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Introduction

Spatial Price
Equilibrium

Computer models of supply and demand for commaodities in spatially separated mar-
kets have been widely used to examine the behavior of producers and consumers and
to investigate market equilibrium conditions under alternative policies. But in spite of
their fu ndamental importance, methods of model solution are seldom discussed in any
detail when analytical results are presented. This practice can be partially attributed

to descriptive parsimony by researchers and partially to disinterest in much of the
audience.

The solution method, nevertheless, determines many of the essential characteristics of
any model of market behavior and should be given attention. Among the characteris-
tics determined by the solution method are the permissible form (or forms) of the
functional relationships of a model and the model's endogenous and exogenous
variables. Some solution methods impose restrictions on the behavioral relationships
of a model. The solution method also has an effect on the ease with which repeated
solutions can be reached, either for sensitivity analysis or for policy analysis. A
solution method that is either computationally difficult or expensive can provide a
correct answer but may severely limit the usefulness of a model.

This report provides a general introduction to the spatial equilibrium problem and
documents a multiregion, multicommodity, spatial equilibrium solution algorithm that is
a revision of the "reactive programming" approach first developed by Tramel and Seale
(1959). This algorithm has undergone many revisions since it was first presented,
revisions that have improved its performance and expanded its capabilities. Reactive
programming is an inexpensive, simple, and flexible solution algorithm. Yet, in spite of
these desirable characteristics, it has not been widely used. The version of reactive
programming reported here incorporates the contributions of many individuals and
illustrates some of the extensions to the technique envisaged by Tramel and Seale
(1959) over two decades ago.

The conditions for spatial price equilibrium for multiple products can be stated formally
as follows.

Let Py indicate the price of product k in market j (k=1 ,K; j=1 ,M); X, is the quantity of
product k consumed in market j; C, is the supply price (production cost) for product k in
supply region i (i=1,N); PT, is the quantity of product k produced in supply region i; g
is the quantity of product k shipped from region i to market j; TC, is the unit cost for
shipping product k from i to j; and ty is the ad valorem tariff imposed by market j on
shipments of product k from supply region i.



Demand functions (equation 1) express the price of each product as a function of the
consumption of that product and all other products; supply functions (equation 2)
express the cost of each product as a function of the production of that product and all
other products:

P = p{?{“,__.,}{ih] -and i1)

k= ClPT..PT). (2)
Consumption in any market must be less than or equal to the sum of shipments from
all producing regions; production in any region must be greater than or equal to the
sum of shipments to all markets. Taken together, equations (3) and (4) hold as strict

equalities and impose an accounting balance on shipments:

Xy < ; Qyy 5 and (3)

PT, 2 ZI g - (4)

An important characteristic of competitive markets in equilibrium is that excess profit
for all suppliers will be zero. Excess profit (or quasi-rent) is a phenomenon of shortrun
disequilibrium and can be defined as a return to a producer that is greater than the
production (opportunity) cost. The return to a producer- is the price in any market
minus transportation cost, tariff charges, and production cost. The supply function
(equation 2) is defined such that the cost (Cik) includes all relevant costs, including
normal profit. Equations (5) and (6) express the competitive market equilibrium

condition:
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Finally, all quantities and prices must be nonnegative:
CI-iiw Fiu' Ctk' xik' PTlu = 0. (7

The adjustment process that leads competitive markets to an equilibrium position with
zero excess profit is illustrated in figure 1. Each producer is a price-taker, and market
demand, DM, is perfectly elastic at market price pM. For expositional simplicity, trans-
portation costs and tariffs are assumed to be zero. Market supply is indicated by S".

At quantity g1' positive excess profits exist, and producers will increase supply (with
increasing marginal cost) until an additional unit of output costs more to produce than
consumers are willing to pay. At quantity g2' production costs exceed the market price,
and producers will reduce output until excess profit is nonnegative. Quantity adjust-
ment is the only option available to producers in a competitive market.

Samuelson (1952) describes (for a single product) how the spatial equilibrium problem
can be set up as a maximization problem and be solved using linear programming. He
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Figure 1—Quantity adjustment by suppliers in a competitive market.

defines the quantity to be maximized as the "net social payoff' (NSP), which is equiva-
lent to the sum of producer and consumer surpluses minus transportation costs. Pro-
ducer surplus is the area bounded by the supply curve and market price; consumer
surplus is the area bounded by the demand curve and market price. Samuelson (1952)
shows the correspondence between the maximum of the NSP function and multiregion
equilibrium conditions. The NSP function is artificial in the sense that no participants in
the market have any reason to be aware of it; Samuelson (1952) notes the similarity
between this maximization and Adam Smith's "invisible hand."

Samuelson (1952) also points out that maximizing the NSP function will result in a
pattern of shipments that minimizes transportation costs. Smith (1963) demonstrates
the formal equivalence between the dual of this maximization problem and the condi-
tions of competitive equilibrium. That is, in competitive markets excess profit (quasi--
rent) is minimized because it is eliminated.

Takayama and Judge (1964) extend Samuelson's (1952) results to the multiproduct
case and solve the resulting problem using quadratic programming techniques. McCarl
and others (1984) provide documentation on an algorithm that solves spatial
equilibriium problems formulated in this manner. As Zusman (1969) and Zusman and
others (1969) point out, however, the symmetry conditions imposed by the Takayama
and Judge (1964) formulation are a severe restriction, particularly in terms of the
demand equations. Zusman (1969) questions the merits of formulating the spatial
equilibrium problem as an extremum problem, given this restriction. Adams and



Reactive
Programming

Haynes (in press) also discuss limits to the applicability of the Takayama and Judge
(1964) formulation, and they provide a survey of some alternative approaches to for-
mulating the maximization problem.

