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AN EXAMINATION OF ALTERNATIVE INVESTMENT 
STRATEGIES FOR POTATO MARKET IMPROVEMENT FUNDS 

Raymond J. Nowak and Alan S. Kezis* 

INTRODUCTION 

The commercial production and marketing of potatoes is an important 

agricultural industry in Maine. Potato production in Maine averaged 

26.8 million hundredweight (cwt.) in the period 1975-1980. During the 

period 1977-1979, cash receipts at the farm level for potatoes accounted 

for over 65 percent of the cash receipts from farm marketings of all 

crops in Maine. In the same period, potatoes accounted for an annual 

average of 23 percent of the total cash receipts from all farm market

ings in Maine as compared with 25, 21, 17, 3 and 2 percent for eggs, 

broilers, milk, apples and blueberries, respectively. Total cash 

receipts from all farm marketings in Maine were over $410 million in 

each of these years (Maine Agricultural Statistics, 1980). 

The potato industry is particularly important in Aroostook County 

where 95 percent of the state's crop is grown. In addition to the 

farming sector, much of the other economic activity in this region is 

closely linked to and thus dependent on the vitality of the potato 

industry. Well suited to the production of potatoes (Solanum tuberosum 

L.) due to climate and soil conditions, this area of northern Maine has 

long been a major supplier of fresh (tablestock) potatoes to terminal 

produce markets in northeastern, southeastern and to a lesser extent, 

midwestern U.S. cities and towns. The industry also includes several 

processing plants in Aroostook County where potatoes are processed into 

frozen and dehydrated products and a starch manufacturing facility. In 

addition, about one-third of Maine's crop is marketed to "nonfall" pro

ducing states as certified seed, providing these areas farther south 

with seed from a cooler climate where growing and storage conditions 

result in more vigorous seed. A small portion of the crop is shipped to 

potato chip manufacturers located near population centers in Maine and 

the Northeast. 

*Former Graduate Research Assistant and Associate Professor, respec
tively, Department of Agricultural and Resource Economics, University 
of Maine at Orono. 
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Maine, as the oldest and once the leading potato producing region 

in the U.S., has experienced significant net decreases in U.S. market 

share in the last 20 years. Major factors influencing these trends 

include dramatic changes in national potato production patterns and 

shifts in the composition of demand for potatoes in the U.S. These 

losses have resulted in declining total revenues for producers, ship

pers, dealers and the associated agribusiness and service sectors. 

Amidst rising production and finance costs, increased competition and a 

struggle to regain its quality image in U.S. markets, the industry in 

the early 1980's faces significant challenges related to all aspects of 

the industry as it attempts to regain lost markets, find new markets, 

and increase overall profitability. A healthy potato industry is vital 

to the economic stability of northern Maine. 

Concerned with meeting these challenges on an industry-wide basis, 

James Putnam of Farm Credit Service conducted a study in 1980 to review 

national and industry trends and identify specific problem areas that 

contributed to Maine's declining market position. In Aroostook County, 

Maine Potato Industry Study, these trends and concerns were discussed 

and illustrated with respect to the Maine potato industry, U.S. and 

world markets, and production and marketing practices of Maine's major 

competitors, the other fall-producing regions in the U.S. including 

Idaho, Washington, Oregon, the Red River Valley (Minnesota/North 

Dakota), Wisconsin, Michigan and Long Island, N.Y.I 

This study contained conclusions and recommendations in the form of 

suggested industry priorities and highlighted specific areas of concern 

to the industry in Maine that included: particular farm management 

problems such as soil erosion and adequate temperature and humidity 

control in storages; inspection procedures; promotional efforts; and 

alternative marketing structures that would provide for workable corn-

Other areas that compete with Maine directly and indirectly include 
Upstate New York, Pennsylvania, California, the Connecticut Valley and 
Rhode Island in the U.S. and the Maritime Provinces of Prince Edward 
Island and New Brunswick. These areas, in particular the U.S. regions, 
are small, somewhat specialized in production and marketing, and in 
competition with Maine on a local and/or seasonal basis. 
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petition and an improved flow of marketing information. As a comprehen

sive review of industry concerns, this report provided a springboard for 

additional long range planning efforts. 

In March 1982, the Maine Potato Industry Long Range Plan, 1982-1986 

was released. Eight subcommittees of the Long Range Planning Committee 

were formed to address previously identified critical areas for the 

industry including financing, seed and variety development, agricultural 

practices, harvesting, storage, marketing/product specification, 

transportation and processing. The plan contains status reports, long 

term industry objectives and implementation plans in these areas.2 

Concurrently, specific guidelines and the necessary administrative 

framework were being prepared for the implementation of the Potato Mar

ket Improvement Fund (PMIF) project. Created by the 110th Legislature 

and funded by the people of Maine when they authorized the State in Nov

ember 1981 to issue $5 million of general obligation bonds to capitalize 

the PMIF. this project is intended to "provide the statutory framework 

and initial funding to begin programs for improved marketing systems, 

including modernization, construction and operation of storage and 

centralized packing facilities for potatoes." In recognition of the 

importance of this agricultural enterprise to the economies of Maine and 

Aroostook County, the legislation also states: "the legislature finds 

that a strengthened potato industry will benefit the entire economy and 

promote improvement and stabilization in the use of our agricultural 

resources for the benefit of the people of the state" (7 M.R.S.A. § 

971). 

To achieve PMIF objectives an implementation plan was prepared by 

members of the staffs of the Maine Department of Agriculture, Food and 

Rural Resources (MDAFRR) and the Maine Development Foundation (MDF), a 

private consultant working with the MDAFRR, the Maine Potato Market 

20f particular interest here the plan states: "An up-to-date census of 
storages is required to quantify industry needs to upgrade existing 
storages and to construct new storages" (LRP, 1982). 

3 
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Improvement Committee^ and various industry officials and research orga

nizations. Four separate loan programs were developed to implement the 

overall PMIF. These were to be capable of addressing the wide variety 

of needs and great potential differences in size and dollar requirements 

of individual projects (MDAFRR, 1983). In other words, it was envi

sioned that projects would vary significantly in scope and include 

retrofitting existing storages with through-ventilation systems and/or 

sprout inhibitor equipment, the construction of new storage facilities 

on farms and at trackside and, the construction of new central packing 

facilities with storage capacity. Each loan program was thus designed 

to meet specific industry goals.4 The four loan programs are (1) the 

New Facilities Fund, (2) the Facilities Improvement Fund, (3) the 

Storage Retrofit Fund, and (4) the Sprout Inhibitor Fund. 

The financial core of the PMIF is $5 million credited to the Fund 

from the issuance of state general obligation bonds. Additional credit 

and grants, especially for larger projects, will come from a variety of 

sources. Principal sources include (1) Farm Credit Service, (2) commer

cial banks, (3) Small Business Administration (SBA 503 Program), (4) 

Urban Development Action Grants (UDAG), and (5) Community Development 

Block Grants (CDBG). 

The primary objective of this study was to implement PMIF policy 

objectives and industry goals, using current production, storage, and 

packing operation data, to suggest alternative investment strategies for 

PMIF dollars. 

This committee is comprised of representatives of various segments of 
the potato industry in Maine including growers, packers, shippers, 
extension specialists, university researchers, and public and private 
finance organizations. The formation of the committee was stipulated 
by the legislation for the purpose of guiding the development of the 
necessary administrative framework and implementation plans for the 
PMIF. 

In the model presented in this chapter, the specific relationships and 
linkages among projects with respect to meeting industry goals are 
explicitly noted and in fact, are an integral component in the model. 
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Methodology 

In order to determilne optimal implementation of PMIF policy and 

industry goals, a linear programming model was developed to examine 

various investment strategies. 

