is worth considerably less than the value of that inventory if it was sold fresh.

This cost is included as an opportunity cost in the analysis since the lost opportunity of

selling the product fresh is reflected in lower profits.

Capital Cost

The capital cost of a cold store building can be divided into two major parts: the cost of

the cold storage box, or the building cost without refrigeration equipment, and the

refrigeration equipment. Other costs include the cost of land, foundation, racking, lights,

utility installation, and sprinkler system.

The cost of a cold storage box is best described in cost per cubic feet over the size range

of facilities described in this document. Cost per cubic foot is used over this size

spectrum because both height and area are changing as the cold store size increases. For

larger facilities, cost per square foot is typically adequate since height does not vary

substantially as the size of the cold store changes. In general, the cost per cubic foot

decreases as the size of the cold store increases. In the smaller size ranges cost per cubic

foot decreases rapidly as size increases, but as size gets larger, the rate of decrease in cost

per cubic foot declines. Although cost per unit volume always decreases, the total cost of

the box always increases as it becomes larger.

The predicted cost of a cold storage box is calculated using statistical models. In the

example below, a log-linear spline regression was used, where the "knot" in the

regression occurs at _200 F. Temperature generally affects the cost of the cold store box

by necessitating differences in insulation and ceiling design for maintaining different

temperatures. According to cold storage designers, the cost of a cold storage box

increases rapidly at temperatures below 20°. Designs below this temperature begin to

push the technological bounds of cold storage design, whereas design temperatures

between -10° and 20° vary little in cost.



Table 2. A Log-Linear Model of Cold Storage Box Cost (Cost per Cubic Foot)

Regression Statistics
RSquare 0.75
Adjusted R Square 0.71
Standard Error 0.23
Observations 25

Intercept
LN (Cubic Feet)
LN ((Fahrenheit *1)..20)*dl
LN (Fahrenheit*_1)

Figure 13 shows the results of the above regression.
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Figure 13. Predicted Cost of Cold Storage Box (cost per cubic foot)
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3.39 0.54 6.23 0.00 2.26 4.52
-0.23 0.03 -7.80 0.00 -0.29 -0.17
0.05 0.27 0.19 0.85 -0.52 0.62
0.03 0.16 0.20 0.84 -0.30 0.36



Regression Statistics
RSquare 0.9278
Adjusted R Square 0.9197
Standard Error 0.1463
Observations 21

Coefficients Std Error
Intercept 4.1482
LN (Fahrenheit*1) 0.4770
LN (Square Feet) -0.2875

Figure 14 shows the results of the above regression.
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The cost of refrigeration machinery is best described in terms of cost per square foot,

because large portions of refrigeration machinery are generally laid out across the ceiling

of a cold storage building. Generally, refrigeration cost per square foot will decrease as

area increases, and increase as design temperature decreases. Costs per square foot

generally follow the same shape as box costs, and therefore, are estimated with a log-

linear model consistent with general theory and data provided by cold store designers.

Table 3. A Log-Linear Model of the Cost of Refrigeration Machinery (cost per
square foot)

T Stat P-value Lower 95%Upper 95%
0.2434 17.0413 0.0000 3.6368 4.6596
0.0564 8.4571 0.0000 0.3585 0.5956
0.0228 -12.6359 0.0000 -0.3353 -0.2397
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Figure 14. Predicted Cost of Refrigeration Machinery (cost per square foot)

The costs of the building foundation, racking, and sprinkler system are estimated with a

function describing costs per cubic foot. This function is size- and temperature-

dependent; costs per cubic foot decrease as size increases and increase as temperature

decreases. The change in costs resulting from temperature changes is largely the result of

the amount of underfloor heating (to keep the ground from freezing) as design

temperature is lowered. This cost category can also be approximated with a log-linear

model. The statistical model is summarized in Table 4 and graphically displayed in

Figure 15.
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Table 4. A Log-Linear Model of the Cost of Foundation, Racking and Sprinklers
(cost per cubic foot)

Regression Statistics
RSquare 0.61
Adjusted R Square 0.56
Standard Error 0.26
Observations 20

$4.00
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Figure 15. Predicted Cost of Foundation, Sprinklers, and Racking (cost per cubic

foot).

Coefficients Std Error T Stat P-value Lower 95%Upper 95%
Intercept 1.93 0.50 3.87 0.00 0.88 2.98
LN (Cubic Feet) -0.20 0.04 -5.06 0.00 -0.29 -0.12
LN (Fahrenheit*1) 0.14 0.10 1.38 0.18 -0.08 0.36
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Operating Costs

The main costs of operating a cold store are labor and refrigeration energy. The cost of

labor is dependent on specific business operations, but generally more labor is required as

inventory increases. The simulation model does not include a submodel to calculate labor

costs (or other operational costs other than energy) since other operational costs are

dependent on the specific business operation. These other operational costs would be

estimated by the user of the model and input into the appropriate section of the model.

Refrigeration energy depends primarily on the size and holding temperature of the

building. Estimated refrigeration energy is based on a log-linear model fit to data

provided by cold store designers. Table 5 and Figure 16 show the predicted annual

demand of refrigeration energy in kWh per cubic foot.

Table 5. A Log-Linear Model of Energy Demand (annual kWh per cubic foot)

Regression Statistics
RSquare 0.97
Adjusted R Square 0.97
Standard Error 0.22
Observations 18

30

Coefficients Std Error T Stat P-value Lower 95% Upper 95%
Intercept 6.78 0.41 16.46 0.00 5.91 7.66
LN (Cubic Feet) -0.61 0.03 -21.94 0.00 -0.67 -0.56
LN (Fahrenheit*1) 0.52 0.09 5.70 0.00 0.32 0.71
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Figure 16. Predicted Demand for Refrigeration Energy (kWh per cubic foot)

Other Costs

The cost of other items can vary significantly according to location and business

operating conditions. Some of these items include the number of storage pallets needed,

the cost of running utilities to the site, permit and impact fees, and the cost of transporting

materials. Costs of transporting materials to the construction site will vary depending on

the location of manufacture for those materials and the location of assembly. One cold

storage contractor provided estimates for the cost of transporting materials from the

Midwest to Alaska, shown here to indicate the scale of costs for material transportation.

Since the cost of items such as transportation will vary depending on many factors

including distance and weight, there are no submodels within the simulation model to

estimate these costs.
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Table 6. Estimated Cost of Freight from the Midwest to Alaska
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An additional indirect cost that needs to be considered in cold store design is that of

transporting product to market, a factor which can be important in determining the

competitiveness of a cold store. In the case of seafood in Oregon, the location of the cold

storage plant is irrelevant in many instances because most seafood is landed on the coast

and eventually must be shipped to Portland or Seattle. Whether that cold store is located

on the coast or in Portland will not change the route or cost of transportation. In some

cases, however, the location of a cold store may affect transportation costs. For example,

year round processing on the coast is more feasible with a coastal cold store because

processing facilities would not need to store their product within the Willamette Valley

(or some other location) and pay for transportation to and from the coast for processing.

With this issue in mind, the cost of trucking seafood round-trip from Newport to Albany

and from Astoria to Forest Grove was calculated based on the assumption of a full

truckload and a capacity of 45,000 pounds for a refrigerated trailer. Based on information

gathered from trucking companies, the estimated cost under these assumptions is less

than one cent per pound. The range of costs for round-trip transportation between the two

locations is shown in Table 7.

Cubic Feet of
Cold Store

Design Temperature
-10 -20 -40

2,240 $3,100 $3,410 $3,720
15,200 $7,800 $8,580 $9,360
37,224 $13,000 $14,300 $15,600

133,200 $30,000 $33,000 $36,000
375,150 $90,000 $99,000 $108,000



Table 7. Estimated Cost of Trucking Seafood

Cost Range
Low Cost
High Cost

Estimated Cost Per Pound
Newport - Albany Astoria - Forest Grove
$O.0045 $O.006
$O.006 $O.008

Cold Storage Charges in the Pacific Northwest

Several examples of existing cold storage handling and storage rates are shown in this

section to provide the user of the simulation model a reference point in determining

appropriate rates for a new Oregon coast cold store. In order to protect confidentiality, the

minimum, average, and maximum of the gathered data for the stored product types are

shown. Although storage rates are partially determined by the characteristics and services

of a particular cold store (such as location and temperature), the data in Table 8 serve as a

benchmark for a likely range of storage and handling tariffs.

The rates shown in Table 8 were gathered from cold storage facilities that are generally

designed for seafood products. These businesses are characterized by dock-side access,

union labor, large scale, and holding temperatures of 1 5° to _200. These firms also offer

other services designed to meet the needs of potential customers such as weighing and

packaging, shipping, labeling, quality inspection, blast freezing, and sorting. These other

services require additional equipment and labor costs - and separate fees in addition to

storage and handling charges - that are not included in this simulation model, but require

consideration when planning cold storage development.

For comparison purposes, a well-designed low temperature cold store on the Oregon

coast that offers the same services may be able to charge similar or higher rates than

those shown in Table 8, while a more poorly designed cold store with fewer services may

not be able to charge customers these rates.
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Table 8. Estimated Storage and Handling Charges for Seafood-Based Cold
Storage in the Pacific Northwest (Price per Pound)

34

Storage Charges
(monthly)

Handling Charges
(both in and out)

Major Product Minor Product
Type Type

Mm Avg Max Mm Avg Max
Finfish Toted 0.0085 0.0100 0.0110 0.0131 0.0155 0.0170

Boxed <lOOlb 0.0085 0.0109 0.0126 0.0100 0.0180 0.0241
Boxed >lOOlb 0.0085 0.0105 0.0120 0.0097 0.0160 0.0196

Shellfish Bulk over 40 0.0090 0.0123 0.0151 0.0126 0.0158 0.0192
Bulk under 40 0.0090 0.0133 0.0172 0.0126 0.0157 0.0192
Whole cooked 0.0090 0.0151 0.0188 0.0153 0.0187 0.0208

Steaks, Fillets,
Portions 0.0090 0.0114 0.0140 0.0135 0.0174 0.0200

IQF shrimp,
scallops 0.0085 0.0104 0.0120 0.0126 0.0147 0.0200

Block,
Shatterpack,
Surimj 0.0075 0.0082 0.0089 0.0070 0.0099 0.0187

Imitation 0.0080 0,0096 0.0108 0.0070 0.0081 0.0097

Bait 0.0075 0.0081 0.0089 0.0066 0.0098 0.0130



Product Weight

An important factor in determining the size of a cold store is the weight per cubic foot.

A facility holding a product type that has a large weight to volume ratio will require a

smaller design size than a facility holding products with a small weight to volume

ratio. This has large implications for the feasibility of a potential cold store.

Information provided here shows estimated weights per cubic foot for various product

types. In general products may weigh anywhere from 10 to 63 pounds per cubic foot,

however most product types will fall in the range of 25 to 45 pounds per cubic foot.

Table 9 shows estimated product weights per cubic foot based on communication with

several cold storage operators. The range shown accompanying the average weights

per cubic foot are largely the result of minor product types (i.e. bulk crab, whole

cooked crab, crab clusters, etc.). Weights associated with these minor product types

are not shown to protect confidentiality.

Table 9. Estimated Product Weights per Cubic Foot

Cold Storage as a Keystone to Further Product Development

Some have argued that the lack of appropriately designed cold storage has limited the

ability of the Oregon seafood industry to develop high quality, value-added products.

Several discussions were held with commercial fishers, fish processors, and seafood

retail outlets to determine the type of product forms that could be developed from
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Product Type Average pounds
per Cubic Foot

Lower Bound of
pounds per cubic
foot

Upper Bound of
pounds per cubic
foot

Miscellaneous Fish 30 28,5 31.5
Boxed Fish 25.5 23 27.5
Crab 22.2 1Q 41:
Steaks/Fillets 40 203 553
Shrimp 32 20 52
Surimi 50,5 50 51
Bait 47 36 63.5
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seafood caught off the Oregon coast if appropriate cold storage was available. Much

of the discussion focused on the ability to develop value added products from

albacore. Most albacore harvest is currently shipped out of Oregon for processing, and

little state or regional revenue is gained from albacore outside of the fish harvesting

sector. Other forms of potential product development include sardines canned for

human consumption and high quality Chinook salmon sold in catalogs.

To provide an estimate of the possible role of cold storage as a keystone in product

development, we measured the regional economic impact of these product forms using

FEAM (Fisheries Economic Assessment Model) developed by The Research Group in

Corvallis, Oregon. The model calculates an impact multiplier, which is a measure of

the direct, indirect, and induced effect of landing and processing those product forms

in the coastal area. The direct effect is the direct value of processing those products in

the coastal region. The indirect effect is a measure of revenue from businesses linked

to those directly impacted by those product forms. For example, an indirect effect

might be associated with a business which provides services to a processor who

manufactures those new products. When new product forms are being produced in the

area, there is additional demand for these support businesses, thus generating an

indirect effect. An induced effect occurs when additional revenue in the region

"induces" additional spending by individuals and businesses in the region affected by

new product development.

Results from FEAM are shown in Table 10. The product titled "Base" refers to the

impact to the region if processing of current product forms were to take place in the

region, or the impact of current product if it is already being processed in the region.