Tramel and Seale (1959) define "reactive programming" as a means of obtaining
equilibrium values for prices, quantities, and trade flows given supply and demand
functions (equations 1 and 2), and transportation costs (TCy). Their approach

has been termed a "market-simulating" procedure because the iterative means by
which the equilibrium values are computed corresponds to the adjustment process in
actual markets (Zusman and others 1969).

Reactive programming is a less restrictive method of obtaining the equilibrium solution
to the spatial market problem than is quadratic programming because reactive pro-
gramming requires only that the market adjustment process be stable (Zusman and
others 1969). Stability (convergence to an equilibrium, such as q. in fig. 1) is assured if
supply equations do not slope downward and demand equations do not slope upward;
that is, if supply and demand equations exhibit normal behavior. Supply and demand
functions can have any (differentiable) form, and symmetry of cross-partial derivatives
is not required (Zusman 1969). Zusman and others (1969) derive the formal conditions
for stability.

There is no explicit objective function in the reactive programming algorithm as there is
in Samuelson's (1952) solution method. In reactive programming, the market equilib-
rium is computed by adjusting production and shipments for each producer until no
producer can increase net revenue by altering either output or the pattern of ship-
ments. Given an initial set of shipments, reactive programming maximizes net revenue
for one producer, in all markets, by holding production and shipments from other
regions constant. Each producing region is examined in sequence, and this sequence
is repeated until the equilibrium conditions are satisfied within the specified tolerance.
The value of the (user-specified) tolerance is substituted for zero on the right side of
equation (5).

Takayama and Judge (1963) refer to this iterative procedure as a "gradient" method
and offer two major criticisms of it: first, that convergence to an equilibrium is not
assured, and second, that an exact solution cannot be achieved in a finite number of
iterations. Tramel (1965), Zusman and others (1969), and King and Ho (1972) offer
counter arguments to both criticisms. Zusman and others (1969) argue that the
stability of the market adjustment process ensures the convergence of a market-
simulating computational procedure. Zusman (1969) also points out that the "stability
approach," as illustrated by reactive programming, results in greater flexibility than the
Takayama and Judge (1964) approach (it is applicable to a wider array of market
conditions) with very little loss of analytical rigor.

" A direct comparison of reactive programming and quadratic
programming is provided in appendix 1.



Tramel (1965) responds to the second criticism about an exact solution by conceding
that reactive programming converges to a solution asymptotically, but he argues that
this does not lead necessarily to excessively long computation time. He points out that
shortcuts can be introduced to speed the solution process. King and Ho (1972) confirm
Tramel's experience with solution times, and they introduce to the algorithm additional
revisions designed to reduce solution time even further.

Reactive Programming The reactive programming algorithm was introduced by Tramel and Seale (1959).

Solution Procedure Tramel and Seale (1963) and Tramel (1965) describe the algorithm in more detail,
including methods for reducing computing time. Many of these methods are used in
the version of reactive programming described here, called REACTT. The general
structure of reactive programming is illustrated in figure 2.

The procedure for computing an equilibrium begins at a basis that satisfies the ship-
ments balance restrictions in equations (3) and (4). This starting point can be arbitrary,
but the equilibrium solution can be computed faster by choosing the set of gy, that
satisfies (3) and (4) and minimizes transportation costs (Tramel and Seale 1963).

To solve for flows that minimize transportation costs, total supply and demand quanti-
ties (and transportation costs) must be known. King and Ho (1972) compute the
starting quantities by solving the supply and demand equations with the assumption
that transportation costs are zero. In a multiperiod model, supply and demand totals
from the previous period's solution can be used as initial estimates of PT, and X,.

In REACTT, starting quantities for supply and demand regions are read in as part of
the data for the problem. These values may be more or less arbitrary, with the sole re-
striction that the sum of supplies must equal the sum of demands. An efficient starting
basis for computing the market equilibrium is then found by solving:

Minimize 2X.Y, TC, q_ : (8)
Tk ijk Mijk
subject to:

Qe < UUUy. (9)

Ogpe 2 LLLy . (10)

%“qliu £ PT,. (11)

51_’,||:|”ll 2 X, and (12)

Qy = Oforalli jandk; (13)

where UUUj is the upper limit on shipments of product k from supplier i to market j,
LLL, is the lower limit on these shipments, and the other terms are as defined earlier.
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Figure 2—General structure of reactive programming.



The remainder of the reactive programming algorithm is summarized in the following
steps, in this case for one supply region and one product:

1. Compute net price (excess profit) for shipments to each market and the quantity-
weighted average profit for shipments to all markets (AVPN). If a region is operating at
its capacity (an upper limit on production entered as data for the problem), then AVPN
remains equal to the average profit in all markets. If production can be increased,

A VPN is set equal to zero. Then for each market compute:

SKPJk = ij - C|k - TCijk = tijkCik = AVPN . (14)

2. Using the solution tolerance (ACCR) in place of zero, check the equilibrium condi-
tion stated in equation (5) by comparing SKP, and ACCR. (Continue to the next
market if flows are zero.) For any supply region operating at capacity, the comparison
of SKP, from equation (14) and ACCR defines the equilibrium condition as equal
excess profit in all markets. When production is not constrained, the equilibrium
condition is that the absolute value of excess profits must be less than ACCR. If the
equilibrium condition is not met, continue with the calculations for this supplier; if the
condition is met, go to the next supply region.