The four loan programs and the goals of the industry with respect 

to central packing and storage operations were considered as the primary 

factors involved. Thus, the decision variables in this model are the 

four investment categories by sub-state areaS or: 

1. The construction of new central packing facilities in 

Areas 1 through 7;6 

2. The construction of new storage capacity in Areas 1 

through 7; 

3. Retrofitting existing storages with through-ventilation 

and humidification equipment in Areas 1 through 7; and 

4. Sprout inhibitor equipment in Areas 1 through 7. 

Industry Goals in the Model 

Industry goals modeled are of two types. The first and more basic 

holds that certain areas of the state, given their relative contribution 

to total packing and storage capacities, are deficient in at least some 

of the areas targeted for investment. Thus, a baseline goal of bringing 

all areas up to the level of the "best" area in each investment cate

gory was established. For example, if existing total packing capacity 

(expressed in truckloads of daily output capacity) in Area 1 is 43 per

cent of existing total packing capacity in Area 2, and Area 2 has the 

highest percent of its total packing capacity in central packing lines,6 

then as a minimum goal, central packing capacity in Area 1 should be 43 

percent of the central packing capacity in Area 2. 

5The areas used in the model correspond to those shown in Appendix A. 
Area 1 = the St. John Valley, 2 = North Central Aroostook, 3 South 
Central Aroostook, 4 Southern Aroostook, 5 Downeast, 6 Central 
Maine, and 7 = Western Maine. 

6Central packing capacity is defined as packing capacity in lines with 
the ability to pack at least three truckloads per day. 

5 
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Two assumptions made in the model should be noted here. This for

mulation assumes that (1) the current distribution of total packing 

capacity will not be altered, and (2) that the desirable type of packing 

operations or central packing capacity can be objectively defined and 

implemented in the model. Reasons for encouraging movements toward this 

type of market structure were outlined earlier in this study as were the 

criteria used for defining central packing in the formulation of this 

problem. 

Baseline or area equalization storage goals are similarly expressed 

as ratios based on total storage capacities in the new-storage and 

retrofitted-storage sections of the model. This first type of goal 

implemented in the model ensures, that as a minimum, deficient areas 

should be brought up to the levels of the "best" areas in the selected 

investment categories. 

In addition to these baseline goals, industry goals in the four 

investment categories were expressed as percentages which could be 

altered to determine the effects of a variety of combination of goals 

among alternative investment strategies. For example, the industry's 

goal with respect to central packing can be stated as follows: At least 

40 percent of the total packing capacity in all lines in Maine should be 

in operations that have the ability to pack at least three truckloads 

per day. 

Likewise, storage goals may be stated as (1) at least 50 percent of 

the total storage capacity in the state should be in storages that are 

less than 12 years old and (2) at least 70 percent of the total storage 

capacity should have through-ventilation and humidification equipment, 

The sprout inhibitor goals are based on the area's relative contribution 

to the total number of storages in the state which hold potatoes that 

are primarily for the fresh market. Data for each of the criteria 

selected were reported in the census and thus provided an assessment of 

current performance in all the investment categories except sprout inhi

bitor application equipment. This allocation was held constant as a 

percentage of the total investment made in all runs of the model. 

Thus, in summary of the criteria used to represent industry goals 

and policy objectives we have: 
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For central packing: to increase the percent of total packing 

capacity in lines with the ability to pack at least three truckloads per 

day (including central storage with new central packing). 

For new storage: to increase the percent of total storage capacity 

that would be less than 12 years old. (It should be noted here that 

over the time period in which loans will be made, the number of storages 

and storage capacity in this category will decline. Thus, in fact more 

new storage capacity would have to be constructed to maintain this per

centage goal over time.) Existing conditions with respect to this cri

terion were obtained in the census. 

For retrofitted storage: to increase the percentage of total 

storage capacity that has through-ventilation systems. Again, existing 

conditions were based on census data. 

For sprout inhibitor equipment: a fixed allocation (expressed as a 

percent of total dollars) spent in each area according to the area's 

contribution to the tablestock or fresh market as determined by the pri

mary market channel of potatoes in storage. Total investment in this 

category is a fixed percent (250 of the total investment made. 

Cost Parameters 

Cost parameters in the model were chosen on the basis of infor

mation supplied by Maine Cooperative Extension Service economists and 

engineers, consultation with private construction firms in Maine, and 

the costs of recently constructed central packing and storage facili

ties in Maine. Costs for investment "activities" are summarized below: 

Central packing. The cost of constructing a central packing faci

lity with the required output capacity and accompanying storage was 

estimated at $125,000.00 per truckload of daily output capacity. As an 

example, a facility that could pack five truckloads per day would cost 

$625,000.00. 

Based on the relationship of 30,000 cwt. of storage capacity per 

truckload of daily output capacity, a five truckload per day line would 

be accompanied by 150,000 cwt. of storage capacity. This would provide 

for slightly less than one-half of the total seasonal raw product 

requirements of such a facility. Less than one-fourth of the total cost 

of a central packing facility is estimated to be for the service area 

7 
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and actual packing operation. Costs per unit of storage in a central 

packing f a c i l i t y , when costs of the service area and packing line 

equipment are included, are $4.17 per cwt. 

New storage. Costs used in the model for new storage (with 

through-vent i lat ion and humidif icat ion equipment) were $3.50 per cwt. of 

storage capacity. An 80,000 cwt. capacity storage would thus cost 

$280,000.00. 

Re t ro f i t t i ng storage. An average of $.12 per cwt. of storage capa

c i t y was used which would provide exis t ing storage capacity with 

through-venti lated and/or humidif icat ion equipment. 

Sprout inhibitor equipment. The costs for th is equipment were 

determined for the state and by areas as a percent of to ta l minimum 

costs. Thus, the number of storages r e t r o f i t t e d with sprout inhibitor 

-u ipment can be determined by div id ing the area or state costs for 

sprout i nh ib i to r equipment by $3,000 (estimated costs of re t ro f i t t i ng a 

packing l ine/storage with adequate sprout inh ib i to r equipment). 

Variable names, def in i t ions and units of measure used in the model 

are presented in Table 1 below. 

Equations, as noted ea r l i e r , serve a number of purposes in any 

mathematical model. The equations in the model presented here: 

1 . Allow for input of raw data in the model (exist ing conditions 

by area and cost parameters). 

2. Express relat ionships among investment categories and areas, 

including area equalization goals, as ra t ios . 

3. Allow for accounting of state t o ta l s , costs by investment cate

gory, and to ta l costs by area and for the state. 

The object ive function used in the model is thus: 

Minimize to ta l cost $L0AN.8 ($125,000.00) NCPK.l + 

($125,000.00) NCPK.2 + + ($125,000.00) NCPK.7 + 

($3,500.00) NSTR.l + ($3,500.00) NSTR.2 + + 

($3,500.00) NSTR.7 + ($120.00) NVSTR.l + ($120.00) NVSTR.2 + 

+ ($120.00) NVSTR.7 + $SPR.l + $SPR.2 + $SPR.7 

The equations used in the model formed a matrix with 135 rows and 

269 variables ( including a r t i f i c i a l var iables) . The ent i re matrix for 

the model is presented in Appendix B. The equations for one area (Area 

1) using the variable names presented above are shown below: 
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*Equation representing area equalization goals and area allocations. 
••Equations representing state goals for investment categories. 
***Total costs required per investment alternative for Area 1. 