The impact is measured in dollars per pound of the particular species landed that are

devoted to that product form.
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Table 10. Economic Impact Coefficients per Landed Pound (dollar impact per
pound of landed species)

REGION

Further Product Development: Implications for Fisheries Management

The development of value-added products will increase the value of seafood during

production and distribution. Some of this additional value may also accrue to the fish-

harvesting sector via increased ex-vessel prices. According to traditional notions of

fisheries economics, an increase in the value of targeted species at the vessel level will

induce an increase in the fishing rate. In an open access fishery, an increase in the

fishing rate is likely to be represented by additional participation, while in a limited

entry fishery, an increase in the fishing rate is likely to be represented by an increase

in capital (commonly referred to as capital stuffing). For Oregon, many fisheries are

characterized by a pattern of overcapacity and fleet downsizing. In such a

circumstance, an increase in the value of targeted species may not increase the fishing

rate (unless that increase in value is substantial). Instead, the expected result is that

allowable biological catch or total allowable catch will be achieved more quickly,

and/or annual landings may increase. These outcomes may cause additional pressure

to be placed upon fisheries managers to address sustainability-related issues.

In order to provide some insight into the effect of additional product forms on value at

the vessel level, FEAM was used to develop estimates of the delivered price

corresponding to new product forms. For example, Table 11 shows that if albacore

SPECIES PRODUCT State of Oregon Newport Astoria
Albacore Base 1.6732 1.3386 1.4390

Hot Smoked 2.6967 2.1574 2.3192
Quality Canned 3.0260 2.4208 2.6024
Sashimi 2.6878 2.1502 2.3 115
Loins 2.3941 1.9153 2.0589

Sardines Base 0.5874 0.4699 0.5052
Canned Sardines 0.6052 0.4842 0.5205

Chinook Base 2.5899 2.0719 2.2273
Smoked Salmon in

Catalog 5.73 16 4.5853 4.9292



SPECIES
Albacore

Sardines

PRODUCT
Hot Smoked
Quality Canned
Sashimi
Loins
Canned Sardines
Smoked Salmon in CatalogChinook

Model Results and Discussion

Using the costs, prices, and concepts discussed above, a simulation model was

designed to help understand and plan cold storage development on the Oregon coast.

The model can be used to describe cold storage opportunities in major fishing ports

(e.g., Newport, Warrenton-Astoria), or the Oregon coast region in general. This model

builds upon the statistical base of fish and shellfish landings over the 1995 - 2001

period in Newport, Astoria, and the state of Oregon. It is important to recall the

month-to-month and year-to-year variation of these landings discussed earlier. In some

cases, landings have not been consistent over the 1995 - 2001 period, and the future

PRICE PER POUND AT
THE VESSEL LEVEL

0.80
1.20
1.50
1.30
0.06
2.5c
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were to be used to develop additional products, then albacore sashimi, albacore

loins, and quality canned albacore would result in significant increases in albacore

price at the vessel level compared to recent ex-vessel prices for albacore which have

ranged from approximately $0.62 - $0.86 over the past four years (NMFS, 2003). In

summary, it might be reasonable to expect that development of some value-added

albacore products would increase the ex-vessel price received by commercial fishers

and therefore increase the albacore fishing effort. The development of high quality

Chinook sold in catalogs may also increase the price received by commercial fishers;

however, the salmon fleet is arguably overcapitalized and therefore the effect of

increasing price on fishing effort is less certain.

Table 11. Estimated Price at the Vessel Level from Development of Selected
Product Forms
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patterns of those landings is unknown. As more information becomes available on

the future pattern of landings for certain species, the monthly landing frequency could

be adjusted. Although the model is specifically designed to address cold storage issues

based on historical landing trends in Oregon, the general findings of the model are also

useful for other regions of the country, particularly the West coast.

Simulation Development

The model is designed to encourage the user to consider the range of issues relevant to

cold storage development. These issues can be divided into two classes of decision-

making: 1) facility design and 2) inventory control. Within each of these classes are

specific variables that are under the control of the model user. Figure 17 describes the

function of the model and variables used to estimate the model results.
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Calculation of Inputs, Inventory, and Revenue

Cold storage inventory inputs are calculated as a function of historic landings of major

commercial species over the 1995 - 2001 period. These species include albacore,

Dungeness crab, groundfish, Pacific whiting, salmon, shrimp, sablefish, sardines, and

"other." The model also allows the user to enter other types of inventory. For

example, an Astoria cold store may attract cranberries that are harvested on the Long

Beach peninsula in Washington; some have suggested that Newport and Astoria may

convince some local vessels participating in Alaska crab fisheries to bring a portion of

their catch to Oregon.

The model user starts by estimating inputs and inventory over the next 20 years by

estimating and entering in the model future catches of major species by region

compared to the 1995 - 2001 period.

The second section of the model describes processed yield and the percentage of

landings that are held in cold storage inventories. Processed yield is a weighted

average of product forms for each species. For example, if Pacific whiting is one of

the species being held in storage, then processed yield would need to account for a

weighted average of surimi and head and gut product forms.

The third and fourth sections of the model include the percent of regional landings in

the coastal cold store and the rate of business growth, respectively. The third section is

an extension of the second section: for example, if the cold store is serving a buyer

that handles and/or processes 20% of regional landings, it is likely that not all of these

landings are destined for cold storage. The model user estimates and enters the portion

of the 20% that will be placed into frozen storage. The fourth section recognizes that

during the initial years, a cold store may not operate at full capacity. Calculations are

carried out in this section to account for sub-maximal operation in the initial years and

a subsequent rate of annual inventory accumulation via business growth.
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The fifth and sixth sections of the model calculate inventory dissipation. The fifth

section allows the user to choose between two inventory dissipation strategies: a

market hedging strategy and a continuous dissipation strategy. A market hedging

strategy assumes that all frozen inventory will be sold in a specific month to take

advantage of favorable market conditions. A continuous dissipation strategy is based

on continuous sales of frozen inventory over a specified number of months. After

determining the strategy for inventory dissipation, the user then estimates the specific

month of frozen inventory sales, or the number of months of inventory dissipation,

depending on the sales strategy.

The last subsections of the model describe the rates charged for storage and handling,

miscellaneous sources of revenue, and the incorporation of landing variability that is

treated as a semi-random event over the next 20 years. Storage and handling rates are

used to estimate revenues associated with stored inventory. In addition to storage and

handling revenues, some cold store operations have miscellaneous sources of revenue

such as an hourly charge for forklift operations, funds from the sale of totes and

pallets, and across-the-dock charges. The user of the model is responsible for

estimating these revenues.

The inclusion of a random element within the model inserts a degree of risk associated

with landings and inventory activity. This random element is derived from a random

number generator in MS Excel that applies a factor between 1 and 1 to the historic

standard deviation of landings of each species category. This means that the variation

of landings from year-to-year is treated as a random event, but the scale of that

variation is limited to the historic standard deviation of annual landings by species.

Calculation of Facility Design and Cost

The second class of variables the model uses is associated with the design of the cold

store facility. The capacity required for any design is derived from the inventory



simulation described above. However, facility dimensions are based on other

critical factors in addition to inventory load.

The first set of additional factors describes the volume required to adequately store

frozen product. The necessary volume is determined by the quantity and density of

stored inventory, floor layout (including aisles), and three dimensional space layout

(including racking and area for air circulation). The simulation model estimates the

dimensions of a facility with a submodel that calculates square feet and cubic feet

based on product density, floor layout, and space layout. The user of the model adjusts

these three variables to fit his/her expectations. Product density is the average pounds

per cubic foot for stored inventory, taking into account the mix of inventory types and

packaging for inventory. Floor and height layout are based on aisles for forklifts and

walkways, room for air circulation, and the desired height of the facility.

Other factors determining the facility design and cost include room temperature,

square feet of land, cost per kWh of electricity, transportation of capital to the

construction site, utility installation, duration and rate of loan, depreciation,

maintenance, and insurance. These variables are adjustable in order to fit the specific

needs of the user.

The result of the facility design and cost simulation is an estimate of floor area, height,

and temperature of the facility, along with capital cost (in 2003 dollars) of the cold

store. These calculations are added to the other cost factors to arrive at the cost per

year of constructing and operating the cold store.

Simulation Result: A Cold Store Designed for Holdings of Pacific Whiting Surimi
This section provides an example of application of the simulation model to a

hypothetical case study for a cold store constructed and operated to hold Pacific

whiting caught off the Oregon coast. This example uses Pacific whiting landings for

the state of Oregon as its statistical base and assumes future landings are equivalent to

the 1995 2001 period. Other assumptions include:
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The cold store accommodates 15% of state of Oregon landings

Of that 15%, 70% are placed in frozen storage

Processed yield is 27%

In the initial year, the facility captures 50% of expected inventory at full

operation and this amount grows by 10% per year, capping at 100%

Inventory dissipation is continuous; all inventory is cleared by month 9

Handling charges are $0.0 19/lb per month and storage charges are $0.0125/lb

per month

There is $50,000 per year in miscellaneous revenue.

Figure 18 and Figure 19 show estimated inventory levels and quantity of handled

surimi forecast for 20 years. These figures serve as the base for revenue calculations.

The first figure shows the quantity of product handled per year, which is multiplied by

handling charges to estimate handling revenue. The second figure shows inventory in

each month over a 20 year period. The quantity shown in the second figure is

multiplied by storage charges to estimate storage revenue.
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The facility is designed based on the assumptions that:

Surimi weighs 40 lbs per cubic foot including packaging

Floor design calls for 50% of the floor area to be used for storage

Building height is 25 feet, and requirements for racking and air circulation

space result in 50% of height being used for storage

The facility is designed for -20° F

Land area is 115% the cold store area and costs $5.00 per square foot

6, Architecture and Engineering and contingency costs are 9% and 10% of box

and refrigeration costs

The facility will requirel forklift at $25,000

Transportation of materials costs $35,000

Permits and fees are 5% of land and building cost,

Loading docks and alcoves cost $5,000

There are no office facilities or office equipment

Sewer and other utilities cost $4,000

Loan is 6% for 20 years

Charge per kWh for electricity is $.055

The facility will employ 2 warehouse personnel and 1 office personnel at

$45,000 and $30,000 per year respectively

Depreciation and equipment replacement, maintenance, insurance, and

property taxes are 1%, 1%, 4%, and 5% respectively of total cold store

structure costs

Annual cost of office supplies, phone expense, totes and pallets, garbage, and

sewer and water are $2,000, $1,000, $1,500, $1,200, and $2,000 respectively.

The annual financial analysis for a facility with one room constructed in one stage is

shown in
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Figure 20. Cumulative revenue (loss) is plotted against the right side Y-axis, and

annual revenue (loss) is plotted against the left side Y-axis. The results show that in all

years the facility operates at a loss, and the cumulative 20-year loss totals over

$2,000,000. Revenue loss is primarily the result of the variation in inventory levels

within each year. The facility is designed for a capacity of over 4 million pounds, but

inventory levels range from 250,000 pounds to over 4 million pounds depending on

the month and year, meaning that much of the facility capacity is idle during a large

portion of the year.

To break even, this facility would need to generate (on average) an additional

$105,000 per year. Additional revenue can be generated from several sources

including storage and handling charges, or through other services such as weighing

and packaging. Including this additional revenue, the average revenue generated

would need to be $0.13 per pound of annual inputs.

Applying estimated transportation costs to this case yields a total transportation cost

savings in the range of$12,000 to $15,000 in the initial years of operation, and

$23,000 to $31,000 in the most lucrative years of operation. These transportation cost

savings would not be sufficient to compensate for annual losses.
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Design
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Figure 20. Hypothetical Revenue for a Single Room Cold Store Designed for

Pacific Whiting Surimi

Itemized specific capital and operating costs are shown in Table 12. This table shows

the square foot and height of the facility, the predicted capital cost of that facility,

forecasted landings intervals predicting an upper and lower bound, and estimated

annual energy demand and cost.
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A cold store designed to hold a single product form is subject to a large degree of

uncertainty regarding future inventory levels. Recall from previous sections that future

fish landings are highly uncertain. In this scenario, the cold store was designed for a

single species and product form, making it highly subject to variability in the Pacific

whiting stock. Although the degree of uncertainty cannot be quantified, the financial

pro-forma for this facility is highly uncertain and therefore construction of a cold store

under this scenario may be described as being "risky."