3. Using the slope of the supply equation for this region (SLOPS) and the slope from
the demand equation for each market (SLOPDj) compute a new shipments quantity
for each market using Newton's approximation:

S, = 0y - SKP,/(SLOPD, - SLOPS) . (15)

4. Compute the difference' between the current supply from this region and the produc-
tion capacity (DIFF = PT, - PC,, where PC, is the supply region capacity); compute the
change in quantity demanded given a unit change in price (Rj, = 1 /SLOPDj,) for

each market, and the total change for all markets (TOT). Compute a revised shipment
to each market as:

Sy = Sy - (R, /TOT) DIFF. (16)
5. Adjust the market total and compute the new market price for each market:

Xjk = Xi - qijk + Sjk ; and (1 7)
6. Adjust the production total for this supplier and compute the new (marginal) cost:

PT

K = ?[F‘Tm- quk+SJk]; and (19)

Ci = cPTy). (20)



Applications of
Reactive Programming

Revisions to King
and Ho's Reactive
Programming Code

7. Go to the next supply region and repeat steps 1 through 6, and continue until the
equilibrium condition (step 2) is satisfied for all supply regions (and products). This
iterative procedure is continued until no producer can benefit from a change in the

quantity produced or from a change in the pattern of shipments.

Tramel (1965) and King and Ho (1972) discuss several steps that can be used to
improve the efficiency of the reactive programming algorithm. In addition to the use of
linear programming to determine an efficient starting point, these steps include a series
of checks to determine whether some or all the calculations are required in each itera-
tion. These procedures are not shown in steps 1 through 7, but they have been retained
in REACTT.

If supply from a region is fixed, equation (15) is simplified, and the problem is then one
of allocating this (fixed) quantity to equate excess profit in all markets. When both supply
and demand are fixed (in all regions) the spatial equilibrium problem is reduced to the
transportation problem, equations (8) through (13). One illustration of the flexibility of
reactive programming is its ability to solve a problem containing a mixture of price-
responsiveness and nonprice-responsiveness (fixed quantities) in both supply and
demand regions. There are also no restrictions on the functional forms of the supply and
demand equations, other than the requirement that the slopes of equations (1) and (2)
can be defined (for use in equation 15).

Tramel and Seale (1959) describe the reactive programming algorithm and illustrate its
application with an analysis of the supply and demand for watermelons. Seale and
Allen (1959) provide another example of an early use of the technique. More recent
examples of reactive programming can be found in Riley and Blakely (1975) and
Dahigran (1980).

King and Ho (1972) document an "improved" version of the Tramel and Seale (1959)
algorithm and provide sample problems to illustrate its use. The paper by King and
Gunn (1981) is an update of King and Ho (1972) and provides additional examples of
spatial problems that can be solved using reactive programming.

There are surprisingly few examples of the application of reactive programming to an
analysis of trade and trade policies. Zusman and others (1969) elaborate on the algo-
rithm described by Tramel and Seale (1959) and apply their solution procedure to an
examination of the impact of alternative trade policies instituted by the European
Economic Community. Gemmill (1977) conducts an analysis of world sugar markets
and examines the impact of U.S. trade policies. Adams and Haynes (1980), Adams
(1983), and Brooks (in press) use reactive programming to model forest products
markets.

King and Ho (1972) provide a detailed description of the reactive programming algo-
rithm and include the "Tramel/NCSU" program written in FORTRAN. This program
reflects some improvements on the algorithm described in detail by Tramel (1965), most
notably the ability to solve a problem with two interdependent products and an



efficient method for computing initial supply and demand quantities. The version of
reactive programming described in this report is an extension of the King and Ho
(1972) algorithm.2 Technical differences between this and the King and Ho (1972) code
will not be discussed in any detail because these changes will be of interest only to
users of the original code and should be readily apparent to them.

Major revisions to the King and Ho (1972) algorithm will be described in some detalil,
however. The REACTT code contains the following, additional features:

1. Separate supply and demand regions are defined for all products.

2. Price interaction (in supply or demand) for up to five products can be examined.

3. Fixed demand regions can be included in the problem.

4. Ad valorem (import) tariffs can be specified for each product and every pair of
supply and demand regions.

5. Upper and lower bounds can be specified for shipments along any route.

Regional definitions—In REACTT the spatial equilibrium for each product is com-
puted separately, but the interaction between products in both supply and demand
functions is still accounted for. In earlier versions of the algorithm (such as King and
Ho 1972), supply and demand regions are defined as "product-regions," and flows of
one product to another product's "region" are prevented by setting transportation costs
very high. In REACTT, there is a single list of supply (demand) regions that includes
producers (markets) for all products. If a region does not produce (consume) a particu-
lar product, the coefficients of its supply (demand) function are set to zero. The
dimension of variable arrays in REACTT allows for the specification of as many as 20
producing regions and 20 markets*

Price interaction—The supply and demand function coefficients specify the price (or
cost) of each product as a function of an intercept, of its own quantity, and of the
quantity of all other products. This relationship is stated in general terms in equations
(1) and (2). As many as five products may be included in REACTT; previous versions
of the algorithm were restricted to two products. If there is no interaction between
products in supply or demand, in any region, a zero must be entered for the appropri-
ate (quantity) coefficient.*

Fixed demand—The range of spatial equilibrium problems that can be solved using
REACTT includes those in which one or more supply or demand regions do not
respond to price changes. Previous versions of reactive programming included fixed
supply regions; the treatment of fixed demand regions here is analogous. Supply and

2 King and Gunn (1981) also document a revised version of the
program described by King and Ho (1972).

3 The parameter MAXREG sets the maximum number of regions
(either supply or demand); computer memory requirements can be
minimized by adjusting this parameter to the size of the problem.

4See appendix 3 for a description of the structure of the data file for
REACTT.
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demand function data are entered in price-dependent form; functions are fixed when
the coefficients for all quantity terms are zero and, in this case, the starting demand
quantity is taken as the fixed requirement for that region (and product).® Flows to fixed
demand regions are determined in initial solution of the transportation problem.
Because the market price is undefined, or arbitrary (at least initially), fixed-demand
regions are skipped during reactive programming computations that reallocate ship-
ments. After an equilibrium has been computed, the price reported for a fixed demand
region is the quantity-weighted average cost (including any tariffs) for shipments to that
region.