9 

Central pack ing: 

CPK.l SCPK.l + NCPK.l (1) 
XCPK.l 7.0 (2) 

* CPK.l (.43) CPK.2 (3) 
CPK.8 CPK.l + CPK.2 + ... + CPK.7 (4) 

TPK.8 CPK.8 + DCPK.8 (5) 
DCPK.8 668.0 (6) 

** CPK.8 (.40) RPK.8 (7) 

New (modern) storage: 

CST0R.1 (30.0) NCPK.l (8) 
MSTR.l CST0R.1 + XMSTR.l + NSTR.l (9) 
XMSTR.l 1,107.0 (10) 

MSTR.l (.54) MSTR.3 (11) 

MSTR.8 MSTR.l + MSTR.2 +...•• MSTR.7 (12) 

TSTR.8 MSTR.8 + 0XSTR.8 (13) 

0XSTR.8 = 24,327.0 (14) 

** MSTR.8 - (.50) TSTR.8 (15) 

Storage retr ofit: 

VSTR.l = CST0R.1 + NSTR.l + XVSTR.l + NSVTR.l (16) 

XVSTR.l 276.0 (17) 

* VSTR.l (.54) VSTR.3 (18) 

VSTR.8 VSTR.l + VSTR.2 + ... + VSTR.7 (19) 

VSTR.8 (.70) TSTR.8 (20) 

Costs in Are a 1: 

SNCPK.l (125,000.00) NCPK.l (21) 

SNSTR.l (3,500.00) NSTR.l (22) 

SNVSTR.l (120.00) NVSTR.l (23) 

SSPR.8 (.16) SSPR.8 (24) 

SSPR.8 (.02) SLOAN.8 (25) 

*** SLOAN.1 SNCPK.l •• SNSTR.l + NVSTR.l + SSPR.l (26) 



Var i ab le Name Un i t of Measure D e f i n i t i o n 

CPK. l , CPK.2 CPK.8 Truck loads of D a i l y 
Output Capac i t y 

"Cent ra l pack inq" capac i t y in areas 1 through 7 s ta te 
t o t a l (CPK.8) 

XCPK.l, SCPK.2, . . . , XCPK.8 E x i s t i n g c e n t r a l packing 

NCPK.l, NCPK.2, . . , NCPK.8 New c e n t r a l packing capac i t y requ i red 

TPK.8 To ta l packing capac i t y f o r s ta te 

DCPK.8 E x i s t i n g packing capac i t y in l i nes able to pack less 
than 3 t r u c k l o a d s per day f o r s ta te 

CSTOR.l CSTOR.2, . . . , CST0R.8 1 000 Cwt Storage b u i l t w i t h new cen t ra l packing capac i ty 

MSTR.l, MSTR.2, . . . , MSTR.8 "Modern" s to rage c a p a c i t y (< 12 years) 

XMSTR.l , XHSTR.2, . . . , XMSTR.8 E x i s t i n g modern s torage capac i t y 

n s t r . l , NSTR.2, . . . , NSTR.8 New s to rage c a p a c i t y r e q u i r e d 

TSTR.8 To ta l s to rage c a p a c i t y i n s t a t e 

0XSTR.8 E x i s t i n g s torage capac i t y equal t o or greater than 12 
years o l d f o r s t a t e 

VSTR.l , V5TR.2, . . , VSTR.8 " T h r o u g h - v e n t i l a t e d " s to rage capac i t y 

XVSTR.l XVSTR.2, . . . XVSTR.8 E x i s t i n g t h r o u g h - v e n t i l a t e d s torage 

SNCPK.l $NCPK.2, . . , SNCPK.8 Do l l a r s Cost of new c e n t r a l packing c a p a c i t y by area and f o r 
s t a t e (SNCPK.8) 

SNSTR.I SNSTR.2, . . . NSTR.8 Costs of new s torage capac i t y 

SNVSTR.I , SNVSTR.2 . . . . SNV5TR.8 Costs of r e t r o f i t t e d s torage improvement p r o j e c t s 

SSPR.l , ISPR.2, . . , SSPR.8 Costs of sprout i n h i b i t o r equipment 

SLOAN. i SLOAN.2, . . . SLOAN.8 Costs f o r a l l investment " a c t i v i t i e s " by area and s t a t e 
(SLOAN.8) 

TABLE 1 

Decision Variables. Units of Measure and Definitions Used in the PMIF Investment Strategy Model 
M
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Equation (1) defines the amount of central packing capacity as 

existing central packing capacity plus new central packing capacity (to 

be solved for) required to meet area equalization and state goals. 

Equation (2) expresses existing central packing capacity in Area 1 

truckloads of daily output capacity. Equation (3) expresses area 

equalization goals for central packing capacity Area 2 is the "best" 

area in this category and has more than double the total (existing) 

storage capacity. Central packing, in truckloads of daily output capa

city, is defined for the state by summing all areas in equation (4). 

Total packing capacity for the state is defined in equation (5) as 

central packing capacity, existing and new, plus existing packing capa

city in smaller lines (less than three truckloads/day). This latter 

value is entered as input in equation (6). Equation (7) expresses the 

state goals for central packing here, central packing capacity must be 

at least 40 percent of the total packing capacity in the state. 

Equation (8) calculates "central storage" 30,000 cwt./truckload 

of new central packing capacity. Central storage, plus existing modern 

storage (< 12 years old) plus new storage (to be solved for) is set 

equal to total "modern" storage in equation (9). Existing modern 

storage capacity is entered as input in equation (10). Equation (11) 

expresses area equalization goals for modern storage Area 3 is the 

"best" area in this category and has slightly less than twice as much 

(existing) storage capacity as Area 1. Equation (12) sums the total 

modern storage capacity for the state, which is added to all other 

storage capacity (existing * 12 years old) and set equal to total 

storage capacity for the state in equation (13). "Older" existing 

storage capacity is entered as input in equation (14). Equation (15) 

expresses the state goals for modern storage here, modern storage 

capacity must be at least 50 percent of total storage capacity in the 

state. 

In equation (16) through-ventilated storage capacity is defined as 

central storage capacity (which will have this technology) plus new 

storage built with PMIF funds (which will have this technology) plus 

existing storage capacity that has through-ventilated systems plus 

retrofitted storage capacity (to be solved for). In equation (17) 

11 
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existing through-ventilated storage capacity is entered as input. 

Equation (18) expresses area equalization goals for through ventilated 

storage capacity Area 3 is the "best" area in this category and as 

stated above, has slightly less than twice as much existing storage 

capacity as Area 1. Equation (19) sums the total through-ventilated 

storage capacity for the state which is used in expressing the state 

goals in this category per investment strategy in equation (20) here, 

at least 70 percent of the total storage capacity in the state must have 

through-ventilation and humidification. 

Equations (21) (23) simply represent the computation of costs for 

each loan category in Area 1 per investment strategy. 

Equation (24) represents the relative contribution of Area 1 to the 

total number of storages in the state which were reported to store pota

toes that were primarily for the tablestock market thus, Area 1 should 

receive 16 percent of all funds allocated to the sprout inhibitor 

program. This total amount is to be two percent of the total cost of 

any investment strategy and is defined as such in equation (25). 

Equation (26) sums the costs for each investment category and computes 

the total costs of improvements required to meet the goals for a 

selected investment strategy. In the overall model, as shown in the 

matrix in Appendix B, the costs for each loan category for the state and 

the total state costs for an investment strategy are determined by 

summing the appropriate variables. 

MODEL RESULTS 

The solution procedure and results of the PMIF policy model are 

presented in this section. First, capacity levels (goals) and minimum 

costs for five investment strategies will be discussed for the three 

major investment categories central packing, modern storage and 

through-ventilated storage. Next, goal attainment levels of capacity 

are discussed with respect to existing capacities rather than total 

cumulative capacities as arrived at in the model. Finally, capacity 

levels and costs are presented by sub-state area for two investment 

strategies. 

12 
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The Solution Procedure 

The solution to a simple linear programming problem can be arrived 

at graphically, but most problems in the real world are too complex to 

make use of this method. Systematic mathematical procedures have been 

developed to solve these larger and more complex problems. The most 

popular is the simplex method of linear programming developed by George 

B. Dantzig in 1947 and subsequently further refined by other contribu

tors. The simplex method is based on matrix algebra. The set of 

simultaneous equations comprising the problem matrix is solved by syste

matically inverting the matrix, following some basic mathematical rules 

that are represented in the simplex algorithm. 

Though seemingly quite complex, this procedure is simply an itera

tive approach wherein for a cost minimization problem, the last optimum 

solution arrived at yields a minimum total cost that is less than the 

cost of the previous solution. In other words, an optimum solution is 

arrived at by groping toward the lowest possible cost while still 

meeting all the conditions and limitations expressed in the constraints 

and the objective function. 

For most linear programming problems, a computer programming 

package that contains the mathematical algorithm is used. A standard 

package employing the simplex algorithm is the IBM Linear Programming 

System/360. LPS/360 solves linear programming problems using the 

iterative approach described above. Equations are entered as a data set 

in a specified format and run on an operating system with the 

programming package either on tape or disk. Standard post-optimal ana

lyses, data maintenance procedures and Fortran error messages are 

available in the IBM LPS/360 package. The results presented in this 

section were arrived at using the IBM LPS/360 application program. 