Table 12. Itemized Specific Costs for a Cold Store Designed for Pacific Whiting
Surimi

Transportation o
aterials

Electrical Work

Permits and Fees
Loading Dock and

Alcoves
Office Facilities

and Equipment
Sewer and Other
tilities
Architecture and
ngineering

Contingency

Subtotal

Height Floor Area
Facility Dimensions I (O5

percent of
Ibox and

efrig.
percent of
cold store
land

percent of
box

rcent of
ox and
efrig
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efrigeration Energy' 'iial kWh ual Cost of
Cost rice per kWh emand efrigeration Ener

0.055 605,O9oi (S33,28O.29

I IyO.LauU1i,
Excavation, Parking,
etc $158,145 $158,145 $158,145

Forklifis Vehicles 1 $25,000 $25,000 $25,000

$35,000 $35,000! $35,000

10-15% $124,79 $80,125 $179,324

50/( $70,71 $49,885 $91,545j

$5,000 $5,0 $5,000

$0 $ $

$4,00 $4,0 $4,000

9o/ $65,776! $48,4{ $83,065

10°%4 $99,8381 $80,125, $119,550

I $2,002,570 $1,483,4611 $2,531,534

Units
Number
of Units

Predicted
Cost (in 2003
dollars)

Lower Cost
(in 2003
dollars

Upper Cost
(in 2003
dollars)

p ubieFeët 412,61 $73 0,84 $538,748 $922,94

quare Feet 16,505 $267,528 $262,506! $272,551

$321,021 $101,5371 $540,506

quare Feej 18,980[ $94,90 $94,902i $94,90

Capital Cost and
Installation

Box

Refrigeration
Sprinkler,

rFoundation, Rackin
I Land Cost
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Simulation Result: A Cold Store Designed for Value Added Albacore Products

The following simulation is based on designing a cold store to support development of

value added albacore products. A major assumption is that this facility would be

relatively small and integrated with a value added processor. In this case revenue

calculations represent the cost of using an alternative cold store. A positive financial

estimate implies it would be less expensive to develop a cold store; a financial loss

implies that it would be cheaper to use the alternative cold store. This section does not

take into account other items that may be important in integrating a cold store with a

processing plant. For example, an integrated cold store may decrease logistical costs,

or it may decrease processing costs.

This section uses albacore landings in the port of Newport as its statistical base, and

assumes that for the first ten years of the simulation future landings are equivalent to

the 1995 - 2001 period, and in the second ten year period, landings equal 90 percent

of the 1995 - 2001 period. The other assumptions include:

the cold store accommodates 5 percent of Newport's Albacore landings,

of that five percent, 50 percent are placed in frozen storage,

the weighted average processed yield of loins is 52.5%,

in the initial year, the facility captures 50% of expected inventory at full

operation and this amount grows by 10% per year, capping at 100%,

inventory dissipation is continuous and takes 6 months for all inventory to be

sold after it is put in storage,

handling charges are $0.0 19/lb per month and storage charges are $0.0 125/lb

per month, and

miscellaneous revenue equals $1,000 annually.

Figure 21 and Figure 22 show estimated inventory levels and quantity of handled

albacore forecast for 20 years. The first figure shows the annual quantity of product

handled per year--this quantity is multiplied by handling charges to estimate handling

revenue. The second figure shows inventory in each month over a 20 year period. This



quantity is multiplied by storage charges to estimate storage revenue.
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The facility design is based on the following assumptions:

albacore weigh 25/lbs per cubic foot with packaging;

floor design results in 50 percent of the floor area being used for storage;

height is 10 feet and racking and air circulation result in 50 percent of height

being used for storage;

the facility is designed for -40° F;

land area is 115% the size of the cold store area and costs $5.00 per square

foot;

1 forklift at $8,000;

transportation of materials cost $5,000;

permits and fees are 5%

there are no loading docks;

there are no office facilities;

sewer and other utility installation costs $1,000;

A&E and contingency are 9% and 10% respectively of box and refrigeration;

loan is 6% for 20 years;

charge per kWh is $.055;

0.5 warehouse employees and 0.25 office employee at $45,000 and $30,000

per year respectively;

depreciation, maintenance, insurance, and property taxes are 1%, 1%, 4%, and

5% respectively of total cold store structure cost;

office supplies, phone expense, totes and pallets, garbage, and sewer and water

cost $0, $0, $500, $250, and $0 respectively.
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The annual financial analysis for a facility with one room, and constructed in one

sstage, is shown in Figure 23. Cumulative revenue (loss) is plotted against the right

side y-axis, and annual revenue (loss) is plotted against the left side y-axis. The results

show that in all years the facility operates at a loss, and after the 20 year period this

has resulted in a cumulative loss of approximately $1,300,000. This cumulative

implies it would be cheaper to use an alternative cold store. Revenue loss is largely the

result of the variation in inventory levels and lack of scale of total inventory within

each year. The facility is designed for a capacity of nearly 50,000 pounds, but

inventory levels range from 0 to nearly 40,000 pounds in any given year, meaning that

much of the facility capacity is idle during a large portion of the year, and the facility

is not large enough to capitalize on the economies of scale involved in cold storage

construction and operation. A cold store designed for holding specific product form

also subjects itself to a large degree of uncertainty of future inventory levels.

For this facility to break even, approximately $62,000 in additional revenues would

need to be generated each year. Although additional revenues can come from many

sources, an additional $64,000 per year means that the revenue generated per pound of

input would need to be (on average) over $1.73 per year.



Annual and Cumulative Net Revenue for Single Room & Single Stage
Design
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Figure 23. Hypothetical Revenue for a Single Room Cold Store Designed for

Value-Added Albacore Products

Itemized costs of capital and operating expenditures are shown in Table 9. These cost

include the square foot and height of the facility, the predicted capital cost of the

facility with forecast intervals predicting an upper and lower bound, and estimated

annual energy demand and cost.
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Table 13. Itemized Specific Costs for a Cold Store Designed for Albacore Value-
Added Products

Capital Cost and
nstallation
Box

Refrigeration

I

Sprinkler,
[Eoundation,

acking
Land Cost Square Feet
Site Preparatio
xcavation,
arking, etc

Forklift JVehicles
Transportation Ot

Materials

Electrical Work

its and Fees
Loading Dock

Alcoves
Office Facilities

ui ment
Sewer and Other

1Utilities
Architecture and

[Engineering

IContingency

I Subtotal

efrigeratlon Energy
ost

nits
ubic F

Fee

rcent of box
drefri&
cent of cold

& land.

ent of box
..ercent of box

and refrig.

redicted
umber Cost (in 2003

of Units dollars)

$29,989J $29,989 $29,98

$8,0O $8,00 $8,0O

$35,000 $35,000 $35,O0

$8;940. $6,834 $11,2041

50/
$4,398! $4,O6 $4,72

b0%L

,000

$3,126!

$7,152

18$ ,5&

ual Cost of
efrigeration Energy

9 6390

$1,00

$2,85

$6,834[ $7,46

$175,947l $195,323]
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Facility
Dim ens ions 10 641

6,408 $34,7311 $31,74 $37,7141

I 6411 $36,786 $36,591! $36,981!

$12,751 $9,34j $16 159
737 $3,685 $3,685]

Lower Cost Upper Cost
(in 2003 (in 2003
dollars) dollars)

r ualkWh
Price per kWh nJ

0.05 172,07

Floor
Height Area
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Simulation Result: A Cold Store Designed for an Albacore, Dungeness Crab, and a
Salmon Fisherman's Cooperative

This simulation is based on the hypothetical case of a cold store designed for an

albacore, Dungeness crab, and salmon fisherman's cooperative. The major assumption

is that this facility would be operated and managed by members of the co-op. Since

the facility is integrated with a co-op and is not publicly available, revenue

calculations represent the cost of using an alternative cold store. A positive financial

estimate implies it would be less expensive to develop a cold store; a financial loss

implies that it would be cheaper to use an alternative cold store. This section does not

take into account other items that may be relevant for a cold store integrated with a co-

op. For example, an integrated cold store may enhance the ability to develop value

added products or simplify logistical issues. Such items may make development of an

integrated cold store feasible.

This section uses landings to the state of Oregon as its statistical base, and assumes

future landings are equivalent to the 1995 - 2001 period. In addition, it is assumed that

the cold store attracts 40,000 pounds of Alaska crab from Oregon's distant water fleet

(Alaska) in March of each year, and that this crab flows out of inventory at 10,000

pounds per month. The other assumptions used in inventory estimation are that;

the cold store accommodates 5 percent of the states landings of albacore,

Dungeness crab, and salmon;

of that 5 percent, 50 percent of each species are put in frozen storage;

the weighted average processed yield of albacore is 50%, Dungeness crab is

58%, and salmon is 50%;

in the initial year, the facility captures 50% of expected inventory at full

operation and this amount grows by 10% per year, capping at 100%;

inventory dissipation is continuous and takes 6 months for Albacore to be sold,

6 months for Dungeness crab, and 4 months for Salmon to be sold after it is

put in storage;



handling charges are $0.01 9/lb per month and storage charges are

$0.0 125/lb per month for each species;

miscellaneous revenue equals $2,000 annually

Figure 24 and Figure 25 show estimated inventory levels and quantity of handled

product forecast for 20 years. These figures serve as the base for revenue calculations.

The first figure shows the quantity of product handled per year --this quantity is

multiplied by handling charges to estimate handling revenue. The second figure shows

inventory in each month over a 20 year period. The quantity shown in the second

figure is multiplied by storage charges to estimate storage revenue.
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Figure 24. Hypothetical Inputs for a Fishermen's Co-op
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Figure 25. Hypothetical Inventory for a Fishermen's Co-op
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The facility is designed based on the following assumptions:

average weight per cubic foot is 25 lbs with packaging,

floor design results in 50 percent of the floor area being used for storage,

height is 12 feet and racking and air circulation result in 50 percent of height

being used for storage,

the facility is designed for -20° F,

land area is 115% the size of the cold store area and costs $5.00 per square

foot,

1 forklift at $8,000,

transportation of materials cost $5,000,

permits and fees are 5%,

there are no loading docks,

there are no office facilities,

sewer and other utility installation costs $1,000,

A&E and contingency are 9% and 10% respectively,

loan is 6% for 20 years,

charge per kWh is $0.05 5,

0 warehouse employees and 0 office employees

depreciation, maintenance, insurance, and property taxes are 1%, 1%, 4%, and

5% respectively, and

office supplies, phone expense, totes and pallets, garbage, and sewer and water

cost $0, $0, $500, $250, and $0 respectively.

The annual financial analysis for a facility with one room and constructed in one stage

is shown in the figure below. Cumulative revenue (loss) is plotted against the right

side y-axis, and annual revenue (loss) is plotted against the left side y-axis. The results

show that in all years it is less expensive to use an alternative cold store, and after the

20 year period total loss is approximately $600,000. The negative revenue difference
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is largely the result of lack of scale of total inventory within each year, and

inventory variability. The facility is designed for a capacity of approximately 160,000

pounds, but inventory levels range from 20,000 to nearly 160,000 pounds and much of

the facility capacity is idle during a large portion of the year. In addition the facility is

not large enough to capitalize on the economies of scale inherent in cold storage

construction and operation. The fact that this cold store holds a variety of product

forms implies that future inputs and inventory levels have a smaller degree of

uncertainty than cold stores with only a single product form.

For this facility to break even, approximately $30,000 in additional revenues would

need to be generated each year. Although additional revenues can come from many

sources, an additional $30,000 per year means that the revenue generated per pound of

input would need to be (on average) $0.20 per year.

Applying transportation cost estimates to total handled inventory for an albacore,

Dungeness crab, and salmon fishermen's cooperative yields total transportation cost

savings in the range of $700 to $900 in the initial years of operation, and $1,600 to

$2,100 in the largest quantity years. Comparing these numbers to the estimated annual

revenue shows that transportation costs savings are not sufficient enough to cover

annual losses.



Figure 26. Hypothetical Revenue for a Cold Store Serving a Fishermen's Co-op

Itemized specific costs of capital and operating expenditures are shown in Table 10.

which highlights the square foot and height of the facility, the predicted capital cost,

forecast intervals predicting an upper and lower bound, and estimated annual energy

demand and cost.
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Table 14. Itemized Specific Costs for a Cold Store Designed for a Fishermen's
Co-op

Refrigeration Square Feet
Sprinkler,

oundation,
kin

Land Cost
Site

Preparation,
Excavation,
Parking, etc

Forklifts Vehicles
Transportation
Materia1s

nt of box
Electrical Work .d re

ereent of
Permits and old store &

ees
ading Dock

d Alcoves
Office Facilities

Equipment
Sewer and
ther Utilities
Architecture

and Engineerin

Contingency

Subtotal

Cubic Feet

2,208 $63,

2

5

$35,858
$'12,696

$56,48Z

$8,000

$5,000

$18,857

$9,971j

$1 ,00

$7,83

$15,086j

$32 1,6451
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Capital Cost and
Installation Units

Number of
Units

Predicted
Cost (in 2003
dollars)

Lower Cost
(in 2003
dollars)

Upper Cost
(in 2003
dollars)

Box Cubic Feet 26,49& $87,045 $74,709 $99,381

$63,1401 $64,484

$21,76 $49,95

$12,696 $12,69

$6,48j. $56,48

$8,00( $8;00C

$5,000 $5,000

$13,751 $2458

$8,6 $1 1,32

Refrigeration ualkWh ual Cost of
Energy Cost Price per kWh emand efrigeration Energy
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$1,000 si,op

$6,724 $8,944

$13,7851 $16,38

$285,7051 $358,235
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Simulation Result: A Large, Publicly Available Cold Store in Astoria

This last simulation was designed for a cold store constructed and operated for

product inventory sources near Astoria. The model is based on seafood landings in the

Astoria region as its statistical base. All species categories are assumed to be

equivalent to the 1995 - 2001 period except for 'Groundfish' and 'Other' which are

assumed to be 30% and 45% of the 1995 - 2001 period for 20 years in the future

respectively. In addition, it is assumed that the cold store could attract 100,000 pounds

of Alaska crab from Oregon's distant water fleet in March of each year that dissipates

at a rate of 20,000 pounds per month, and that the cold store could attract 20,000

pounds of cranberries from Washington's Long Beach Peninsula in November of each

year which dissipate by January of the following year. The other assumptions include;
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the cold store accommodates 35 percent of Astoria landings of albacore,

Dungeness crab, and salmon, and 30% of all other species,

of those percentages, 50% of albacore, Dungeness crab, and salmon are

inventoried in the cold store while 15%, 85%, 70%, 70%, 10%, and 60% of

groundfish, "other", Pacific whiting, shrimp, sablefish, and sardines are put in

storage respectively,

processed yield is 50% for albacore and salmon, 58% for Dungeness crab, 33%

for groundfish, 75% for other, 27% for Pacific whiting, 26% for shrimp, 55%

for sablefish, and 90% for sardines,

in the initial year, the facility captures 80% of expected inventory at full

operation and this amount grows by 10% per year, capping at 100%,

inventory dissipation is continuous and takes 6 months for albacore,

Dungeness crab, and other to be sold, I month for Groundfish, 9 months for

Pacific whiting, 4 months for salmon, 9 months for shrimp, 1 month for

sablefish, and 9 months for sardines to be sold after being placed in storage

handling charges are $0.02/lb per month and storage charges are $0.015/lb per

month, and

there is $50,000 per year in miscellaneous revenue.