Import tariffs—All computations of excess profit (per unit) in REACTT take into con-
sideration any ad valorem tariffs imposed by the market. Tariff data for each product is
entered as a proportion, as part of the definition of the problem. A unique tariff rate can
be specified for shipments from each possible supplier to each market. Tariffs can be
computed on producer cost (customs basis) or be based on delivered cost (producer
cost plus transportation cost). An integer variable (zero or one) is used to indicate the
type of tariff computation appropriate for each market.

Flow bounds—In REACTT, the network allocation routine NETFLO, described by
Kennington and Helgason (1980), is used in place of the linear programming subrou-
tine described by King and Ho {1972)¢ An important feature added by NETFLO is the
ability to specify upper and lower bounds on shipments. In principle, shipments from
any supplier to any market can be specified exactly by setting the upper and lower
bounds equal. Caution must be exercised when imposing flow constraints, however;
difficulties may arise because of the structure of REACTT or because of the nature of
the problem.

The structure of the solution in REACTT is shown in figure 2. The transportation prob-
lem is solved first (by using NETFLO) to establish a starting basis for the reactive
programming computations. Supply and demand totals are revised in the reactive
programming computations, afterwhich NETFLO is used to compute the final ship-
ments pattern. If no constraints are placed on shipments, the second solution of the
transportation problem is redundant because the equilibrium solution (for competitive
markets) will minimize transportation costs (Samuelson 1952, Seale and Tramel
1963). An infeasible problem is created when producer (or market) adjustments

result in quantities that conflict with the flow constraints. An example of such a conflict
is total market demand that is less than a minimum flow from a single producer.

®The intercept term is taken as the initial value for market price
and is displayed in any intermediate reports.

6 The expansion of the reactive programming code to five
products and the inclusion of NETFLO are described in J. L. Arthur
and B. A. McCarl, "Extensions and modifications of the reactive
programming algorithm of King and Ho," unpublished manuscript
on file at the Pacific Northwest Research Station, Macroeconomics
of U.S. and International Trade Project, Portland, Oregon.



Infeasible flow constraints will cause a program error (see table 3, appendix); the only
possible correction is to relax the constraint(s) until the problem becomes feasible.”
Kennington and Helgason (1980) provide a more detailed description of NETFLO and
include a listing of the program.

Some other changes to King and Ho's (1972) code should be noted as well. Only one
functional form (linear) has been included for supply and demand functions in REACTT,;
the code (in appendix 6) is annotated to indicate where changes must be made in order
to use different functional forms. Any differentiable functional form can be used for
either supply or demand functions; functional forms can differ between regions for
supply or demand. These modifications require only that slopes, prices, and costs be
(re)defined appropriately, and for mixed functional forms, that careful attention be paid
to the indexes that refer to particular supply and demand regions.

The code for REACTT is divided into five subroutines (plus one program segment) that
facilitate incorporation into a larger market simulation model, if desired. The general
structure of a multiperiod simulation model using REACTT is illustrated in figure 3.

The Timber Assessment Market Model (Adams and Haynes 1980) provides one ex-
ample of how the reactive programming routines can be incorporated into such a model
system.® Program segment REACTT provides the structure for the solution process and
would be replaced (or expanded) in any multiperiod market simulation model. Sub-
routine DATAIN is used to enter the data for this single solution of the spatial equilib-
rium problem. Subroutine REACT contains the core of the reactive programming cal-
culations; subroutine REPORT provides reports on intermediate results and reports the
equilibrium solution. Subroutines SETUP and NETFLO are used to solve the network
allocation problem.

The source code for REACTT is written in the American National Standards Institute
(ANSI) FORTRAN 77 language. This code has been compiled and tested on a Control
Data Corporation® (CDC) Cyber 170/720-2 computer at Oregon State University,
Corvallis. With the possible exception of the function calls for the date and time, all
statements should compile on any system supporting ANSI-standard FORTRAN.

7 The equilibrium solution computed in subroutine REACT is "lost"
when an infeasible linear programming problem is encountered
because all flows (qy) are set to zero before the attempt to solve the
transportation problem.

8 For more detail on the structure of TAMM, see D. Adams, J.
Gourley, and R. Haynes, "Timber Assessment Market Model:
user's guide," unpublished manuscript on file at the Pacific
Northwest Research Station, Macroeconomics of U.S. and
International Trade Project, Portland, Oregon.

® The use of trade, firm, or corporation names in this publication is
for the information and convenience of the reader. Such use does
not constitute an official endorsement or approval by the Depart-
ment of Agriculture of any product or service to the exclusion of
others that may be suitable.
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reactive programming.

Source code and sample data sets can be supplied (at cost) on IBM-compatible
diskettes or on magnetic tape. Those interested in obtaining a copy should contact the

authors.

This code has also been compiled and executed on IBM-compatible microcomputers.
In general, although with exceptions, microcomputer results are comparable to main-
frame computer results; supply prices and market prices will differ by an amount less
than the solution tolerance. The microcomputer solution will require more iterations
than does the mainframe version of REACTT. Some problems arise with the micro-
computer version of REACTT; most can be traced to internal precision. Scaling

factors must be reduced (to 1.0) to solve the network allocation problem; other, minor
modifications to the code may be required as well.
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Literature Cited

The modifications to Tramel and Seale's (1959) reactive programming algorithm
shown here do not exhaust the possibilities for revisions or enhancements to this com-
putational procedure. The algorithm can be used to compute spatial equilibria using
both a variety of functional forms and a mixture of functional forms for supply and
demand equations. The REACTT code can be easily modified to accommodate this.
Another extension to this code would be the addition of export tariffs or subsidies. This
is analogous to the import tariffs included here. Where supply and demand equations
(costs and prices) are denominated in different currencies, the rate of exchange can
be added to the calculation of excess profit in equation (14).