PMIF Model Results 

The base line or area equalization investment strategy (AEQ) is, as 

noted earlier, defined as the minimum investment required to bring all 

13 
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areas up to the level of the best area in the three major investment 

categories. Also, as noted in the previous sect ion, other alternative 

investment strategies are defined as selected combinations or variations 

in speci f ic industry-wide goals expressed as a percent of to ta l capaci

t ies in the investment categories of central packing, modern storage and 

through-venti lated storage. Total costs for the sprout inh ib i tor equip

ment category were arrived at based on a specif ied percentage of total 

costs while area al locations in th is category were based on the area's 

re la t i ve share of the tablestock market. 

As an aid in the presentation of resul ts in table form and for 

discussion purposes, the fol lowing abbreviations and numbering system 

were chosen: 

Alternative Explanation 

CS Current status 

AEQ Area equalization strategy 

I I 40% in central packing 

50% in modern storage 

60% in through-venti lated storage 

I I I 50% in central packing 

50% in modern storage 

60% in through-venti lated storage 

IV 50% in central packing 

60% in modern storage 

60% in through-venti lated storage 

V 60% in central packing 

60% in modern storage 

60% in through-venti lated storage 

Capacity Levels and Costs: Central Packing 

For Investment Strategy AEQ, a l l industry-wide goals were set equal 

to zero as a lower l i m i t . Thus, the minimum to ta l cost of $21,700 

thousand is the cost of achieving, as a minimum, area equalization goals 

expressed as rat ios in the model. New central packing capacity required 

to achieve these goals was 57 truckloads of da i ly output capacity. This 

increased to ta l central packing capacity to 223 truckloads of dai ly out-

14 
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put capacity and to ta l cumulative packing capacity7 to 891 truckloads 

per day. Thus, the $7,103 thousand invested in central packing 

increased the percent of to ta l cumulative packing capacity in the State 

in l ines that had the a b i l i t y to pack at least three truckloads per day 

from 20 (ex is t ing) to 25 percent (Table 2) . This cost, as noted 

ear l i e r , includes the cost of central storage.8 

Investment Strategy I I , with a minimum industry-wide goal of 40 

percent of to ta l packing capacity in central packing l ines, required an 

investment of $34,917 thousand which would bui ld 279 truckloads of dai ly 

output capacity in new f a c i l i t i e s . This increased central packing 

capacity and to ta l cumulative packing capacity to 445 and 1,113 

truckloads of dai ly output capacity, respectively (Table 2) . 

Investment Strategy I I I yielded a cost for a new central packing 

capacity of $62,750 thousand which would bui ld 502 truckloads of dai ly 

output capacity with central storage. Central packing capacity for 

th is strategy would thus be 668 truckloads of dai ly output or 50 percent 

of the to ta l cumulative packing capacity in the state. Investment 

Strategy IV yielded the same levels and costs for central packing as 

I I I , as industry-wide goals for central packing were the same in both 

strategies (Table 2) . 

' I n th is section and in the model, to ta l packing/storage capacity levels 
are a cumulative number. The assumption is made here that new packing/ 
storage capacity is not replacing but merely adding to exist ing tota l 
packing/storage capacity. Later in th is chapter, central packing capa
c i t y , modern storage capacity and through-venti lated storage capacity 
w i l l be presented as a percent of exist ing capacity. This la t te r view 
assumes that new packing and storage is f u l l y replacing the equivalent 
exist ing capacity in respective categories. Each view represents an 
extreme and in practice something in between the two seems to be more 
appropriate. The portion of capacity levels actual ly replaced w i l l 
also l i ke l y be d i f ferent for packing and storage capacity levels. 
Additional comments on th is topic appear la ter in th is chapter 

^Central storage capacity levels are presented later in the section on 
the results for sub-state areas. 
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TABLE 2 

State Total Packing, Central Packingl and New Central Packing Capacities 
and Minimum New Central Packing Costs2 by Investment Strategy 

^•Central storage figures are presented in Tables 7 and 8 for selectee 
investment strategies. 

'Includes cost of accompanying storage capacity. 

Investment Strategy 
Investment Cateqory CS AEQ I I I I I [V V 

Truckloads of Dai ly Output Capacity 

Total Packing Capacity 825 891 1,113 1,336 1 ,336 1,670 

Central Packing Capacity 166 223 445 668 668 1,002 

Central Packing Capacity 
as a Percent of Cumulative 
Total Packing Capacity 

20 25 40 50 50 60 

New Central Packing 
Capacity Required to Meet 
Minimum State Goals 

-- 57 279 502 502 836 

1,000 Dollars 

Minimum New Central 
Packing Capacity Costs* . . 7,103 34,917 62,750 62 ,750 104,500 
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Strategy V, the most ambitious, yielded a cost for new central 

packing of $104,500 thousand. The 836 truckloads of new dai ly output 

capacity would double exist ing to ta l capacity and increase central 

packing capacity to 1,002 truckloads of dai ly output or 60 percent of 

the to ta l cumulative capacity in the state (Table 2). 

Capacity Levels and Costs: Modern Storage 

The costs of new storage required to meet the area equalization 

goals, Strategy AEQ, were $12,937 thousand which would bui ld 3,696 

thousand cwt. of new storage. This new storage capacity would increase 

modern storage capacity to 13,032 thousand cwt. or 35 percent of the 

tota l cumulative storage capacity (Table 3). 

When minimum industry-wide goals in th is category were set equal 

to 50 percent in Strategy I I modern storage capacity increased to 24,599 

thousand cwt. New storage capacity required to meet th is goal was 8,588 

thousand cwt. and cost $30,058 thousand (Table 3) . 

Strategy I I I resulted in 28,285 thousand cwt. of modern storage 

capacity or 53 percent of the to ta l cumulative storage capacity. For 

th is strategy, the minimum goal was set equal to 50 percent, as in 

Strategy I I , but the 10 percent increase (from 40 to 50 percent) in 

central packing capacity and thus central storage, increased the 

amount of storage capacity in th is categoy. In fac t , costs for new 

storage for th is strategy were only $19,580 thousand. New storage capa

c i t y required for Strategy I I I was 5,594 thousand cwt. (Table 3). 

Costs for new storage to meet industry-wide goals in Strategy IV 

were $49,726 thousand. For th is strategy, the 14,207 thousand cwt. of 

new storage increased modern storage capacity to 36,898 thousand cwt. or 

60 percent of the to ta l cumulative storage capacity (Table 3) . 

Strategy V resulted in an increase in modern storage capacity to 

40,274 thousand cwt. or 62 percent of the to ta l cumulative storage capa

c i t y . This was due to the 10 percent increase in minimum industry-wide 

goals in central packing and thus central storage, i l l u s t r a t i n g again 

the interrelatedness of the investment categories. The cost of 7,563 

thousand cwt. of new storage in Strategy V was $26,472 thousand (Table 

3). 
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Investment Investment Strategy 
Category CS AEQ I I I I I IV V 

Total Storage 
Capacity 32,265 37,631 

1,000 

49,198 

Cwt. 

52,884 61,497 64,893 

Modern Storage 
Capacity 7,611 13,032 24,599 28,285 36,898 40,274 

As a Percent of 
Cumulative Total 
Storage Capacity 

24 35 50 53 60 62 

New Storages-
Required to Meet 
Minimum State Goals 

-- 3,696 8,588 5,594 14,207 7,563 

Mimimum New Storage 
Costs1 12,937 

1,000 Dollars 

30,058 19,580 49,726 26,472 

*Does not include central storage bu i l t with central packing. 

Capacity Levels and Costs: Through-Ventilated Storage 

The costs of r e t r o f i t t e d storage required to meet area equalization 

and industry-wide goals remained the same for a l l investment strategies. 

Minimum goals in the central packing and modern storage categories 

resulted in addit ional storage capacity with through-venti lat ion that 

for a l l investment strategies resulted in a cost of $1,226 thousand for 

r e t r o f i t t e d storage. The 10,215 thousand cwt. of r e t r o f i t t e d storage 

18 
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TABLE 3 

State Total Storage, Modern Storage and New Storagel 
Capacities and Minimum New Storage Costs by 

Investment Strategy 
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required thus had a very small increasing effect on overall storage 

improvement for all combinations of goals in the three major investment 

categories (Table 4). 