In addition, this facility is built to accommodate 90% of simulated maximum

inventory over the 20 year period. This is based on the concept that one can rearrange

inventory during periods of extremely high inventory load.

Figure 27 and Figure 28 show estimated inventory levels for the 20 years planning

horizon. These figures serve as the base for revenue calculations. The first figure

shows the quantity of product handled per year which is multiplied by handling

charges to estimate handling revenue. The second figure shows inventory per month

stored over a 20 year period.
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Facility design was based on the following assumptions:

average weight per cubic foot is 35 lbs with packaging,

floor design results in 50 percent of the floor area being used for storage,

height is 25 feet and racking and air circulation result in 50 percent of height

being used for storage,

the facility is designed for -20° F,

land area is 115% the size of the cold store area and costs $5.00 per square

foot,

1 forklift at $25,000,

transportation of materials cost $35,000,

permits and fees are 5%,

loading docks cost $15,000,

office facilities are $10,000

sewer and other utility installation costs $15,000,

A&E and contingency are 9% and 10% respectively,

loan is 6% for 20 years,

charge per kWh is $.055,

2 warehouse employees and 1 office employee at $45,000 and $30,000

respectively

depreciation, maintenance, insurance, and property taxes are 1%, 1%, 4%, and

5% respectively, and

office supplies, phone expense, totes and pallets, garbage, and sewer and water

cost $200, $200, $5000, $1000, and $500 respectively.

The annual financial analysis for a facility with one room and constructed in one stage

is shown in Figure 29. Cumulative revenue (loss) is plotted against the right side y-

axis, and annual revenue (loss) is plotted against the left side y-axis. The results show

that in most years the facility generates positive revenue, and after 20 years has

generated cumulative revenues of over $20,000. The positive revenue is gained from
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Figure 29. Hypothetical Revenue for a Large, Publicly Available Cold Store in

Astoria

Itemized specific costs of capital and operating expenditures are shown in

Table 15.

68
the scale of inventory and the higher charges for handling and storing inventory.

The facility is designed for a capacity of over 6,000,000 pounds, meaning the facility

is large enough to begin capitalizing on the economies to scale associated with cold

store development. The variability of inventory levels poses the largest problem for

profitability since a large portion of the facility is idle during the winter months. The

fact that this cold store holds a variety of product forms implies that future inputs and

inventory levels have a smaller degree of uncertainty than cold stores with only a

single product form.

Annual and Cumulative Net Revenue for Single Room & Single Stage
Design
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Table 15. Itemized Specific Costs for a Large, Publicly Available Cold Store in
Astoria

Capital Cost
and Installation

Box Cubic Feet

Refrigeration quare Feet
Sprinkler,
undation,

Site
reparation,
xcavation,
arkin. etc

Forklifts
Transportation
Materials

Electrical
ork

Permits and
ces
Loading Dock

and Alcoves
Office

acilities and
upment

Sewer and
Other Utilities

Architecture
d Enneering

Continency
Subtotal

d store &
d

Cubic Feet

percent o
box

ercent of
ox and
efrig.

683,224 $1,080,345

27,329( $3S199f.

$480,l 6

4281 $157,14

$300

$182,943

$105,04

$1s00

9%1 $97,231

$146,3

$2 937,133

Annual kWh
demand -

: ::73476

$70,551

$10,00

$1 5,00

$68, 60

$1132715

2,08232
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$116,735J $843,59ó

$157,1421 $l57,14

$204.7 141 $204,71

$25,0O0 $25,00

$35,00PL $35,00

,71 $268,491

$1 0,00

$15,00

$125,85

AnnüaiCostof
Refrigerition Energy

$40411.81

Height Floor Area
Facility
Dimensions 25 2732

Lowe r Cost Upper Cost
Number of Predicted Cost (in 20 03 (in 2003

Units Units (in 2003 dollars) dollar S dollars)

Refrig Energy
Cost per kWh

0.0:

$762,263

$3 74,88,
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Risk - Based Sensitivity Analysis

Substantial risk and uncertainty is associated with seafood-based cold storage

development. One major source is the probability of a stock collapse. In most cases,

fish stock populations have varied to a substantial degree over time, but for some

species this is more pronounced. Sardines along the west coast are a species with

abundance levels that have been documented to oscillate tremendously every couple of

decades. The level of this variation results in sardine populations are not large enough

to warrant a commercial fishery in some decades, while in other decades, sardines

make up a substantial portion of landed catch along the Oregon coast. Pacific whiting

is another species that shows substantially greater variation in stock abundance than

most other species. For example, in 2004 the Pacific whiting stock is believed to be at

one of the most abundant levels ever observed since the fishery has been prosecuted

by the domestic fleet, however there is a risk that the Pacific whiting stock will go

back to "overfished" status in 2007 due to the lack of incoming year classes (PFMC,

2004).

The cold storage simulation model can be used to quantify the relative tradeoffs

associated with stock uncertainty by developing simulations where certain stocks are

anticipated to collapse in the future. In this section, model outputs are generated where

various population abundance levels are assumed for sardine and Pacific whiting

stocks over the 20 year time horizon. The base scenario that is used in this section is

similar to the "value added albacore cold store" that was described in a previous

section, but the base region has been changed to Astoria, sardine and Pacific whiting

inventory are added and assumed to equal 100 percent of historic landings, 10 percent

of sardine and whiting landings are attracted by this particular business, and 50

percent of that 10 percent are frozen.

70



71

The data in Table 16 shows the financial tradeoffs of changing the assumptions in

the base scenario. In the table below, the first result (titled Base) is the predicted 20

year cumulative revenue for the base scenario. In the second scenario, it is assumed

that the sardine stock crashes in 10 years, and that annual landed catch after 10 years is

equal to 10 percent of average historic landings. These assumptions result in a 20 year

loss of over $2.3 million. In the third result, it is assumed that the Pacific whiting

stock is prosecuted at a level equal to 180 percent of the historic average in the first 5

years based on the relatively large stock abundance found in 2004, and that this stock

reverts to overfished status after 5 years. Following overfished status, it is assumed

that the whiting catch is equal to 60 percent of average historic landings for the

remaining 15 years. Under these assumptions, the cold store would lose over $3.7

million over the 20 year time horizon. The last result uses the combination of a

whiting and sardine stock crash. The combination of both scenarios results in a

cumulative loss of over $3.9 million.

By comparing a relatively optimistic scenario to varying degrees of relatively

pessimistic scenarios, one can show the financial implications of risk associated with

seafood-based cold storage development. In this example, the range of cumulative

revenues differ by nearly 80 percent between the most optimistic and most pessimistic

case.

Table 16. Risk - Based Sensitivity Analysis Assuming a Sardine or Whiting Stock
Collapse

Scenario Base
Sardine
collapse

Whiting
collapse

Sardine &
Whiting
collapse

2Oyear
Cumutwe

(loss)

($2197477) ($2,363,38O ($3,755,130). ($3,921,033)



Summary

The development of cold storage on the Oregon coast faces many challenges. The

most likely source of inventory for coastal cold storage is seafood, a class of products

which are highly variable and seasonal. This makes the development of seafood-based

cold stores a challenge since the occupancy rate is likely to be low, there is significant

inability to adequately plan for future inventory levels, and in some cases the scale of

inventory may not be sufficient to capitalize on the economies of scale inherent in cold

storage development.

In this document we have described some of the issues relevant to cold storage

development and used those issues to develop a simulation model to assist interested

parties in making rational investment decisions in cold storage on the Oregon coast.

We have used the model to run a handful of scenarios that represent some concepts

discussed over the last two years. Results indicate that without an adequate scale of

inventory and sufficient occupancy, it is difficult to justify constructing a cold store

facility. However, the model cannot account for all objectives and uses associated with

cold store development. It is possible that some of these may justify the construction

of a cold store on the Oregon coast. For example, cold storage may be a "keystone" to

development of value-added products and the additional revenue generated from those

product may justify construction. By using economic multipliers, this model has

provided some information to assist users in addressing some of these topics.

However, in the end, the probability of high valued product forms developing as a

result of cold storage development remains unknown, and therefore, justifying cold

storage development based on the notion that it is a keystone piece of infrastructure is

risky
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Managing Storage Temperatures of Frozen Seafood: Application to
Pacific Whiting Surimi

Introduction

Frozen storage is an integral part of the food distribution process and vital for

providing inventory while preserving product quality. In general, the colder the

storage temperature, the higher the level of quality preservation. This is particularly

true for seafood, a product that tends to have a lower time-temperature tolerance than

other forms of frozen food products.

Wessels and Wilen (1993) have described one process of decision-making for frozen

fish inventories, focusing on dissipation of Japanese salmon. In their study, managing

inventory dissipation rates is part of a profit maximization strategy similar to a model

of non-renewable resource extraction. This is a short-run behavioral response on the

part of the firm, where the inventory dissipation rate changes in response to expected

fluctuations in market prices. Managing rates of inventory dissipation is one strategy

to increase profits. Another is to lower the storage temperature to increase retention of

quality and market value. However, lower temperatures also lead to higher costs.

The value of a marketed commodity is often estimated through hedonic prices which

are estimates of the value of various characteristics. Implicit in the hedonic price

method is the assumption that a commodity consists of various combinations, or

bundles, of a smaller number of characteristics or attributes (Berndt, 1996). The

marginal price effect of each characteristic is then calculated as the derivative of the

hedonic price equation with respect to that characteristic. These are often called

marginal implicit prices. As an example, prices of fish emerging from fish auctions

can be viewed as hedonic prices which depend on the value of individual

characteristics, such as species, fat content, type of handling, and size (McConnell and
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Strand, 2000). There is extensive literature on the hedonic prices of agricultural

commodities, including tomatoes, apples, wheat, cotton, milk, beef, and grapes.

However, the hedonic study of fish prices is relatively underdeveloped, despite the

growing awareness of the importance of quality to seafood markets (McConnell and

Strand, 2000). One reason for this limitation is that the majority of seafood products

are not standardized or measured by a set of agreed-upon or binding quality

characteristics (Anderson and Anderson, 1991).

In spite of the lack of "hedonic price method" studies, there is evidence that quality

characteristics influence the price received for seafood products. Hedonic and conjoint

price studies have been conducted on several seafood products including Hawaiian

Tuna (McConnell and Strand, 2000), Salmon (Anderson and Bettencourt, 1993),

Pacific whiting fillets (Sylvia and Larkin 1995) and Pacific whiting surimi (Larkin and

Sylvia, 1999). Surimi is of particular interest because it is the only seafood product

with quality characteristics that are objectively measured and standardized.

Although lower temperatures may lead to higher quality and value, they lead also to

increased cost. In an economic study of frozen food, Poulsen and Jensen (1978)

developed curves to describe one concept of temperature optimization. One curve

would describe the increasing cost of energy driving the refrigeration as storage

temperature decreased. A second curve would plot decreases in quality loss against the

same decrease in storage temperature. The intersection of these curves would

represent the optimum storage temperature. While this approach provides some insight

into the nature of the qualitycost question, temperature optimization in frozen food

inventory is a more dynamic concept that depends on storage time.