Adams (1983) describes a spatial equilibrium problem that involves two market levels
(trade in raw materials and processed products) and interdependent prices (costs). He
solves each market level problem using reactive programming and an iterative proce-
dure to link the two solutions. That is, one market equilibrium is solved using a guess
at prices in the other market; the resulting prices are used in the solution of the remain-
ing market problem. Successive substitution of prices between markets leads to con-
vergence to an overall equilibrium. In principle, this procedure can be used to link any
number of market levels in either a recursive or a cascading structure. Brooks (in
press) uses the reactive programming code reported here and this iterative procedure
to solve for spatial equilibrium in two linked markets.

Adams, D. 1983. Modeling world trade: tropical timbers. FO/MIS/83/24. Rome, Italy:
Food and Agriculture Organization of the United Nations. 105 p.

Adams, D.; Haynes, R. 1980. The 1980 timber assessment market model: structure,
projections, and policy simulations. Monogr. 21, Forest Science. Washington, DC:
Society of American Foresters. 64 p.

Adams, D.; Haynes, R.1987 [In press]. Interregional modeling. In: Binkley, C.;
Dykstra, D.; Kallio, M., eds. The global forest sector. New York: Wiley and Sons.

Brooks, D. 1987 [In press]. A model of world trade in forest products for use in the
1990 RPA Assessment. In: Field, R., ed. Systems analysis in forest resource
management: Proceedings of a symposium; 1985 December 9-11; Athens, GA:
University of Georgia.

Dahlgran, R. 1980. Welfare costs and interregional income transfers due to regulation
of dairy markets. American Journal of Agricultural Economics. 62: 288-296.

Gemmill, G. 1977. An equilibrium analysis of U.S. sugar policy. American Journal of
Agricultural Economics. 59: 609-618.

Helgason, R.; Kennington, J. 1979. NETFLO program documentation. Tech. Rep.
| EOR 76011. Dallas, TX: Southern Methodist University, Department of Operations
Research. 26 p.

Kennington, J.; Helgason, R. 1980. Algorithms for network programming. New
York: John Wiley. 291 p.

13



14

King, R.; Ho, F.1972. Reactive programming: a market simulating spatial equilibrium
algorithm. Econ. Res. Rep. 21. Raleigh, NC: North Carolina State University
Department of Economics. 48 p.

King, R.; Gunn, J. 1981. Reactive programming user manual: a market simulating
spatial equilibrium algorithm. Econ. Res. Rep. 43. Raleigh, NC: North Carolina State
University, Department of Economics. 82 p.

McCarl, B.; Arthur, J.; Kennington, J.; Polito, J. 1984. SEBEND: a computer algo-
rithm for the solution of symmetric multicommodity spatial equilibrium problems
utilizing Bender's decomposition. Special Rep. 708. Corvallis, OR: Oregon State
University, Agricultural Experiment Station. 124 p.

Riley, J.; Blakely, L. 1975. Impact of alternative Class | pricing systems on fluid milk
prices. American Journal of Agricultural Economics. 57: 67-73.

Samuelson, P. 1952. Spatial price equilibrium and linear programming. Economic
Review. 42: 283-303.

Seale, A.; Allen, M. 1959. Reactive programming of supply and demand for water-
melons produced in ,Mississippi and competing areas. AEc Tech. Pub. 1. State
College, MS: Mississippi State University, Agricultural Experiment Station. 20 p.

Seale, A.; Tramel, T. 1963. Reactive programming models. In: King, R., ed. Inter-
regional competition-research methods. Raleigh, NC: North Carolina State Univer-
sity, Agricultural Policy Institute. 47-58.

Smith, V. 1963. Minimization of economic rent in spatial price equilibrium.. Review of
Economic Studies. 30: 24-31.

Takayama, T.; Judge, G. 1963. Non-linear formulations of spatial equilibrium models
and methods for obtaining solutions. AERR 66. Urbana, IL: Illinois Agricultural
Experiment Station. 45 p.

Takayama, T.; Judge, G. 1964. Equilibrium among spatially separated markets: a
reformulation. Econometrica. 32: 510-24.

Tramel, T. 1965. Reactive programming-an algorithm for solving spatial equilibrium
problems. AEc. Tech. Pub. 9. State College, MS: Mississippi State University,
Agricultural Experiment Station. 40 p.

Tramel, T.; Seale, A. 1959. Reactive programming of supply and demand relations—
applications to fresh vegetables. Journal of Farm Economics. 41 : 1012-1022.

Tramel, T., Seale, A. 1963. Reactive programming—recent developments. In: King,
R., ed. Interregional competition—research methods. Raleigh, NC: North Carolina
State University, Agricultural Policy Institute. 59-68.

Zusman, P. 1969. The stability of interregional competition and the programming
approach to the analysis of spatial trade equilibria. Metroeconomica. 21: 45-57.

Zusman, P.; Melamed, A.; Katzir, I. 1969. Possible trade and welfare effects of EEC
tariff and "reference price" policy on the European-Mediterranean market for winter
oranges. Monogr. 24. Berkeley, CA: University of California, Giannini Foundation.
50 p.



A data set similar to that shown in appendix 4 was used to compare the reactive
programming algorithm REACTT, and the quadratic programming algorithm SEBEND
(McCarl and others 1984). The sample problem has seven supply regions, six demand

Appendix 1:
A Comparison of

Reactive and regions, and two products; the slope coefficients of both supply and demand equations
Quadratic are symmetric (as required by quadratic programming). Both algorithms were com-
programming piled and run using a CDC Cyber 170/720-2 computer, and in both cases the output

option chosen was to echo the problem data and report only the final solution.

The reactive programming solution required 3.036 CP seconds; the quadratic pro-
gramming solution required 3.347 CP seconds. Table 1 compares price and quantity
data reported by both models, for one product (lumber). The solution tolerance in
REACTT was set at 2000; no price reported by REACTT differs from the SEBEND
price by more than this amount. Supply region and market quantities are also sub-
stantially the same. Data for the second product are similar.