In Strategy AEQ, through-ventilated storage capacity was increased 

to 59 percent of total cumulative capacity for the state, the percentage 

for Strategies II, III, IV, and V were 69, 71, 75, and 76 percent 

respectively (Table 4). 

Allocation of Costs by Category 

New storage costs were the highest among all three investment cate

gories in Strategy AEQ. For all other strategies, the costs of new 

central packing capacity (and central storage) were greater thaft 50 

percent of minimum total costs and thus were the highest among all 

investment categories. Retrofitted storage costs were six percent for 

Strategy AEQ and fell to two percent of minimum total costs or less for 

all other strategies. Sprout inhibitor equipment costs were two percent 

of minimum total costs for all investment strategies (Table 5). 

Existing vs. Cumulative Capacity Levels 

Thus far, resulting levels of central packing, modern storage and 

through-ventilated storage capacities have been discussed and presented 

as percentages of cumulative capacity levels. In other words, the 

assumption was made that no capacity was replaced. Table 6 presents 

the resulting levels of central packing, modern storage and through-

ventilated storage capacity levels as a percent of existing capacity 

levels. This latter supposition represents the other extreme of likely 

possibilities if the investment of PMIF dollars were based on these 

results. 

It is likely that proportionately more storage capacity than 

packing capacity would be replaced since many farmers will maintain 

their packing lines for seed packing. The packing of tablestock pota

toes, however, would likely occur at new packing facilities and thus, 

the utilized tablestock packing capacity may be more accurately 
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TABLE 4 

State Total Storage, Through-Ventilated Storage and Retrofitted 
Storage Capacities and Minimum Retrofitted Storage Costs 

by Investment Strategy 

TABLE 5 

Allocation of Total Costs Among Investment 
Categories by Investment Strategy 

20 

Investment Str ategy 
Investment Category AEQ I I I I I IV V 

Percent 

New Central Packing 33 52 74 54 77 

New Storage 59 44 23 43 20 

Ret ro f i t ted Storage 6 2 1 1 1 

Sprout Inh ib i tor Equi pment 2 2 2 2 _2 

Total 100 100 100 100 100 

Investment Investment Strategy 
Category CS AEQ 11 I I I IV V 

1,000 Cwt. 
Total Storage 
Capacity 32,265 37,631 49,198 52,884 51,497 64,893 

Through-ventilated 
Storage Capacity 6,530 22,146 33,713 37,399 46,013 49,389 

Through-ventilated 
Storage Capacity 
as a Percent of 
Cumulative Total 
Storage Capacity 

20 59 69 71 75 76 

Ret ro f i t ted Storage 
Capacity Required 
to Meet Minimum 
State Goals 

-- 10,215 10,215 10,215 10,215 10,215 

Minimum Retro f i t ted 
Storage Costs 1,226 

1,000 Dollars 

1,226 1,226 1,226 1,226 



Investment Strategy 
Investment Cateqory CS ACQ I I I I I IV V 

Central Packing 
Capacity as a 
Percent of 
Existing Total 
Packing Capacity 20 27 

Percent 

53 80 80 120 

Modern Storage 
Capacity as a 
Percent of 
Existing Total 
Storage Capacity* 24 40 76 88 114 125 

Through-ventilated 
Storage Capacity 
as a Percent of 
Existing Total 
Capacity 20 69 104 116 143 

1,000 Dollars 

153 

Minimum Total Cost -- 21,700 67,552 85,261 116,021 134,896 

^"Customary Capacity" 

expressed as a percent of existing capacity levels. 

Much of the new storage capacity will likely be an addition to 

available storage capacity. Utilization, however, would shift to the 

newer storages, including storage built with new central packing capa

city and thus the expansion of modern storage capacity as a percent of 

existing capacity may be more meaningful. 

Strategy AEQ resulted in levels of central packing, modern storage 

and through-ventilated storage capacity, as a percent of existing capa

city levels, equal to 27, 40 and 69 percent, respectively. Percentages 
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TABLE 6 

State Central Packing, Modern Storage and Through-Ventilated Storage 
Capacities as a Percent of Existing Capacities by Investment Strategy 
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of exist ing capacity levels in a l l categories were equal to or greater 

than 80 percent for Strategy I I I . For Strategy V , a l l percentages are 

greater than 100 percent of ex is t ing levels (Table 6) . 

Capacity Levels and Costs by Area for AEQ and I I I 9 

The St. John Valley required the largest amount of new central 

packing capacity to meet area equalization goals in Strategy AEQ. The 

28 truckloads of da i ly output capacity required in the St. John Valley 

for Strategy AEQ is substant ia l ly greater than the 16 and 13 truckloads 

of da i ly output capacity required in Southern Aroostook and South 

Central Aroostook, respect ively. This d i s t r i bu t ion of new central 

packing capacity resulted in new central storage of 848, 475 and 382 

thousand cwt. in the St. John Val ley, Southern Aroostook and South 

Central Aroostook, respect ively. New central packing levels in the 

Downeast, Central Maine and Western Maine areas were set equal to zero 

for a l l investment strategies (Table 7; Appendix A). 

The large amount of new central packing capacity, and hence central 

storage, required in the St. John Valley to meet central packing area 

equalization goals resulted in th is area not needing any new storage to 

meet modern storage area equalization goals. North Central Aroostook 

needed 1,748 thousand cwt. of new storage capacity for Strategy AEQ 

which was more than twice as much as South Central Aroostook which 

required 729 thousand cwt. New storage capacity in Southern Aroostook 

for strategy AEQ was 663 thousand cwt. New storage in Western Maine, 

Central Maine and Downeast was 335, 128 and 93 thousand cwt. respec

t i v e l y for Strategy AEQ (Table 7). 

Required r e t r o f i t t e d storage capacity levels were the highest in 

North Central Aroostook even though th is area had the highest level of 

new storage required which, as seen in the structure of the model, was 

'Capacity levels and costs by area for Investment Stragegies I I , IV and 
V are presented in tabular form in Appendix C. 
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Investment Strategy AEQ: New Central Packing, New Storage and 
Retrofitted Storage Capacities, New Sprout Inhibitor Equipment, and Costs by Area 

St. John 
Valley 

North 
Central 

Aroostook 

South 
Central 

Aroostook 
Southern 
Aroostook Downeast 

Central 
Maine 

Western 
Maine State 

INVESTMENT CATEGORY: 
New Central Pkg. Capacity 
(Tkds. of Daily Output) 
(1,000 Cwt. Central Storage) 

28 
848 

0 
0 

13 
382 

16 
475 

0 
0 

0 
0 

0 
0 

57 
1,705 

New Storage Capacity 
(1,000 Cwt.) 0 1,748 729 663 93 128 335 3,696 

Retrof i t ted Storage Capacity 
(1,000 Cwt.) 2,182 3,769 2,262 1,564 0 438 0 10,215 

Sprout Inhib i tor Equipment* 
(No. of packing l ines / 
storages) 23 50 30 31 1 4 3 142 

COSTS: 
New Central Pkg. Capacity 3,531 0 1,593 

- 1,000 Doll 

1,977 

ars -

0 0 0 7,103 

New Storage Capacity 0 6,119 2,551 2,321 324 449 1,173 12,937 

Retrof i t ted Storage Capacity 262 452 271 188 0 53 0 1,226 

Sprout Inhib i tor Equipment 69 153 91 95 4 13 9 434 

Total Costs 3,864 6,724 4,506 4,582 328 514 1,182 21,700 

^Calculated from minimum costs determined in the model ($3,000 per pkg. line/storage). 
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included in the equation for through-venti lated storage. Retrof i t ted 

storage capacity required in North Central Aroostook was 3,769 thousand 

cwt. South Central Aroostook, the St. John Valley and Southern 

Aroostook required 2,262, 2,182 and 1,564 thousand cwt. of re t ro f i t ted 

storage capacity respectively to meet area equalization goals in 

Strategy AEQ. The only other area requir ing r e t r o f i t t e d storage for 

th is strategy was Central Maine, which needed 438 thousand cwt. of 

r e t r o f i t t e d storage capacity (Table 7). 