Inventory levels of many frozen food products are highly seasonal. This is especially

true for seafood products. Fisheries are typically characterized by a concentrated

harvest period followed by a longer marketing period as stored product is sold out of

inventory (Wessels and Wilen, 1993). Optimization in this case seeks to maximize the

total profits of all initial inventory over the duration of inventory sales. Any setting of
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an optimal temperature will be a forward-looking concept that incorporates an

expected rate of inventory dissipation. This expectation is critical in determining

optimum temperature since quality is deteriorating over time, costs are accumulating

over time, and the optimal temperature must balance these changes against the

expected rate of inventory dissipation. Previous qualitycost tradeoffs have been

analyzed only over the short run, where the rule for short-run profit maximization is to

set price equal to marginal cost (Frank, 1997). This means that if prices are sufficient

to cover operating costs, a firm will continue to operate over the short-run. However,

planning for a long-term strategy must also take into account capital, since a firm must

cover the cost of that capital and differences in capital outlay could result in greater

economic efficiency.

This study explores qualitycost tradeoff from a planning and investment perspective

by developing a model of cold storage temperature optimization, then applying the

model to a case study of Pacific Whiting surimi.

Surimi

Surimi is a form of fish protein commonly used in the U.S. to manufacture seafood

analog products such as imitation crab, shrimp, and lobster. Surimi is made from

minced fish muscle protein subjected to repeated washing and dewatering to eliminate

blood, myoglobin, fat, and sarcoplasmic proteins. To protect the remaining muscle

proteins from denaturation and aggregation during frozen storage, the mince is mixed

with clyoprotectants - primarily carbohydrates that will stabilize the biochemical

properties during storage (Lanier, 2000). Under appropriate conditions of salt

solubilization and heating, these fish proteins have the ability to form a highly

cohesive unit, or gel; this property is what makes surimi valuable in the production of

food products (Kim and Park, 2000). The ability of surimi to form a strong gel

generally deteriorates during frozen storage, although the lower the temperature, the

lower the deterioration rate of gel strength. Thus, effective frozen storage is a vital

part of surimi distribution.
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The two most widely used tests to measure the strength of a given gel are the punch

test and the torsion test. A punch test pushes a probe into the gel until it fails while

recording both the force needed for the gel to fail, and the depth of the probe at failure.

The torsion test measures stress and strain by twisting a cylindrical sample of surimi

gel until it fails. Strain is an indicator of cohesiveness; stress indicates strength and

hardness. Stress is strongly influenced by concentration of ingredients and processing,

while strain is largely influenced by protein functional quality. Thus, strain is viewed

as a better measure of quality and stability in frozen surimi.

MacDonald et al. (1992) incorporated the torsion test over the course of a 9-month

study to assess the shelf life of frozen Pacific Whiting surimi. Results show a very

rapid deterioration when held at + 18°F; the retention of gel strength improved

significantly as the temperature was lowered from 4° F to 22° F (Figure 30). Surimi

gels stored at 58° F showed little or no improvement over those stored at 22° F.

Therefore, as temperature is lowered, the retention of functional quality improves, but

at a decreasing rate of improvement. Hoffman (2001) showed that the level of color

characteristics for frozen surimi decreased at a diminishing rate at a constant

temperature. These observations are consistent with past studies recording quality

change with frozen storage temperature (Sikorski and Kolakowska, 1990, Kolbe and

Kramer, 1993; Learson and Howgate, 1988; Moreno, 1984).
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Figure 30. Deterioration of Torsion Strain in Frozen Pacific Whiting Surimi

A Model of Cold Storage Temperature Optimization

The economic benefits gained from holding inventory in cold storage depends on a

number of variables. One of these is inventory dissipation, which we will assume to

occur at a constant rate. That is, sales of frozen inventory occur continuously over a

specified time interval. The revenue collected by the owner of the frozen inventory is

dependent on quantity sold, the sum of revenues received at each sale, and the

accumulated cost of holding frozen inventory in storage. When the inventory is placed

into frozen storage, the owner of that inventory can either specify the holding

temperature, and/or adjust the rate of inventory dissipation, to maximize expected net

revenues. Each of these actions has its own set of variables that will affect the benefits

gained from inventory management. Thus optimizing revenues associated with frozen

-
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inventory requires the consideration of such variables as the expected fluctuations

in future prices, deterioration of quality, and costs of cold storage.

Setting the optimum holding temperature is accomplished by examining the marginal

benefits and costs associated with changes in the storage temperature. In a long-run

perspective, these marginal conditions are reflected in some of the characteristics

defining food quality, incremental changes in refrigeration energy, and changes in

capital costs of cold store design. Assuming that temperature-specific characteristics

can be separated into specific variables, one can develop a function describing the

temperature-specific net value of frozen inventory. Using this approach, the optimum

temperature is found by solving the following maximization problem.

m n

maxNPV(TR) = NP V{q, * R[X(T,t),Y(T,t)]1}
1=0 t=0

where

NPV(TR) is the sum of net present values of future temperature-dependent profits,

q is the quantity (in pounds) of product sold per day,

R is the profit per pound sold each day.

The product (q*R) is summed over time, t (days) through the inventory dissipation

period, n (days). The problem assumes that inventory clears annually. The annual net

revenue is then summed over the time, i (years) through the expected life of the

facility, m (years).

Daily profit, R, is a direct function of two variables:

X is the value per pound of quality;

Y is the cost per pound of cold storage.

Each of these variables are in turn dependent upon time (t), and temperature (T).
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It is assumed that the product value term, X decreases at a decreasing rate over

time. It is further assumed that X is a convex function of temperature, T; that is,

decreases in temperature will lead to ever-smaller improvements in value retention.

The shape of the cold storage cost function, Yis dependent on cold storage ownership.

A vertically-integrated cold storage firm has costs that decrease with increasing

temperature, T and is nearly fixed over time, t. In this case, the only variable changing

with time, t is the annual demand for refrigeration energy. If the cold store is owned

by someone other than the frozen inventory owner , there is then a periodic charge for

storage, and if the operating and capital costs of relative temperature differences is

reflected in storage charges, then Y increases with time, t, and decreases with

increasing temperature, T.

This maximization problem is subject to the expected quantity sold each day, total

quantity sold over all days, and the expected time needed to clear inventory. The

model assumes that the inventory quantity and rate of inventory dissipation is repeated

annually. This pattern can be viewed as an expectation of future inventory levels over

the life of the facility. In addition, the model assumes that the dissipation period (over

which inventory is cleared) is independent of holding temperature. Since this

optimization is subject to a planning perspective, the formal optimization criterion is

to maximize the total quantity of revenues over the life of the cold store facility.

Because the dissipation period and rate are assumed to be predetermined, the above

equation shows a relationship between cumulative profits and temperature, where

temperature influences the value function, X and the cost function, Y over the

dissipation period.
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Cost of Cold Storage

The design temperature of a cold store would typically influence cost through

differences in refrigeration machinery and building design, in addition to the rate of

energy consumed. Building design for efficient low-temperature operation will require

greater capital expense for such components as refrigeration machinery, insulation

thickness, and alternative door designs. Cost estimates for well-designed and efficient

cold storage facilities were derived from a series of estimates contracted from cold

storage manufacturers and designers (Ristau, 2003; Stevens, 2003; Vallort, 2003).

Costs are differentiated by total box cost (cost of building without refrigeration), costs

of refrigeration machinery, cost of foundation, sprinklers, racking, and refrigeration

energy demand. Other costs (e.g. labor) are independent of temperature, and therefore

are not included in this analysis.

These costs were approximated with a log-linear model that uses size and temperature

as explanatory variables (Table 17). Refrigeration costs generally increase as

temperature decreases. Refrigeration cost is also dependent on scale, with cost per

square foot decreasing as the size increases, given constant temperature.

As with refrigeration machinery, the unit cost (per cubic foot) of the cold storage box

also decreases as size increases. Cost dependence on temperature for the box has an

additional complexity. There is little variation in cost for temperatures between _100

and _200 F, but costs increase with temperatures lower than _200. Thus, box costs

were approximated with a log-linear spline regression which measures cost per cubic

foot. This function has a "knot" that allows cost to increase more rapidly at

temperatures below -20°.

The costs of foundation, racking, and a sprinkler system (titled "Miscellaneous" in

Table 17) are estimated in terms of cost per cubic foot. This function is size- and
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temperature-dependent, decreasing as size increases; increasing as temperature

decreases.

The last component of costs is the energy required to drive refrigeration machinery,

expressed as dollars per cubic foot. In general, this component increases as

temperature decreases and decreases as box-size increases.

Table 17. Log-Linear Regression Results for Cold Storage Costs

(Coefficients are in units of 2003 US dollars)

Values in parentheses are standard deviations. D represents a dummy variable which
equals 1 for temperatures below minus 20°

Quality Deterioration

Assigning an objective level of quality to seafood products is difficult. This study

focuses on surimi, which is one of the few seafood products objectively graded based

on the measurement of several characteristics: color, gel strength, water content, pH,

and impurities. Despite the fact that the level of these characteristics largely influences

surimi price, there is surprisingly little information available showing the change in

these characteristics while in frozen storage. The effort by MacDonald et al. (1992)
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Variables
Model Specification

Box Refrigeration MiscellaneousEnergy
Intercept 3.386 4.1482 1.927 6.78

(0.543) (0.243) (0.498) (0.412)
LN(square feet) -0.288

(0.023)
LN(cubic feet) -0.225 -0.202 -0.6 15

(0.029) (0.04) (0.028)
LN(Fahrenheit*1) 0.032 0.477 0.143 0.518

(0.159) (0.056) (0.103) (0.091)
LN(((Fahrenheit* 1 )20)*D)0.0532

(0.274)
R-square 0.746 0.928 0.606 .972
Observations 25 21 20 18
Fvalue 20.539 115.595 13.078 256.879



shown in Figure 30, identified the strength of surimi gels held at various storage

temperatures over time. As expected, the retention of surimi gel strength is higher at

lower temperatures.

From the standpoint of quality deterioration in frozen inventory, it is appropriate to

examine only those surimi characteristics that are temperature-dependent: color, gel

strength, and pH. These variables are interconnected. Ice crystal formation in frozen

surimi concentrates salt, increases dehydration or drip-loss, and decreases pH. These

changes in turn lead to undesirable protein denaturation and lipid oxidation. Protein

denaturation and pH changes significantly affect gel strength; lipid oxidation may lead

to a change in color (Hoffman, 2001). Because the temperature-dependent

characteristics while in frozen storage relate directly or indirectly to the same chemical

changes, it is reasonable to assume a strong correlation between changes in the levels

of pH, color, and gel strength while in frozen storage. For this study we used the gel

strength data of MacDonald et al. (1992) to show changes in the aggregate level of

quality. Such changes are generally consistent with past studies describing the quality

of frozen food.

Figure 30 shows that for storage temperatures below 18° F, some increase in strain

values was observed for up to 100 days. This increase is not observed for other quality

variables (such as color), and it is unlikely that the market would bear an increasing

price for surimi after it has been held in storage. Thus, we assume a functional form

that is concave in time, t, using only those strain values that decrease over time to

predict the aggregate level of quality.

There is a lower bound of quality, not equal to zero, below which the product is no

longer marketable. This quality threshold is reached when a surimi gel will no longer

pass a "double fold test", i.e. when a sheet of gel shows no cracks after it is literally

double-folded (MacDonald et a!, 1992). Given our units and scale of quality retention,

this threshold occurs near the level of 76% of remaining quality. In fact, value
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Quality = 100 (time)°56 (temperature * - 1)_029

83
deterioration (as a function of quality) is continuous and worth significantly more

than zero provided quality is above the minimum threshold value. The model

developed in this study assumes that value deteriorates in a continuous manner so long

as quality is above the minimum threshold.

Surimi companies assign grades based on the level of color, gel strength, water

content, and impurities. This implies a value function that is not continuous over time,

but deteriorates in a step-wise maimer. However, evidence and experience suggest this

is not the case. One reason is that the level of characteristics used in determining

surimi grade are not absolutely binding, meaning that a firm may allow less-than-ideal

levels of certain characteristics into a specific surimi grade. Furthermore, an empirical

model developed by Larkin and Sylvia (1999) using production location and surimi

grade as explanatory variables showed a low ability to predict surimi price. This could

be because there is no common grading schedule for surimi, implying that each firm

decides which characteristics to include, how they are measured, and the levels and

nomenclature that define each grade.

Several functional forms were evaluated to model quality deterioration. The model

that resulted in the best fit and that was most consistent with our assumptions

regarding the properties of quality deterioration is a non-linear regression function

with time (in days) and temperature (in Degrees Fahrenheit) as explanatory variables.

Using assumptions previously described regarding use of data from MacDonald et al.

(1992), the resulting model is given below. Figure 31 shows a graphical form for three

storage temperatures plotted with the source data.
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Figure 31. Predicted Quality Deterioration in Frozen Surimi
Data points are from MacDonald et al, 1992.
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Model Application

Time-temperature quality information is combined with economic analysis to estimate

optimal temperatures for storing frozen Pacific Whiting surimi Note that, while this

application is for surimi, the process can be applied to other types of frozen foods for

which quality/value attributes can be quantified.