Table 1—A comparison of REACTT and SEBEND

Supply region prices Market prices
Begion BEACTT SEBEND Market REACTT SEBEND
ww 160200.9 159920.8 NW 164828.9 164510.8
WE 163507.4 162030.8 SW 178574.8 176740.8
SwW 166746.4 165020.8 RK 174267.2 175260.8
RM 165087.1 166150.8 NC 189720.6 189580.8
SC 177983.2 179830.8 NE 190893.9 191980.8
SE 1773739 178460.8 S0 1887551 189390.8
CA 158104.3 158113.4
Supply region quantities Market quantities
Begion BEACTT SEBEND Market REACTT SEBEND
Ww 63135 6311.7 NW 2551.0 2552.2
WE 26591 26431 sw 9294 .1 8320.2
SW 6338.8 6325.5 RK 2483.5 2478.7
AM 36249 3633.2 NC 9548.3 88511
sC 8578.9 85929 ME 3123.0 31148
SE 73583.0 7401.5 S0 12970.2 12954.1
CA 54621 5463.1
TOTAL 403702 403711 40370.2 40371.1
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Appendix 2:
REACTT Variable
Definitions

16

This appendix provides definitions of variables used in Program REACTT, and subrou-
tines REACT, REPORT, and DATAIN. The reader is directed to Kennington and
Helgason (1980) and Helgason and Kennington (1979) for more information on
NETFLO.

Variable Definition

ACCR Solution tolerance, defined as the amount by which excess
profits (for any supplier in any market) may differ from zero (must
be scaled to supply and demand equations)

AVPN The average net price (profit) for the current supply region in the
current iteration AVPN = SUM/CNT; AVPN is set=0 if the supply
region production total (PT(l,K)) is less than capacity (PC(I,K))

BIG Sufficiently large number, used to indicate no flow in NETFLO

C(l,K) Cost, supply region I, product K

CNT The total quantity shipped to all markets by the current supply
region in the current iteration

CPAY Consumer outlay in each market

CPT Total consumer outlay, all markets

DEMAND(N,J,K) Price-dependent demand equation coefficients; N=1 is the inter-
cept, N=2to N=NPROD + 1 are the coefficients for the quantity of
the first through the NPROD th products (for each | and K)

DIFF The difference between PACT and capacity for the supply region
(PC(1,K))

DUMP Integer variable that determines the quantity of output (see
table 2)

EPS Parameter sufficiently close to zero

FINIS Integer flag that defines when the RP iteration is completed;

when FINIS =5, the iteration continues; FINIS=0 indicates an
equilibrium solution; FINIS is set=0 at the start of each iteration,
and set=5 if net price is greater than ACCR (in absolute value) in
any market, for any supply region

FLWSCL Scaling parameter for flows in NETFLO

IFAS(I) Integer flag used to indicate whether to skip supply region | in the
current iteration; IFAS is set equal to 1 (skip this region) when
the equilibrium conditions are met; IFAS is reset to 0 on a cycle
determined by ITEST

INDIC Integer flag used to indicate the need for a recalculation within an
RP iteration; INOIC is set=0 to start, then set=5 if S(J,K) has
been set arbitrarily because the initial S(J,K) was less than or
equal to zero; when INDIC=5 a new total supply and residual
supply is computed, and a new S(J,K) is computed for each
market

ISP(I,K) Implicit supply price: for each supply region (and product) this is
computed as the greatest difference between price (in any
market) and transportation cost (plus tariffs); for supply regions
operating below capacity ISP(I,K) =C(l,K) + ACCR; otherwise ISP
indicates the "profit potential" in the absence of the capacity (or
flow) constraint




Variable Definition

ITEST Integer counter that defines the cycle for setting the flag
IFAS(I,K) = 0; every ITEST RP iterations the flag is set to 0 and
all supply regions are examined for possible improvements to
the supply total or shipments pattern (regions are skipped when
there is no change from the previous iteration)

IX(I,K} Integer flag used to indicate a fixed supply region for this product
(IX(I,K) = 0) or marginal cost varying with quantity (IX(I,K) = 1)

IX(J,K} Integer flag used to indicate a fixed demand region for this
product (JX(J,K) = 0) or price varying with quantity demanded
(UX(J.K) = 1)

LINMAX Maximum number of lines per page (output file)

LLL(1,J,K} Lower bound on shipments of product K from I to J

MAXIT Maximum number of reactive programming iterations

NDEM Number of product demand regions (markets)

NLIN Number of lines printed, current page (output file)

NLPIT The number of NETFLO iterations

NOLO The total number of RP iterations

NPAGE Page number (output file)

NPROD Number of products

NRPIT The number of the current RP iteration

NSUP Number of product supply regions

OBJSCL Scaling parameter for the objective function in NETFLO

P(J,K) Price, demand region J, product K

PA(I,K) Production allocation for supply region |, in the current RP
iteration

PAT Total quantity supplied, all producers

PC(l,K) Production capacity, supply region I, product K

PREV(I) Producer revenue, supply region |

PRINTS Integer counter used to determine the cycle for intermediate
reports

PROD(K) 3-character identifier of products (K=1, NPROD)

PROT The total supply for the current supply region in the current
iteration (the sum of flows to all markets)

PRT Total producer revenue, all producers

PT(l,K) Production total, supply region 1,- product K

Q(I,J,K) Quantity of product K shipped from | to J

QST The total quantity shipped, all producers, all markets

R(J,K) The inverse of the slope of the demand function; that is,

(1/DEMAND(K+ 1 J,K))
17



Variable Definition

R DATE Date of the current run (system-defined)