Sprout inh ib i to r equipment requirements for Strategy AEQ (and all 

other strategies) in North Central Aroostook were based on th is area's 

r e l a t i ve l y large contr ibut ion to the tablestock market as determined by 

the previously mentioned c r i t e r i a . The 50 sprout inh ib i to r equipment 

packages required in North Central Aroostook were substant ia l ly greater 

than the 3 1 , 30 and 33 storages and/or packing l ines that would be 

r e t r o f i t t e d with th i s equipment in Southern Aroostook, South Central 

Aroostook and the St. John Val ley, respect ively. Other areas required 

very small amounts of sprout inh ib i to r equipment to meet area goals for 

Strategy AEQ (Table 7) . 

Minimum costs for Strategy AEQ in a l l investment categories were 

highest in North Central Aroostook where they were $6,724 thousand. 

Costs in Southern Aroostook, South Central Aroostook and the St. John 

Valley were $4,582 thousand, $4,506 thousand and $3,864 thousand, 

respect ively. Costs in Western Maine where no new central packing or 

r e t r o f i t t e d storage was required were $1,182 thousand. Costs for all 

investment categories were $514 thousand and $328 thousand in Central 

Maine and Downeast, respectively (Table 7). 

Expressed as a percent of minimum to ta l costs, Table 8 shows the 

a l locat ion of PMIF dol lars among a l l areas for strategies AEQ and I I I . 

North Central Aroostook was allocated 31 percent while Southern 

Aroostook and South Central Aroostook were each allocated about 21 per

cent of the minimum to ta l costs. The other Aroostook County area, the 

St. John Val ley, was allocated 18 percent of minimum to ta l costs for 

Strategy AEQ. Together, Aroostook County areas were allocated 91 per

cent of the to ta l investment required to meet area equalization goals. 

Western Maine, Central Maine and Downeast were allocated 5, 2 and 2 per

cent respectively of the minimum to ta l costs for Strategy AEQ (Table 8). 
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Strategy III, as shown in Table 6, resulted in capacity levels in 

the three major investment categories, expressed as a percent of 

existing capacity, equal to or greater than 80 percent. Thus, 

Investment Strategy III was chosen as the second strategy for which 

capacity levels and costs by sub-state area will be discussed in detail 

(Table 10). 

For Strategy III, North Central Aroostook required the most new 

central packing capacity 177 truckloads of daily output capacity. 

South Central Aroostook, Southern Aroostook and the St. John Valley 

TABLE 8 

Allocation of Total Costs by Area 
For Investment Strategies AEQ and III 

Investment Strategy 
Area AEQ Il'r 

Percent 

St. John Valley 18 16 

N.C. Aroostook 31 35 

S.C. Aroostook 21 28 

S. Aroostook 21 17 

Downeast 2 1 

C. Maine 2 3 

W. Maine 5 3 

Total 100 100 

required 114, 106 and 105 truckloads of dai ly output capacity, respec

t i v e l y , in central packing l ines to meet minimum industry-wide goals in 

a l l investment categories (Table 9). 

South Central Aroostook and North Central Aroostook required 1,923 

and 1,597 thousand cwt. , respect ively, which were substant ia l ly greater 

than the amount of new storage capacity required in a l l other areas. 

Southern Aroostook required 238 thousand cwt. of new storage while more 

was required in the St. John Valley. The amount of new storage capacity 

required in Central Maine, Western Maine and Downeast seems high 
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TABLE 9 

Investment Strategy III: New Central Packing, New Storage and 
Retrofitted Storage Capacities, New Sprout Inhibitor Equipment, and Costs by Area 

St. John 
Valley 

North 
Central 

Aroostook 

South 
Central 

Aroostook 
Southern 
Aroostook Downeast 

Central 
Maine 

Western 
Maine State 

INVESTMENT CATEGORY: 
New Central Pkg. Capacity 
(Tkds. of Daily Output) 
(1,000 Cwt. Central Storage) 

105 
3,136 

177 
5,321 

114 
3,415 

106 
3,188 

0 
0 

0 
0 

0 
0 

502 
15,060 

New Storage Capacity 
(1,000 Cwt.) 0 1,597 1,932 238 220 806 801 5,594 

Retrof i t ted Storage Capacity 
(1,000 Cwt.) 2,182 3,769 2,262 1,564 0 438 0 10,215 

Sprout Inhib i tor Equipment* 
(No. of Packing Lines/ 
Storages) 91 199 119 125 5 17 11 567 

COSTS: 
New Central Pkg. Capacity 13,066 22,170 14,230 

- 1,000 Doll 

13,284 

ars -

0 0 0 62,750 

New Storage Capacity 0 5,589 6,766 831 769 2,821 2,804 19,580 

Retrof i t ted Storage Capacity 262 452 271 188 0 53 0 1,226 

Sprout Inh ib i tor Equipment 273 597 358 375 17 51 34 1,705 

Total Costs 13,600 28,808 21,624 14,679 786 2,925 2,839 85,261 

1-Calculated f rom minimum costs determined i n the model ($3,000 per pkg. l i n e / s t o r a g e ) . 
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because no new central packing, and thus central storage, was in the 

solution for these three areas in Strategy III. The amount of new 

storage capacity in these three areas was 806, 801 and 220 thousand cwt. 

respectively (Table 9). 

Retrofitted storage capacity levels had the same area distribution 

as in Strategy AEQ. Retrofitted storage capacity for the State was the 

same for both Strategy AEQ and Strategy III. For sprout inhibitor 

equipment packages, the area distribution, as a percent of the total 

number of packages, remained the same as in Strategy AEQ while the total 

number of sprout inhibitor equipment packages was 567 compared with 142 

in Strategy AEQ (Table 9). 

The costs for all investment categories were again highest in North 

Central Aroostook which was allocated $28,808 thousand. South Central 

Aroostook's allocation was $21,624 thousand while Southern Aroostook and 

the St. John Valley were allocated $14,679 thousand and $13,600 

thousand, respectively, for Strategy III. Central Maine and Western 

Maine were allocated slightly less than $3,000 thousand while costs in 

the Downeast area were $786 thousand for all investment categories 

(Table 9). 

Expressed as a percent of minimum total costs for Strategy III, the 

allocation in North Central Aroostook represented 35 percent of the 

total. South Central Aroostook was allocated 28 percent while Southern 

Aroostook and the St. John Valley were allocated 17 and 16 percent of 

minimum total costs, respectively. Central Maine and Western Maine each 

received three percent and Downeast was allocated one percent of the 

minimum total costs for Strategy III (Table 5). 

SUMMARY AND CONCLUDING REMARKS 

Many of the current problems and concerns of the Maine potato 

industry can be traced to its marketing system. Following two decades 

of decline in market share in its fresh potato markets, and to a lesser 

extent, declines in the markets for processed potato products, commer

cial interests and agricultural research organizations in Maine continue 
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their efforts to explore alternative marketing structures and to 

suggest and encourage the adoption of state-of-the-art technologies and 

management practices. These adjustments would lead to a more efficient 

marketing system and substantial improvements in the overall quality of 

fresh potatoes and potato products leaving Maine shipping points 

throughout the marketing season. If success is achieved in these 

aspects growers and the associated agribusiness and service sectors in 

Maine would likely benefit from increased revenues and a stronger and 

more profitable potato industry in Maine. 

Previous studies and research reports have concluded that in order 

for the industry to countervail declining trends in market share, espe

cially in the fresh markets, substantial improvements in both physical 

facilities and in the management aspects of these facilities are needed 

in the areas of potato storage and packing. In particular, the Maine 

Potato Industry Long Range Plan, 1982-86 stated: "An up-to-date census 

of storages is required to quantify industry needs to upgrade existing 

storages and to construct new storages" (LRP, 1982). In addition, the 

plan identifies the need for an alternative approach to the current 

system of marketing Maine potatoes that would include larger, more 

centralized packing facilities. In response to these needs, the 110th 

Maine State Legislature provided the statutory framework for a publicly 

supported revolving loan program that was subsequently approved by Maine 

voters in November, 1981. Through the sale of general obligation bonds, 

the Potato Market Improvement Fund (PMIF) was thus created and is 

intended to provide the initial funding for: (1) new central packing 

facilities;10 (2) new storage facilities; (3) improvements to existing 

storage facilities; and (4) the retrofitting of sprout inhibitor appli

cation equipment in existing storage/packing operations. 