Information used to estimate the value of frozen surimi comes primarily from the work

of Larkin and Sylvia (1999) and MacDonald et al. (1992). In a hedonic model of

Pacific Whiting surimi, Larkin and Sylvia (1999) estimated the marginal implicit

prices of water, pH, impurities, color (both whiteness and lightness), and gel strength

from the punch test, expressed as force, depth, and energy. Water content, in percent
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Source: Larkin and Sylvia (1999)

The marginal prices of each characteristic shown in Table 18, when combined with

temperature-dependent levels of these characteristics while in frozen storage will give

a price (and value) of the surimi over time. An estimate of the level of each

characteristic at time zero is presented in Table 19. These are average values based on

multiple lots of surimi.
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by weight, will influence acceptance, and is undesirable if too high. The pH level

can be influenced by storage conditions, where levels exceeding neutral values are

more desirable. Impurities are the remaining skin and bone fragments, measured in

millimeters and assigned specific levels based on size. Whiteness and lightness

represent the color; whiteness is calculated as Z, a value in the CIE (Commission

Internationale de l'Eclairage) Lab standard color test, and represents the blue region of

the spectrum; lightness is represented by a value, L which measures blackness and

whiteness. Force, depth, and gel strength were described previously. These

characteristics, their temperature dependence, and their marginal implicit prices are

further defined in Table 18.

Table 18. A Hedonic Model of Quality Characteristics

Marginal
Implicit Temperature
Price Characteristic Dependence Definition

-2.972 Intercept No
-0.007 Water No Water content (percent by weight)
0.003 Impurity No Impurities (greater than 2mm = ipoint, <

2mm = 0.5 point)
-0.238 PH Yes pH level
-0.039 White Yes Whiteness (Z value in CIE X, Y, Z; blue

region of spectrum)
0.073 Light Yes Lightness (L value in L, a, b; 0 = black,

100 = white)
0.005 Depth Yes Indentation depth at failure, indicates

cohesiveness (cm)
2.237 Force Yes Force at failure, indicates firmness (g)
-0.003 Gel Yes Force*Depth = gel strength, represents

energy required to penetrate the sample



Table 19. Value of Quality Characteristics at Time Zero
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Table 19 shows the estimated value of surimi to be $1.72 per pound at time zero and

assumed 100% quality retention. As previously stated, the analysis is concerned with

those characteristics that change with temperature and time: pH, whiteness, lightness,

force, depth, and gel strength (Park, 2003; Hoffman et al., 2001; Kim and Park, 2000;

MacDonald et al., 2000; Larkin and Sylvia, 1999; MacDonald et al., 1992). Thus, the

estimate of value while in storage is accomplished by holding temperature-

independent characteristics constant and allowing temperature-dependent

characteristics to change according to the quality deterioration function. Figure 32

gives the graphic results. When these values are reduced by the time-dependent

marginal cost of storage, the result will be the net revenue per pound of surimi.

Attribute Level Price Value

Intercept -$2.972 -$2.972
Water 74.7 -$0.007 -$0.549
PH 7.3 -$O.238 -$1.737
Impurity 2.6 $0.003 $0.008
White 53 -$0.039 -$2.059
Light 78.4 $0.073 $5.722
Depth 763.3 $0.005 $3.534
Force 1.4 $2.237 $3.132
Gel 1091.8 -$0.003 -$3.357
TOTAL $ 1.723
Source: Larkin and Sylvia (1999)
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Figure 32. Predicted Value Deterioration of Frozen Surimi (value per pound)

The importance of these analyses in planning and managing cold stores and cold store

inventory can best be shown by example. We assume a facility having 5,328 square

feet of floor space, a height of 25 feet, and designed to hold 1 million pounds of

product. Estimates of capital and energy costs result from the regressions given in

Table 17. Converting these temperature-dependent costs to marginal costs per pound

is accomplished with a set of assumptions:

the cost of a box designed for a temperature equal to ambient temperature is

$250,000; so marginal box cost with respect to temperature will be the estimated box

cost minus $250,000.

the cost of sprinklers, foundation, and racking designed for a temperature equal to

ambient temperature is calculated to be $90,000; so marginal cost with respect to

temperature will be the estimated cost minus $90,000.

capital costs are the result of a loan at 8% over 20 years

the price per kWh is $0.10.
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5) the discount rate is 8%.

The optimization assumes that the cold store is privately owned by the owner of

inventory, and used only for surimi storage. Capital costs are annual fixed costs and

energy usage is determined by the number of months surimi is held in storage (which

will also be the number of months of operation).

We combine this information to generate an optimum temperature setting for two rates

of inventory dissipation. For simplicity, these dissipation rates are assumed constant

and dictated by the selected dissipation period, or total time of inventory sales. Figure

33 shows the results. The total net revenue is lower for the longer dissipation period,

because inventory sold at later dates will have lower quality and value and higher

cumulative costs. Note that ongoing increases in surimi market value could strongly

influence these results. Optimum storage temperature also varies with the inventory

dissipation rate, as expected, due to the tradeoffs between quality preservation and the

cost as a function of temperature. For the example of an 8-month dissipation period,

additional quality preservation at _200 F outweighs the cost of maintaining the lower

temperature. Thus for our example of a million pound capacity, it is most profitable,

by about $100,000, to hold at -20°F (vs - 10°F) when the inventory dissipation period

is 8 months.
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Figure 33. Net Present Value as a Function of Temperature for Two Rates of
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Conclusion

Storing seafood as frozen inventory is an integral part of the seafood distribution

process. In general, colder holding temperatures have a higher degree of quality

preservation, and evidence suggests that higher quality will command higher market

prices. Assuming the goal of seafood distributors and marketers is to gain maximum

profit, then one variable affecting that goal is the holding temperature for a given

product. This paper demonstrates one approach for determining the optimum storage

temperature. Using the properties of frozen food quality and cold storage cost and

planning, this paper has shown that optimization is more than a two dimensional

concept, and that managing temperature is also dictated by the dissipation period and

rate of inventory sales. This empirical example using Pacific Whiting surimi shows
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that the optimum storage temperature is a dynamic process dependent on quality

retention, storage cost, and inventory dissipation, and that the optimal storage

temperature will vary depending on different strategies of inventory sales.
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Opportunities and Challenges facing Oregon Cold Storage Development

As seafood-based revenues and decline across the west coast of the U.S., many coastal

communities are searching for ways to retain seafood industry revenues and

employment. Many industry and community leaders point to the development of cold

storage as one means of achieving that goal and suggest that cold storage could

enhance the ability to develop value-added products and retain processing along the

coast.

The development of cold storage on the Oregon coast faces many challenges. The

most likely source of inventory for coastal cold storage is seafood, a class of products

that are highly variable and seasonal. This makes the development of seafood-based

cold stores a challenge since the occupancy rate may be low, there is significant

inability to adequately plan for future inventory levels, and in some cases, the scale of

inventory may not be sufficient to capitalize on the economies of scale inherent in cold

storage development.

In spite of these challenges, some opportunities exist for coastal cold storage

development. An appropriately designed cold store could increase shelf life and

retention of value over present conditions, especially for seafood products with

relatively high fat content such as albacore and chinook salmon. In addition, cold

storage may act as a catalyst toward developing various sectors of the seafood

industry, and some of these developments may translate into additional employment in

the form of processing labor, higher ex-vessel revenues, and positive economic

impacts. However, the probability of these developments occurring because of cold

storage construction remains uncertain at this time, and should be the focus of future

research.



Bibliography

Anderson, J.G., and J.L. Anderson. 1991. Seafood Quality: Issues for Consumer
Researchers. Journal of Consumer Affairs 25(1): 144-63

Anderson, J and S. Bettencourt. 1993. A Conjoint Approach to Model Product
Preferences: The New England Market for Fresh and frozen Salmon. Marine Resource
Economics. 8 (1): 31-49

Berndt, Ernst R. 1996. The Practice of Econometrics: Classic and Contemporary.
Addison-Wesley Publishing Company

Bogart, William Thomas. Case Western University. 1998. The Economics of Cities
and Suburbs. Prentice Hall

Borbely, P; Poulsen, K. 1980. Relations Between Total Costs, Energy, Insulation,
Volume of Cold Stores, and Temperatures. Journal of Scandinavian Refrigeration.
March, 1980.

British Columbia Tuna Fisherman's Association. http://www.bctfa.com!

Carter, Chris. 2003. Economist. Oregon Department of Fish and Wildlife. Personal
Communication.

Cortright, Joseph; Impresa Inc. 2001. U.S. Economic Development Administration.
New Growth Theory, Technology and Learning: A Practitioners Guide.

Davis, Shannon. 2003. The Research Group. Personal communication

Doyle, John P. 1993. Seafood Shelf Life as a Function of Temperature. Alaska Sea
Grant. Fairbanks, Alaska

Dulcich, Frank. 2002. President: Pacific Group. Portland, Oregon. Personal
Communication

Einarsson, H. 1992. Predicting the Shelf-Life of Cod (Gadus morhua) fillets stored in
air and Modified Temperature between 4C and +16C. In: Quality Assurance in the
Fish Industry. Huss, H; Jakobsen, M; Liston, J. (editors).

Food Facility Engineering. Personal Communication. September, 2001.

Frank, R. 1997. Microeconomics and Behavior. Third edition. McGraw-Hill.

Garland, Milton W. Industrial Refrigeration 102: A Design Manual. 2001 lIAR
Ammonia Refrigeration Conference. Long Beach, CA.

Gartner Refrigeration. Personal Communication. August, 2001.

Greene, W. 2000. Econometric Analysis. Fourth Edition. Prentice Hall.

Griffiths, W; R. Hill; G. Judge. 1993. Learning and Practicing Econometrics. John
Wiley&Sons.

92



93
Hirshleifer, Jack; Riley, John G. 1992. The Analytics of Uncertainty and
Information. Journal of Economic Literature. Vol. XVII (Dec. 1979) pp 1375-142 1.

Hoffman, J. 2001. Physio-Chemical Properties of Pacific Whiting Surimi as Affected
by Various Freezing/Storage Conditions and Gel Preparation Methods. Thesis for
Master of Science. Oregon State University. Corvallis, Oregon.

Huss, H. 1995. Quality and Quality Changes in Fresh Fish. FAO Fisheries Technical
Paper - 348. Food and Agriculture Organization of the United Nations. Rome, 1995

International Association of Refrigerated Warehouses. 2002. Directory of Refrigerated
Warehouses and Distribution Centers

Johnston, W.A.; Nicholson, F.J.; Roger, A. and Stroud, G.D. 1994. Freezing and
Refrigerated Storage in Fisheries. FAO Fisheries Technical Paper - 340. Food and
Agriculture Organization of the United Nations. Rome, 1994

Kilkenny, Maureen; Nalbarte, Laura. Keystone Sector Identification: A Graph Theory-
Social Network Analysis Approach. 1999. Regional Research Institute, WVU.

Kim, B and J. Park. 2000. Rheology and Texture Properties of Surimi Gels. In: Surimi
and Surimi Seafood. Park, J, editor. pp. 267 - 324. Marcel Dekker, Inc.

Kolbe, E. 2000. Freezing Technology. In: Surimi and Surimi Seafood. Park, J, editor.
pp 167 - 200. Marcel Dekker, Inc.

Kolbe, Edward; Kramer, Donald. 1993. Planning Seafood Cold Storage. Alaska Sea
Grant. University of Alaska Fairbanks. Marine Advisory Bulletin No. 46.

Lanier, T. 2000. Surimi Gelation Chemistry. In: Surimi and Surimi Seafood. Park, J,
editor. pp. 201 - 236. Marcel Dekker, Inc.

Larkin, S and G. Sylvia. 1999. Firm-Level Hedonic Analysis of U.S. Produced Surimi:
Implications for Processors and Resource Managers. Marine Resource
Economics.14(1): 1-19

Learson, Robert J.; Howgate, Peter. 1988. Cost-Benefit Relationship of Storage of
Fish at Different Temperatures. Research Summary. The Refrigeration Research
Foundation.

MacDonald, G; T. Lanier; P. Carvajal. 2000. Stabilization of Proteins in Surimi. In:
Surimi and Surimi Seafood. Park, J, editor. pp 91-126. Marcel Dekker, Inc.

MacDonald, G; T. Lanier; E. Kolbe; M. Morrissey. 1992. Unpublished data presented
in: The Shelf-Life of Pacific Whiting Surimi. In: Windows on Pacific Whiting.
OCZMA and OSU Newsletter of October 9. Unpublished.

Maki, Wilbur; Lichty Richard. 2000. Urban Regional Economics: Concepts, Tools,
and Applications. Iowa State University Press.

Mapquest. 2003. www.mapquest.com

Martech Company. 1976. Economic and Market Feasibility Study for Seafood
Processing, Cold Storage Warehousing, and Ice Manufacturing. Prepared for the Port
of Newport, Oregon. March 1976.



McConnel, K.E. and I.E. Strand. 2000. Hedonic Prices for Fish: Tuna Prices in
Hawaii. American Journal ofAgricultural Economics. 82 (1): 133-144

McDonald, John F. 1997. Fundamentals of Urban Economics. Prentice Hall.

Moreno, J. 1984. Quality Deterioration of Refrigerated Foods and its Time-
Temperature Mathematical Relationships. International Journal of Refrigeration.
1984: 371-376.

Morris, M; Morris, G. 1992. Market Oriented Pricing: Strategies for Management.
NTC Business Books.

National Marine Fisheries Service. 2002. Northwest Regional Office, Permits and
Statistics Division

National Marine Fisheries Service. 2003. Science and Technology Division.
Commercial Fisheries Landing data.