REGDEM(J) 2-character identifier of demand regions (J=1, NDEM)

REGSUP(l) 2-character identifier of supply regions (1=1, NSUP)

RTIME Tlme of the current run (system-defined)

RUNERR Integer variable used to indicate that an error has occurred
(when greater than 0) and its location (see table 3)

SJ,K) Trial quantity for shipments of K from the current supply region to
market J

sSC The shipping cost for flows Q(l,J,K)TC(1,J,K)

SCT Total shipping cost, all producers, all markets

SKP The deviation of net price in a market from the average net price
in all markets (AVPN), for the current supply region in the current
iteration; SKP is compared to ACCR (for each supply region, all
markets) to determine if an equlibrium has been reached for this
supplier

SUM The total profit (net price times quantity) in all markets for the

SUPPL V(N,1,K)

TAR
TARIF
TARIFF(1,J,K)

TC(1,J,K)
TFLAG(J)

TITLE

Uuu(,J,K)
X(J,K)
XJT

current supply region in the current iteration

Cost-dependent supply equation coefficients; N=1 is the inter-
cept, N=2 to N=NPROD+ 1 are the coefficients for the quantity of
the first through the NPRODth products (for each | and K)

The tariff collected on flows Q(l,J,K)
The total tariff collected in each market

Ad valorem tariff (expressed as a proportion) imposed by market
J on shipments of product K from supply region |

Transportation cost for shipments of product K from | to J

Integer flag indicating the type of tariff computation for market J;
TFLAG=0 indicates tariff assessed on the "customs price" (pro-
ducer cost only); TFLAG= 1 indicates tariff assessed on producer
cost plus transportation cost

80-character description of ,the data set, used as a heading on
each page of output

Upper bound on shipments of product K from 1 to J
Total quantity demanded, market J, product K
Total quantity demanded, all markets



Table 2—REACTT documentation options’

DUMP Output

0 None?

1 Final report

2 + data echo

3 + intermediate reports
4 + SETUP reports?®

5 + NETFLO reports®

1 Reports are cumulative.

2 For use when REACTT is included as a set of subrou-
tines in a larger simulation model.

3. See Helgason and Kennington (1979) for more informa-
tion.

Table 3—REACTT error messages'

NSTOP Subroutine Problem

10 SETUP Infeasible problem: net requirements are
negative

20 SETUP Too many arcs

30 SETUP Too many arcs

40 SETUP Too many arcs

50 NETFLO Too many arcs

60 NETFLO Infeasible problem: net requirements are
negative (induced by lower bounds on
arcs flows)

70 NETFLO Infeasible: artificial variables in basis

" These errors originate in the network allocation subroutines. The value of RUNERR is reported

when abnormal termination occurs, where RUNERR = NSTOP + NPROD (the number of the current
product at the time of the error). Two additional error messages can occur in REACTT: an "illegal end
of file encountered" while reading input; and "illegal data encountered" (too many regions or too many
products).
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Appendix 3: Data for REACTT is read from file DATA by subroutine DATAIN called .by program

REACTT Data File REACTT. File DATA contains three sections: (1) parameter information; (2) alpha-

Structure numeric data identifying regions and products; and (3) blocks containing the supply
and demand functions, transportation costs, tariffs, flow bounds, capacities, and
starting values (one block for each product). The sequence of data entry is shown
below; a sample data set is included as appendix 4.

1. Parameter information
TITLE (80-character title of the data set)
DESC (80-character description)
NSUP, NDEM, NPROD, DUMP, ACCR
DESC (80-character description)
FLWSCL, OBJSCL, BIG, MAXIT

2. Alphanumeric data identifying regions and products
(REGSUP(l), I=1,NSUP)
(REGDEM(J), J=1,NDEM)
(PROD(K), K=1,NPROD)

3. Product data blocks (K=1 ,NPROD)
DESC (BO-character description)
((SUPPLY(N,I,K), N=1,NPROD+ 1), 1=1,NSUP) (1 line for each region)

DESC

((DEMAND(N,J,K), N=1,NPROD+1), J=1,NDEM) (1 line for each region)
DESC

(TFLAG(J), J=1 ,NDEM)

DESC

((TC(1,J,K), 1=1,NSUP), J=1,NDEM) (1 line for each demand region)
DESC

((TARIFF(1,J,K), 1=1 ,NSUP), J=1,NDEM) (1 line for each market)
DESC

((LLL(,J,K), 1=1,NSUP), J=1,NDEM) (1 line for each market)

DESC

((UUU(1,J,K), 1=1,NSUP), J=1,NDEM) (1 line for each market)
DESC

(PT(I,K), I=1,NSUP)

DESC

(PC(I,K), 1=1,NSUP)

DESC

20



Appendix 4: LR 28 1977 85/01/10. 21.07.34. 2ND SOUTHERN TIMBER SUPPLY STUDY RUN

NUMBER OF SUPPFLY AND DEMAND REGIONS AND PRODUCTS, DUMP FLAG AND ACCURAGY
REACTT Example 782 2 2000.
Data Set SCALING FACTORS FLWSCL, OBJSCL, BIG, MAXIT

10000 1000.0 1000000000, 20
W WE SW AM SC SE CA
N =10 RK NG MNE S0

Lus  PLY
LUMBER SUPPLY EQUATIONS
-338669.3370 56.7995 2.1130
-133615.0350 105.8041 10,0439
-470226.3518 128.3077 13.0180
-520796.5081 139.7448 9.5400
-451186.5530 124.8247 6.1589
-314040.1331 130.0521 7.3081
38770887 8.6149 D000
LUMBER DEMAND EQUATIONS
453616.4233 1247632 L0000
S31053.5767 -55.1403 0000
484484 0686 -180.8876 0000
488194.6525 -31.4651 0000
448538.7186 -80.8404 0000
493826.8128 -31.6092 0000
LUMBER TARIFF COMPUTATION FLAGS
0.0 0.0 0.0 0.0 0.0 0.0