To fulfill the requirement for a current assessment of industry 

needs in the areas of storage and packing, a census was conducted in 

early 1982 by the Maine Agricultural Experiment Station. Overall, 

storage facilities in Maine were found to be antiquated and lacking the 

necessary technology that would provide for a qualilty fresh pack or 

Includes storage capacity constructed with central packing facilities. 
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processed product throughout a 10-month marketing season. The large 

number of small packing lines accounted for in the census were, in 

general, found to be less desirable when compared with larger, more 

centralized packing operations where greater quality control is more 

easily achieved and where the offering of a variety of marketing ser

vices and longer term sales agreements is more readily accomplished. 

In consideration of this investment of public monies in the storage 

and packing functions of Maine's potato marketing system, this study has 

made explicit the linkages between: (1) improved storage conditions and 

those qualitative produce attributes that consumers have identified as 

important factors in their purchase and use of fresh potatoes; and (2) a 

more centralized and organized marketing structure and the industry's 

ability to transmit important marketing information in a timely and 

accurate manner. This latter capability leads to greater efficiencies 

both in the technical or operational aspects of potato packing (e.g., 

economies of size) and in the price formation process heretofore best 

described as non uniform and price depressing. These linkages, based on 

marketing and economic theory, related research, and the information 

obtained in the census highlight the importance of the marketing func

tions of storage and packing in commercial potato operations. 

Based on the linkages described above, the objective data collected 

in the census on storage and packing operations, and the industry goals 

and policy objectives broadly stated in the PMIF legislation, a mathema

tical programming model was developed. The model is an attempt to 

operationalize these industry goals using selected criteria that were 

identified through theoretical research and supported by the information 

obtained in the census. 

The results of the PMIF linear programming model indicate the large 

magnitude of investment required, in 1983 dollars, to achieve specific 

levels of improvement in the areas of central packing, modern storage, 

through ventilated storage and sprout inhibitor application equipment.H 

The investment in sprout inhibitor application equipment was of 
somewhat less importance and costs for this component were small by 
comparison. These costs were calculated in the PMIF model as a fixed 
percent (2%) of total minimum costs. 
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These four investment categories were chosen based on the investment 

philosophy and administrative guidelines developed by the Maine 

Department of Agriculture, Food and Rural Resources and other interested 

groups within the Maine potato industry. To achieve the minimum goal 

for the State of bringing all areas up to the level of the "best" area 

(Investment Strategy AEQ) in the investment categories chosen, minimum 

total costs were $21.7 million. To achieve, as a minimum, 80 percent 

levels in the three major investment categories (i.e. central packing 

capacity equal to at least 80 percent of existing total packing capacity 

and modern storage capacity and through-ventilated storage capacity 

equal to at least 80 percent of existing total storage capacity) the 

total minimum costs were nearly $85.3 million. This scenario occurred 

in Investment Strategy III. 

Further, and perhaps more importantly from a long range planning 

perspective, there are the implications for the geographic areas of the 

state. In terms of total costs, the distribution among the seven areas 

used in this analysis, when compared with area potato production data 

collected in the census, indicates that some areas, as suspected, should 

receive proportionately more funds than their relative contribution to 

total production due to deficiencies in one or more of the investment 

categories. 

For the baseline goal or Investment Strategy AEQ, Southern 

Aroostook was allocated 21 percent of the total costs while it accounted 

for only 13 percent of 1981 total production as reported in the census. 

North Central Aroostook was allocated 31 percent of the total costs in 

Investment Strategy AEQ and accounted for 38 percent of 1981 total pro

duction. The difference between the percent of total costs and the per

cent of 1981 production in this investment strategy was less than five 

percent for all other areas (Table 10). For Investment Strategy III the 

allocation of total costs among geographic areas was within five percent 

of the areas' percent of production for all areas (Table 11). 

The identification of "target areas" within a selected investment 

strategy is perhaps the most important implication with respect to the 

allocation of PMIF dollars. Target areas here refer to specific invest

ment categories and geographic areas. In other words, once a strategy 

has been selected, consideration should then be given to those 
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geographic areas which require a relatively larger investment within an 

investment category. For Investment Strategy AEQ, the St. John Valley 

was allocated 50 percent of total costs for new central packing while 

North Central Aroostook was allocated 47 percent of new storage costs 

and 37 percent of retrofitted storage costs (Table 10). In investment 

Strategy III, which adds more ambitious industry-wide goals to the base 

line or area equalization goals, the largest allocation of total costs 

by area within the three major investment categories were in North 

Central Aroostook for new central packing and retrofitted storage, and 

in South Central Aroostook for new storage (Table 11). 

TABLE 10 

Percent of 1981 Production by Area and Allocation of 
Costs by Area for Investment Strategy AEQ 

Investment Categories 
New Central New Retrofitted 

1981 Packing Storage Storage Total 
Area Production Costs Costs Costs Costs 

- Percent -

St. John Valley 15 50 0 21 18 

N.C. Aroostook 38 0 47 37 31 

S.C. Aroostook 25 22 20 22 21 

So. Aroostook 13 28 18 15 21 

Downeast 1 0 3 0 2 

Central Maine 4 0 3 4 2 

Western Maine 4 0 9 0 5 

Total 100 100 100 100 100 

Looked at another way, target areas may be defined as those invest

ment categories by area that indicate the largest dollar amounts in a 

particular investment strategy. In other words, these dollar amounts 

represent the "areas" of greatest need or largest investment required to 

meet strategy goals. For Investment Strategy AEQ, these target areas in 

order of descending magnitude for the five largest are: (1) new storage 
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TABLE 11 

Percent of 1981 Production by Area and Allocation of 
Costs by Area for Investment Strategy III 

Investment Categories 
New Central New Retrofitted 

1981 Packing Storage Storage Total 
Area Production Costs Costs Costs Costs 

Percent 

St. John Valley 15 21 0 21 16 

N.C. Aroostook 38 35 29 37 35 

S.C. Aroostook 25 23 35 22 28 

So. Aroostook 13 21 4 15 17 

Downeast 1 0 4 0 1 

Central Maine 4 0 14 4 3 

Western Maine 4 0 14 0 3 

Total 100 100 100 100 100 

in North Central Aroostook $6,119 thousand; (2) new central packing in 

the St. John Valley $3,531 thousand; (3) new storage in South Central 

Aroostook $2,551 thousand; (4) new storage in Southern Aroostook 

$2,321 thousand and (5) new central packing in Southern Aroostook 

$1,997 thousand. For Investment Strategy I I I the top f i ve target areas 

are: (1) new central packing in North Central Aroostook $22,170 

thousand; (2) new central packing in South Central Aroostook $14,230 
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thousand; (3) new central packing in Southern Aroostook $13,284 

thousand; (4) new central packing in the St. John Valley and (5) new 

storage in South Central Aroostook $6,766 thousand. 

The results of this linear programming model have been expressed in 

terms of costs and required capacity levels in the investment categories 

to meet strategy goals. Capacity levels for new storage and retrofitted 

storage are given in hundredweight of storage capacity. The number of 

new storage facilities and the number of storages to be retrofitted 

could thus be determined if the size of planned new storages and stora

ges requiring improvements were known. The number of sprout inhibitor 

application equipment projects is simply calculated based on the costs 

determined in the model and estimated costs of the necessary equipment. 

Capacity levels for central packing are given in truckloads of 

daily output capacity. The number of central packing plants (3 or more 

truckloads of daily output capacity) could be determined based on the 

actual capacity, in truckloads of daily output, per packing facility 

which includes a proportionate amount of storage capacity. The rela

tionship between the amount of storage and the daily output capacity of 

packing plants is of course a linear one in the model. The cost para

meter used in the model for central packing was per truckload of daily 

output capacity, but as much as 80-90 percent of the costs of a new 

central packing facility can be for the accompanying storage capacity. 