Northern Economics, Inc. 1998. Feasibility Analysis of a Publicly Owned Refrigerated
Warehouse Facility for the City and Borough of Juneau.

Pacific Fisheries Management Council. 2003. Personal Communication.
http://www.pcouncil.org!

Pacific States Marine Fisheries Commission. 2000. Description of the U.S. West
Coast Commercial Fishing Fleet and Seafood Processors.

Poulsen, K. 1983. Energy Use in Food Freezing Industry. In: Energy in World
Agriculture: Energy in Food Processing. Vol 1. Singh, R.P. (editor).

Poulsen, K.P. and S.L. Jensen, 1978. Quality-Economy Relations of Frozen Foods.
Proceedings of the hR. Budapest.

Research Group, The. 2001. Oregon's Commercial Fishing Industry; Review of Year
2000 and Outlook for Year 2001. Oregon Department of Fish and Wildlife, Oregon
Coastal Zone Management Association.

Research Group, The. 2000. Oregon's Commercial Fishing Industry in 1998 and 1999.
Oregon Department of Fish and Wildlife, Oregon Coastal Zone Management
Association.

Research Group, The. 1999. State and Coastal Communities Fisheries Economic
Assessment Project. Oregon Coastal Zone Management Association, Oregon
Department of Fish and Wildlife, Oregon Economic Development Department,
Oregon Sea Grant Program.

Ristau, Ward. 2003. President: PermaCold Engineering. Portland, OR. Personal
Communication

Roth, E; Nielsen, M; Pickering, H; Jaffry, 5; Whitmarsh, D; Wattage, P; Frere J. 2000.
The Value of Fish Quality. Proceeds of the 2000 IIFET conference. Corvallis, Oregon.

Shadbolt, M. 1979. Potential Demand for Cold Storage Services Available to the
Public in the Port of Newport. Oregon State University. Extension Marine Advisory
Program. Special Report 558. September 1979.

94



95
Sikorski, Z.E. and A. Kolakowska. 1990. Freezing of marine food, CH. 7, pp. 111 -
124. In: Seafood: Resources, Nutritional Composition, and Preservation, Z.E. Sikorski
(ed.). CRC Press

Stevens, Stuart. 2003. Project Manager: Food and Consumer Products Division.
Industrial Design and Construction, Inc. Portland, OR. Personal Communication

Suezie, Kim. 2002. President: Citylce Cold Storage. Seattle, Washington. Personal
Communication

Sylvia, G. and S. Larkin. 1995. Short run firm-level demand for Pacific whiting
products: a multiattribute, multisector analysis. Canadian Journal of Agricultural
Economics. 43:501-5 18.

Vallort, Ron. 2003. President: Ron Vallort & Associates. Oak Brook, IL. Personal
Communication

Unger, Tim. 2002. Plant Manager: Bellingham Cold Storage. Bellingham,
Washington. Personal Communication.

Wagner, J; Deller, S. 1998. Measuring the Effects of Economic Diversity on Growth
and Stability. Land Economics. November 1998. pp 541-546.

Wessells, C.R. and J.E. Wilen. 1993. Inventory Dissipation in the Japanese Wholesale
Salmon Market. Marine Resource Economics. 8 (1): 1-16

Western Fishboat Owners Association. http://www.wfoa-tuna.orgl

Wilson, Richard and Crouch, Edmund A.C. 2001. Risk-Benefit Analysis. Center for
Risk Analysis. Harvard University.



Appendix: Oregon Cold Storage Simulation Model - Instructions on
Using and Updating the Program

Welcome to the Oregon Cold Storage Simulation Model. This is a regionally based

economic analysis program designed to provide preliminary guidance to managers,

planners, members of the fishing and fish processing industries, and others who wish

to develop or plan a cold storage facility on the Oregon coast. Although the concepts

used to develop this model are applicable to many food industries, the OCSSim is

designed for and geared toward the fishing and fish processing industries. Using a few

user-provided parameters, the model will furnish estimates of costs and revenues

associated with a particular cold storage facility design, as well as other outputs. This

model should be viewed as preliminary analysis used to explore various alternatives

for coastal cold storage development. This model should not be used as a replacement

for a formal feasibility study.

These instructions provide guidance on using the program, navigating through the

program, interpreting the results, and (for advanced users) editing portions of the

program as you see fit.

Table of Contents

I) Introduction

II) Running a simulation

Overview of Basic Model Interface

Overview of Advanced Model Interface

Example Simulation

III) Interpreting results

IV) Updating the program

Introduction

This program is designed to be used in the initial stages of cold storage development.

It is best viewed as an educational and informative tool that uses an iterative process -

96



97
rather than an optimization process - to estimate cold store feasibility. Included in

the analysis is additional information that provides insights into reasons for or against

a feasibility determination. For example, if a simulation determines that a cold store is

unfeasible, the user of the model can view the variables and calculations that

contribute to the fact that the cold store is not feasible.

Before running the model your computer must have the "analysis tool pack" and

"analysis tool pack - VBA" in MS Excel installed. First, open MS Excel, then select

"Add-Ins" under the "Tools" drop down menu. Under the "Add-Ins" menu, select

"Analysis Tool Pack" and "Analysis Tool Pack - VBA". In older versions of Excel,

you may be asked for your MS Excel installation disk. After installing the analysis

tools, open the OCSSim file in MS Excel, select "Enable Macros" and open the file as

"Read Only".

Running a Simulation

This section will provide an overview of how to use the model, a description of each

model version (basic and advanced), and will finish by working through and adjusting

an example simulation.

On the top of the first sheet shown after opening the file, you will see a gray box titled

"Define Program Type" along with the instructions on using the model. By selecting

the "Define Program Type" button, you will be taken to another sheet that is used to

select the version of the model you want to use. In this new sheet you will see two

buttons called "basic model" and "advanced model". The "basic model" should be

selected if you aren't familiar with the model and/or cold storage development. The

"advanced model" should be selected if you are familiar with the model and cold

storage development.

After selecting the version of the model that you want to run, you will be taken to

another sheet titled "Program Interface" with several tables. This sheet is the section
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of the model that you control. Within each of these tables are blue cells. These blue

cells are various specifications and parameters where you enter values based on your

expectations for cold store development.

After inserting values into these cells, the "Run Model" button is used to calculate

model results based on the values you have specified in the program interface.

Basic Model Overview

Select the "basic model" button within the "Define Program Type" sheet and wait a

moment while the model calibrates the appropriate data. After selecting the basic

model button in the "Define Program Type" sheet and after the model has finished

calibrating the appropriate data, you will be taken to a sheet titled "Program Interface

- Basic Model". This sheet will have several tables with blue cells within each of

those tables. The blue cells are where you specify certain values for various categories

based on your expectations for cold store development. Some of the blue cells need to

be whole numbers, some of them need to be text, and some of them need to be

percentages. The appropriate units are specified where appropriate. You will also see

several gray buttons titled "Run Model", "Start New Program - Define Program

Type", and "Start New Program - Take me to Instructions tab". The "Run Model"

button is selected after you have finished specifying values within each of the blue

cells, and this button will start the calculations within the model. The other two cells

are selected if you want to start a new simulation.

In the basic model interface, the first table you see is titled "Region Specification".

This is the region from which your cold store will acquire inventory. For example, if

one is planning on building a cold store based in Newport, this cold store would hold

inventory from the Newport-based fishing industry. In this case one would select the

Newport region from the first table. The second table is titled "Inventory Input

Specifications" and has species types in the left column, percent of landings,

processed yield, and percent frozen in the other three columns. The percent of landings



is the percent of the regional landings of each species that your business deals with

on a typical year. The processed yield column is the average processed yield

specification of each species type that is being held in storage. The percent frozen is

the percentage of species your business handles that you will be placing in storage.

The next three tables determine charges, inventory flow, and miscellaneous revenue.

The table titled "Storage and Handling Charges" specifies the rates charged per pound

for handling of inventory and inventory storage. Handling charges are the charges for

both in and out handling of inventory, while the storage charges are the charges per

month for holding inventory in storage. The table to the right titled "Inventory

Dissipation Rate" specifies the number of months it takes inventory to clear once it

has been placed in storage. The table below with the row titled "Annual Misc. Net

Revenue" is the amount of net revenue that is generated from other services your cold

storage may provide such as weighing andlor packaging services.

The focus of the next series of tables is on cost and design elements of the cold store.

The first table in this next set specifies design temperature, cold store height, and the

average pounds per cubic foot of your stored inventory. Particular attention should be

given to these cells as the model is highly sensitive to these parameters.

The next table is mostly made up of various capital costs. Some of these values are

percentages, some are number of units, and some are total costs. The types of units are

specified in the second column to the left titled "Units". In some cases you will be

asked to insert a value for the number of units, sometimes the unit cost, and other

times the total cost. The last cell in this table is the charge per kWh for refrigeration

energy and is the only operating cost in this table. The charge per kWh should account

for peak demand charges.

The next series of tables are annual costs. The first of these tables is the annual labor

requirements and labor costs. Labor can specified as warehouse labor, office labor,

and hourly labor. You will need to specify both number of persons (or hours for
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hourly labor), and the annual cost of hiring that person. Annual costs should

account for wage, salary, and benefits.

The next table titled "Misc. Costs" are the costs of depreciation, maintenance,

insurance, and property taxes. These costs are all percentages of structural cost, except

for property taxes which is a percentage of structural cost and land. The final table is

also a miscellaneous cost table. This table is used for specifying the annual cost of

office supplies, phone expense, totes and pallets, garbage, and sewer and water. These

costs are specified as annual totals.

Advanced Model Overview

In the "Define Program Type" sheet, select the "Advanced Model" button. The

program may pause for a moment depending on the speed of your computer. After the

program has updated the data you will be taken to a sheet titled "Program Interface -
Advanced Model". If you have worked with the basic model, this sheet will look

familiar. The difference between the advanced model and the basic model is that you

can select from three different facility types (either a one room, a two room, or a one

room facility that expands in the future). The other difference between the advanced

model and the basic model is that the advanced model uses additional parameters and

also allows you to manually enter additional sources of data.

The advanced model interface will have several tables with blue cells within each of

those tables. The blue cells are where you specify certain values for various categories

based on your expectations for cold store development. Some of the blue cells need to

be whole numbers, some of them need to be text, and some of them need to be

percentages. The appropriate units are specified where appropriate. You will also see

several gray buttons titled "Run Model", "Start New Program - Define Program

Type", and "Start New Program - Take me to Instructions tab". The "Run Model"

button is selected after you have finished specifying values within each of the blue
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cells, and this button will start the calculations within the model. The other two

cells are selected if you want to start a new simulation.

In the advanced model interface, the first table you see has three rows titled "one room

facility", "two room facility", and "one room facility with expansion". These rows

allow you to select the type of facility you will be designing. A further description of

these options is given in a comment box. Hold your cursor over the cell called "Cold

Store Type" to view this comment. The second set of tables is titled "Region

Specification". This is the region from which your cold store will acquire inventory.

For example, if one is planning on building a cold store based in Newport, this cold

store would hold inventory from the Newport-based fishing industry. In this case one

would select the Newport region from the first table.

The second table is used to predict an increase or decrease in landings. This is done by

scaling (up or down) landings from 1995 - 2001 in the region you've selected over

five year increments, where the colunm 0 - 5 represents landings in the current year

up to the fifth year, 6 - 10 represents landings in the sixth year through the tenth year,

etc. At times it may be worthwhile to view the historic landings data to your region to

assist in predicting the change in landings. This is done by selecting the small button

above the right corner of the table. This button will take you to another sheet where

the average landings to your region will be highlighted. To return to the advanced

model select the button on the right side of the screen titled "Go to Advanced

Interface". This table also allows you to add additional forms of inventory such as

cranberries or chickens, or landings from a region that isn't specified in the model. If

you want to hold items like cranberries for example, go to the first blue cell under the

species column and type in cranberries. Next push the button titled "I want to add

additional forms of inventory". This will take you to a different sheet with two grey

tables. The first table is where you would insert the pounds of cranberries you expect

to hold per year. The second table is where you would enter the month those

cranberries come into storage, and the number of pounds that are in inventory each

month from those cranberries. After you've finished entering in the pounds of your
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additional inventory, select the "Take me back to Advanced Inventory Interface"

button.

The third table in the advanced interface is titled "Inventory Input Specifications" and

has species types in the left column, percent of landings, processed yield, and percent

frozen in the other three columns. The percent of landings is the percent of the

regional landings of each species that your business deals with on a typical year. The

processed yield column is the average processed yield specification of each species

type that is being held in storage. The percent frozen is the percentage of species your

business handles that you will be placing in storage.

The next table titled "Rate of Business Growth" allows you to build-in a growth rate

of your cold store operations. The reference of this growth rate is based on what you

have specified in the previous cells. For example, if you enter 70% in the column titled

"Starting Reference of Growth Rate", and 10% in the column titled "Annual Growth

Rate", the models first year of inventory will be 70% of what you expect to achieve

eventually, and that amount of inventory will grow by 10% each year until the total

reaches 100%.

The next three tables determine inventory flow. In this case you have the choice of

choosing an inventory dissipation method that relies on continuous flow over time

(dissipation strategy), or one that sells all inventory at a specified month (market

hedging strategy). In the table titled "Inventory Flow strategy" enter yes for the

strategy you want to use and no for the one you won't use. Then proceed to the

appropriate table below and enter either; 1) the number of months it takes inventory to

flow out of storage, or 2) the month that inventory will flow out of storage. It is

important to note in this case, that both tables must have numbers between 1 and 12 at

all times, even if that particular strategy isn't being used.

The next table titled "Storage and Handling Charges" specifies the rates charged per

pound for handling of inventory and inventory storage. Handling charges are the
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charges for both in and out handling of inventory, while the storage charges are the

charges per month for holding inventory in storage. The table below with the row

titled "Other Annual Net Revenue" is the amount of net revenue that is generated from

other services your cold storage may provide such as weighing and/or packaging

services.

The small table below the "Other Annual Net Revenue" allows you to control whether

to incorporate uncertainty in the model prediction. The uncertainty in the model shows

up as a variation in annual landings, and this variation is scaled by the standard

deviation of landings to the region you have specified. You can ignore this possible

variation by typing "no" in the blue cell, or you can incorporate it by typing "yes".

The focus of the next series of tables is on cost and design elements of the cold store.

The first table in this next set specifies cold store height, the percent of floor being

used for storage, the percent of height being used for storage, and the average pounds

per cubic foot of your stored inventory. Particular attention should be given to these

cells as the model is highly sensitive to these parameters.

The next two cells are the design temperature of your facility. If your facility is being

designed with a single room, you only need to pay attention to the leftmost cell.

Otherwise, if you are designing a two room facility, you will need to enter temperature

values in both cells. The numbers in these cells need to be negative and be specified in

degrees Fahrenheit.

The next table is a series of various capital costs. Some of these values are

percentages, some are number of units, and some are total costs. The types of units are

specified in the second colunm to the left titled "Units". In some cases you will be

asked to insert a value for the number of units, sometimes the unit cost, and other

times the total cost with a predicted value along with a lower and upper bound.



The table immediately below has capital cost loan specifications. The leftmost cell

is the duration of the loan, and the right cell is the rate of the loan.

The next series of tables are annual costs. The first of these tables is the cost of

refrigeration energy. This should account for standard charges as well as peak demand

charges and customer charges. The next table consists of labor requirements and labor

costs. Labor can specified as warehouse labor, office labor, and hourly labor. You will

need to specify both number of persons (or hours for hourly labor), and the annual cost

of hiring that person. Annual costs should account for wage, salary, and benefits.

The next table titled "Misc. Costs" are the costs of depreciation, maintenance,

insurance, and property taxes. These costs are all percentages of stmctural cost, except

for property taxes which is a percentage of land cost. The final table is also a

miscellaneous cost table. This table is used for specifying the annual cost of office

supplies, phone expense, totes and pallets, garbage, and sewer and water. These costs

are specified as annual totals.

Example Simulation

In the advanced model interface you will see a box on the upper right titled "Pre-

Programmed Examples" and two selections titled "Whiting Surimi Cold Store" and

"Value Added Albacore Cold Store". These examples are the same as the Whiting

Surimi and Value-added Albacore scenarios described in the document accompanying

this one. This section will use the Value-added Albacore Cold Store example to

familiarize you with the sensitivities of the model.

Click the "Value-Added Albacore Cold Store" button. The model will work through

the interface and insert values into each of the blue cells. When it is finished, the

model will remain in the program interface. Click the "Run Model" button. After the

model has finished calculating, you will be taken to a sheet with several graphical

results. These figures describe revenue and inventory flow with predicted revenue on
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the top, followed by predicted inputs over a 20 year span, predicted inventory over

a 20 year span, predicted inventory per month in 5 year averages, and predicted

storage and handling revenue over a 20 year span. Note that your cumulative loss in

the top figure (shown by the right side y-axis and the grey line) is approximately $1.2

million.

Now go to the top of the page and select the button titled "Start New Program -
Define Program Type". This will take you to the "Define Program Type" sheet. In the

"Define Program Type" sheet select "Advanced Model". You will be taken to the

Advanced model interface where your previous simulation values are still stored. Go

to the table in cells B:134 to B:137 and change the "product pounds per cubic foot"

value from 25 to 35. Go to the bottom of the sheet and press the "Run Model" button.

After the model has calculated you should notice that your cumulative losses have

decreased from approximately $1.2 million to $1 million. Now go back to the

advanced model interface again by selecting "Start New Program - Define Program

Type", then selecting "Advanced Model". Scroll to the table in cells B:134 to B:137.

Now change the "percent of height used for storage" and the "percent of floor used for

storage" values from 50% to 75%. Scroll to the bottom of the sheet and select the

"Run Model" button. After the model has finished running you should notice that your

cumulative losses have decreased from approximately $1 million to $800 thousand.

To familiarize yourself with some of the model sensitivities, you may want to continue

to adjust values in the advanced interface in this manner and view the outputs. Also

consider running the "Whiting Surimi Cold Store" example and alter various

parameters. You should find that the financial outputs in the "Whiting Surimi Cold

Store" example are more sensitive in some cases due to the fact that the size (and cost)

are larger in the "Whiting Surimi Cold Store" example.



Interpreting Results

After running the simulation, you will be shown several results in graphical format

including a figure showing annual and cumulative net revenues, pounds of inventory

and inputs over twenty years, pounds of inventory per month in five year averages,

and annual handling and storage-based revenues. To view detailed annual and

cumulative revenue estimates, select "View Cold Store Design and Cost Detail". The

tables at the end of the detailed cost and design specifications are the resultant

financial analyses for the proposed cold store. The financial analyses are in both

annual and cumulative terms, and separated by annual fixed costs, and annual

operating costs. Annual terms represent the revenue or loss in that year, and

cumulative terms represent the cumulative return up to the specified year.

More detailed results in data from can be viewed by selecting the button "Show me

tabular holding results". The first set of tables in gray shows the statistical base used to

calculate inventory levels. The next series of tables titled "Inputs per Year" and

"Inventory per Month and Year" shows storage inputs per year, inventory per year and

month, and maximum inventory load. This maximum inventory load serves as the

base for cold store construction, but one can also adjust this level to design a facility

with sub-maximal capacity. The next set of tables titled "Storage Revenues per Month

and Year," "Handling Revenues per Month and Year," and "Total Revenues" are

based on the previous tables and show storage revenue, handling revenue and total

revenue per year. Total revenue is the sum of handling revenue, storage revenue, and

miscellaneous revenue captured in the inventory simulation section. The last two

tables titled "Occupancy Rate" and "Cost per Pound" show occupancy rate per year

and the average cost per pound of input per year.

Model users may also be interested in the regional economic impact of various product

forms. Economic impacts are expressed as the regional impact of various product

forms before they have been processed and provide insights into the possibilities of
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cold storage as a keystone to economic and further product development. Several

product forms that might have an enhanced regional economic impact include smoked

albacore, albacore loins, albacore sashimi, high quality canned albacore, canned

sardines, and high quality troll salmon sold in catalogs. Regional economic impact

coefficients for these product forms can be seen by selecting the button "Show me

regional impact tables." The regional impact table shows species in the left-most

column, product forms in the next colunm to the right, and the impact of those product

forms to Newport, Astoria, and the state of Oregon as a whole. Included in the product

form table is the base impact of each species. The base impact is titled "base" and

represent the impact those species types have on each region currently. For example,

albacore landed and processed in Newport currently generates an impact of slightly

more than $1.33 per pound after it has been landed and processed. If albacore landed

in Newport were to be used for sashimi, it would generate an impact of over $2.15 per

pound after it has been landed and processed, meaning that sashimi grade albacore

would contribute an additional $0.82 per pound to the Newport regional economy if it

were to processed in Newport. The impact of various product forms would be found

by multiplying the quantity of pounds landed that are devoted to each product type by

the corresponding impact coefficient.

Because users might be interested in the cost of trucking frozen inventory between the

coast and cold stores located elsewhere, cost estimates are provided for trucking

between Astoria and Forest Grove and Newport and Albany. These locations are

shown because Forest Grove and Albany are the closest communities to Astoria and

Newport that have cold stores. The cost of transporting inventory is included in the

model because some have argued that a cold store on the coast would eliminate the

cost of round-trip trucking to and from the Valley, making year-round processing on

the coast easier. These cost estimates are based on the assumption of a full truckload

with a 48-foot trailer and can be found by selecting the button "Show me trucking

cost" or selecting the tab "TRANSP[loctripcost]."



At this point most users of the model do not need to read any further. However, If

you wish to update the program with revised cost regressions or historic landings

information, continue reading the next section.

Updating the Program

Before updating the program, you will need to unhide several sheets that were hidden

to make running the model easier. Go to the "Format" pull down menu, select "Sheet"

and then select "Unhide". You will want to unhide the sheet titled "tool[base data]".

The model first estimates the baseline available fish landings from which storage

inputs and inventory are calculated. The base can be specific to Newport, Astoria, or

the state of Oregon. The landings data used in these base estimates are found in the

sheet "tool [base data]." In this sheet there are several sets of tables. The first table to

the left shows species-specific landings for the state of Oregon. This table is not used

explicitly in the model, but it can be useful from a reference standpoint. The next set

of tables to the right shows the landings data for each region. The mean and standard

deviation are used in the simulation model. The model uses the distribution of average

landings over a year in determining how species will be landed to various regions. The

standard deviation is used in capturing a range of uncertainty in the model. In the

future it is likely that fisheries along the coast will change due to changes in fish

biomass, regulations, and number participants in the fisheries for example. As the

landings change, one may wish to update the monthly average landings and

accompanying standard deviation.

The next pieces of the model that may need to be updated in the future are the cost

predictions for cold storage structure and energy demand. Calculations of facility

specifications and cost, most of which were discussed previously, are carried out

almost entirely in the sheet "financial detail." However, several cost submodels are

embedded in this sheet that were not described in previous sections. These models use

size and temperature as explanatory variables. The cost of a cold storage box in 2003
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dollars is calculated with a log-linear spline regression model. The "knot" in

estimated cost in this spline model occurs at _200 Fahrenheit. Costs change slightly at

temperatures higher than 20°, but costs increase more significantly at temperatures

below -20°. This model (solved for cost per cubic foot) is shown below and is found in

cell 139 on the "financial detail" sheet.

If Temp <-20°Fahrenheit then;

Cost/Cube =

29.557 * ((Feet A 3) A 0.225) * ((Temp + 20) * 1) A 0.0532) * ((Temp * 1) A 0.0316)

IfTemp<or=-1 and>-21 then;

Cost/Cube = 29.557 *((Feet A 3) A _0.225)* ((Temp * 1) A 0.0316)

The range of lower and upper bounds is estimated with forecast intervals that are

estimated as

139 +1- (standard error*tcritica1 value), in this case:

Lower Range Predicted Cost/Cube - (2.06*0.226)

Upper Range Predicted Cost/Cube + (2.06*0.226)

The cost of refrigeration per square foot in 2003 dollars is calculated with a linear-log

regression model. The model is shown below and is found in cell 140.

Cost/Square 63.32 * ((FT A 2) A 0.2875) * ((Temp * 1) A 0.477)

The range of lower and upper bounds is estimated with forecast intervals that are

estimated as

140 +1- (standard error*tcritical value), in this case:



Lower Range Predicted Cost/Square - (2.08*0.1463)

Upper Range = Predicted Cost/Square + (2.06*0.1463)

The cost per cubic foot in 2003 dollars of sprinkler, foundation, and racking is

estimated as a function of cubic feet and is described as log-linear model. The model

is shown below and is found in cell 141.

Cost/Cube = 6.87 *((FT A 3) A _0.202)* ((Temp * 1) A 0.143)

The range of lower and upper bounds is estimated with forecast intervals that are

estimated as

141 +1- (standard error*tcritical value), in this case:

Lower Range = Predicted Cost/Cube - (2.086*0.255)

Upper Range = Predicted Cost/Cube + (2.086*0.255)

Annual energy demand is estimated in kWh per cubic foot and is described as a log-

linear model. The model is shown below and is found in cell G65

kWhlCube 883.72*((FT'3)A_0.615)*(ç[emp*_l)Ao.518)

In the case of energy, upper and lower bounds were not estimated due to the high

accuracy of the original model. This high accuracy means the upper and lower bounds

would deviate little from the original prediction.

These same functions are employed in the analysis of the two stage and two room

development/construction options. The two stage analysis uses the functions to

describe cost of the first stage of development. The second stage cost uses the same

functions and adds an additional fifteen percent to account for additional construction
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of cold store box area, and an additional ten percent to stage two refrigeration cost

estimation.

The two room analysis uses the functions described and adds an additional fifteen

percent to box cost to account for an additional wall separating the two rooms.

Refrigeration cost estimation employs the refrigeration model twice to estimate the

cost of constructing two sets of refrigeration equipment.

The rest of the model is largely a series of calculations used to condense the

information into a format describing the final results. Therefore, it is not

recommended that other portions of the model be edited.
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