The relevant range of central packing plant capacities that could be 

used to estimate the number of new central packing facilities is between 

3 and 12 truckloads the range reported in the census. 

As a long range planning tool this quantitative approach has not 

explicitly addressed the time dimension with respect to the investment 

of PMIF dollars. As a revolving loan fund, limited funds will be made 

available for projects in the initial phases of the implementation of 

this program. As the principal and interest portions of loans are 

repayed, monies will be made available in later time periods for addi

tional investment. Thus, the time period over which PMIF dollars will 

be loaned to achieve specific industry goals or policy objectives (as 

implemented in the model) could be computed based on available dollars, 

specific repayment plans and interest rates applied on all loans. 
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Again, the greatest value of the approach taken in this study is 

its usefulness as a policy planning tool. Alternative investment stra

tegies and the target areas as identified within these strategies will 

hopefully provide PMIF lenders with an investment plan that can be 

referred to periodically to insure that some progress is being made 

toward specific industry goals in the investment categories considered 

in this analysis, with particular consideration given to the allocation 

of PMIF dollars among geographic areas of the State. Not only will such 

an approach aid in the optimum use of PMIF dollars, but it may also 

serve as an objective measure of support for these public policy and 

public investment decisions. 

In any public policy, especially those involving the investment of 

public monies, there are factors that cannot be quantified in the manner 

in which packing and storage goals have been in the PMIF model. 

Exogenous factors in the problem being considered here include political 

interests with respect to geographic areas of the State and the desira

bility of "showcasing" projects funded by the PMIF to encourage further 

investment in modern technologies and new packing and storage facili

ties. This latter consideration is particularly important in an 

industry like the Maine potato industry where the decision to invest in 

such improvements for an individual farmer or group of farmers is often 

based on the observance of similar projects on area farms and in nearby 

towns. The importance of this type of information in providing an impe

tus for the adoption of newer technologies has long been recognized and 

is in fact formalized in agricultural economic literature by Cochrane 

who has classified farmers as early adopters, followers and late adopt

ers. Early adopters typically benefit from the early adoption of such 

technologies by capturing associated cost reductions or price enhance

ments. This showcase factor should thus be considered in the imple

mentation of the PMIF program, especially in the early phases. 

Finally, the success of the Potato Market Improvement Fund program 

will greatly depend on the farmer/operator's willingness to participate 

in this loan program. The participation rate will in turn depend on the 

extent to which information on the loan program and the benefits of 

newer storage/packing technologies and adjustments in the overall 

marketing structure of the industry is successfully communicated to and 
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accepted by prospective loan applicants. Ultimately, this willingness 

to participate will likely determine the success or failure of this 

program, provided adequate funding can be maintained. 

This study has suggested that improvements in some structural com

ponents of Maine's potato marketing system would strongly influence 

potato quality and efficiency in marketing Maine's potato crop. By 

quantifying industry goals in a linear programming model, information 

was obtained that provides additional insights into the policy and 

investment decisions related to the allocation of PMIF dollars. 
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APPENDIX C 

Investment Strategy II: New Central Packing, New Storage and 
Retrofitted Storage Capacities, New Sprout Inhibitor Equipment, and Costs by Area 

St. John 
Valley 

North 
Central 

Aroostook 

South 
Central 

Aroostook 
Southern 
Aroostook Downeast 

Central 
Maine 

Western 
Maine State 

INVESTMENT CATEGORY: 
New Central Pkg. Capacity 

(Tkds. of Daily Output) 
(1,000 Cwt. Central Storage) 

66 
1,991 

89 
2,660 

63 
1,898 

61 
1,831 

0 
0 

0 
0 

0 
0 

279 
8,380 

New Storage Capacity 
(1,000 Cwt.) 591 3,009 2,426 1,042 189 642 689 8,588 

Retrof i t ted Storage Capacity 
(1,000 Cwt.) 2,182 3,769 2,262 1,564 0 1,138 0 10,215 

Sprout Inh ib i tor Equipment' 
(No. of packing l i nes / 
storages) 72 157 94 99 4 13 9 448 

COSTS: 
New Central Pkg. Capacity 8,297 11,082 7,909 

- 1,000 Dollars -

7,629 0 0 0 34,917 

New Storage Capacity 2,070 10,531 8,491 3,647 661 2,248 2,410 30,058 

Ret ro f i t ted Storage Capacity 262 452 271 188 0 53 0 1,226 

Sprout Inh ib i to r Equipment 216 472 284 297 14 41 27 1,351 

Total Costs 10,846 22,537 16,955 11,761 675 2,341 2,437 67,552 

I C a l c u l a t e d f r - o m m i n i m u m c o s t s d e t e r m i n e d 1 n t h e m o d e l ( $ 3 , 0 0 0 o*»r - n l r n 1 •* —— v — * -*.— - — 



Investment Strategy IV: New Central Packing, New Storage and 
Retrofitted Storage Capacities, New Sprout Inhibitor Equipment, and Costs by Area 

St. John 
Valley 

North 
Central 

Aroostook 

South 
Central 

Aroostook 
Southern 
Aroostook Downeast 

Central 
Maine 

Western 
Maine State 

INVESTMENT CATEGORY: 
New Central Pkg. Capacity 

(Tkds. of Daily Output) 
(1,000 Cwt. Central Storage! 

104 
i 3,136 

176 
5,321 

114 
3,415 

106 
3,188 

0 
0 

0 
0 

0 
0 

502 
15,060 

New Storage Capacity 
(1,000 Cwt.) 1,292 4,516 4,325 1,530 291 1,189 1,064 14,207 

Retrof i t ted Storage Capacity 
(1,000 Cwt.) 2,182 3,769 2,262 1,564 0 438 0 10,215 

Sprout Inhib i tor Equipment1 

(No. of packing l ines/ 
storages) 123 270 162 170 7 23 15 770 

COSTS: 
New Central Pkg. Capacity 13,066 22,170 14,230 

- 1,000 Doll 

13,284 

ars -

0 0 0 62,750 

New Storage Capacity 4,522 15,805 15,139 5,353 1,020 4,161 3,726 49,726 

Retrof i t ted Storage Capacity 262 452 271 188 0 53 0 1,226 

Sprout Inhib i tor Equipment 371 812 487 510 23 70 46 2,319 

Total Costs 18,221 39,239 30,127 19,336 1,043 4,283 3,772 116,021 

1-Calculated from minimum costs determined in the model ($3,000 per pkg, line/storage). 



APPENDIX C (Continued) 

Investment Strategy V: New Central Packing, New Storage and 
Retrofitted Storage Capacities, New Sprout Inhibitor Equipment, and Costs by Area 

St. John 
Valley 

North 
Central 

Aroostook 

South 
Central 

Aroostook 
Southern 
Aroostook Downeast 

Central 
Maine 

Western 
Maine State 

INVESTMENT CATEGORY: 
New Central Pkg. Capacity 

(Tkds. of Daily Output) 
(1,000 Cwt. Central Storage) 

162 
11,852 

310 
9,313 

190 
5,691 

174 
5,224 

0 
0 

0 
0 

0 
0 

836 
25,080 

New Storage Capacity 
(1,000 Cwt.) 82 1,669 2,989 0 16 1,339 1,168 7,563 

Retrof i t ted Storage Capacity 
(1,000 Cwt.) 2,182 3,769 2,262 1,564 0 438 0 10,215 

Sprout Inh ib i tor Equipment* 
(No. of packing l ines / 
storages) 144 315 189 198 9 27 18 900 

COSTS: 
New Central Pkg. Capacity 20,218 38,804 23,711 

- 1,000 Dol 

21,767 

lars -

0 0 0 104,500 

New Storage Capacity 286 5,837 10,457 0 1,119 4,686 4,087 26,472 

Retrof i t ted Storage Capacity 262 452 271 188 0 53 0 1,226 

Sprout Inh ib i to r Equipment 432 944 567 593 27 81 54 2,698 

Total Costs 21,198 46,036 35,006 22,549 1,146 4,820 4,141 134,896 