LUMBER TRAMSPORTATION COSTS

4590 5370 10450 14580 29610 31520 10120
16820 16520 11720 18030 25400 31920 19720
16160 14430 17080 2110 26180 28710 18810
29860 27950 28330 23430 15160 17470 27250
34870 32550 33310 HATT0 20060 13520 31250
25470 27520 28150 24100 9560 10830 a0050
LUMBER TARIFF RATES
0.000 0.000 0.000 0.0:00 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.0:00 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0,000 0.000 0.000
LUMBER LOWER EOUND ON FLOWS

(=R =-N-F—R-—F-]

(=R === =]
=R=R=g ===
cooDoooo
(=R =N =N =]
(=R =R =g =R=0=]
[=F=R=J =g =1=

LUMBER UPPER BOUND OM FLOWS

1.0E6 1.0EB 1.0E6 1.0E6 1.0E8 1.0E8 1.0E8

1.0EB 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

1.0E6 1.0EG 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

1.0EB 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

1.0E6 1.0E6 1.0E6 1.0E6 1.0EB 1.0E6 1.0E6

1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

LUMBER SUPPLY STARTING WALUES

TE65.00 2426.552 4961.484 4579.00 4633.00 3358.024  10429.00
LUMBER SUPPLY MAXIMA

B116.188 2427.552 40E2.4B4 4BE9.720 4782032  3350.0240 108924.00
LUMBER DEMAND STARTING VALUES

28698563 T7O75.6464 10099.4801 11204.0053 3749.0430 11154.0181
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PLYWOOD SUPPLY EQUATIONS

-118164.4792 1.9885 20.5886
-151974.4715 10,7045 217.9148
-58534.5107 11.2238 2181315
-225686.7566 11.1675 2086711
-308655.9183 8.0867 85,7917
-521450.4822 09,6075 306.3367
PLYWOOD DEMAND EQUATIONS
340038.8474 L0000 1129010
2316406753 0000 -56.3961
543402.9341 0000 -421.4998
218041.384T D000 <27 B64T
2227254516 L0000 -51.2888
271838.7707 L0000 -28.7372
TARIFF COMPUTATION FLAG
0.0 0.0 0.0 0.0 0.0 0.0
PLYWOOD TRANSPORTATION COSTS
2410 2550 4990 6930 15660 16880 1000000
a820 7850 5570 8580 15540 16880 1000000
8850 E8560 8120 4330 13840 15180 1000000

15550 13100 13470 11130 7950 9250 1000000
18280 15470 15840 15100 10650 7250 1000000
15450 13030 13380 11450 5550 6440 1000000
PLYWOOD TARIFF RATES
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
PLYWOOD LOWER BOUND ON FLOWS

0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

i

0 0 Q 0 Q Q
0 1] 0 0 0 a
0 0 o 0 1] 0
0 o 0 0 o 1)
ﬂl ﬂ 0 0 0 0

0 i 0 0

LYWOQD LlF"FEF\'- BOLIND OM FLOWS

JEB 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0EE

DEE 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

MES 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

DEB 1.0E6 1.0E8 1.0E6 1.0E6 1.0E8E 1.0E6

1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6 1.0E6

1.0E6 1.0EB 1.0E8 1.0E6 1.0E6 1.0E6 1.0E6
PLYWOOD SUPPLY STARTING VALUES

9509.00 1115.00 915.00 1327.00 5115.00 1705.00 0.00
PLYWOOD SUPPLY MAXIMA

A0E+06 _10E+06 .10E+06 .10E+06 .10E+06 .10E+06 .10E+06
PLYWOOD DEMAND STARTING VALUES

22710000 2628.0000 10820000 4803.0000 2673.0000 6229.0000

—m s poOooOo0



Appendix 5:
REACTT Example
Output

Run 1 (No Tariffs)

This appendix is the output from two runs of REACTT. In both cases, the output option
chosen echos the problem data and reports only the final equilibrium solution.

The first run uses data as shown in appendix 4. The second run uses the same data,
except that a 3D-percent tariff is imposed by all markets on shipments of lumber (prod-

uct 1) from Canada (supply region CA).

LR 78 = 1977 8501010, 21.07.34. 2ZND SOUTHERN TIMBER SUPPLY STUDY RUN 8504721, 13.21.45. PAGE 1
NUMBEA OF SUPPLY AND DEMAND HREGIONS AND PRODUCTS, DUMP FLAG AND ACCURACY
T SUPPLY REGIONS
& DEMAMND REGIONS

2 PRODUCTS

DIAGHNOSTIC CUTPUT LEVEL

AEACTIVE PROGRAMMING ACCURACY =
000,

FLWSCL=
OBJSCL=-
BIG =
PRODUCT 1
W
WE
W
RM
SsC
5E
ca
PRODUCT 1
W
S
RK
NC
NE
50
PRODUCT 13
FLAG
PRODUCT 1
L
MW 4590.
5w 18820,
RK 16160,
NC 20880,
NE 348700
S0 29470,
PRODUCT 1
W
N D000
W 0000
RK L0000
HC .0000
NE 0000
S0 0000
PRODUCT 1
MW Q,
SW [+
Ak 0,
[ 0.
NE .
S0 0.
PRODUCT 1
Wl
W JID00E+T
oW ,10OD0E +07
Rk J000E«07
1 JA000E+0T
MNE J000E4OT
20 J1000E+O7
PRODULCT 1
W WE
TEES. 2427,
PACODUCT 1
WY
16, 2428,
PRODUCT 1
HwW S
2870, TOTE.

2

2000.000

004,
1000000000,
LUK LUMBER SUPPLY EQUATIONS
INTERCEFT LU COEFFICIENT PLY COEFFICIENT
-339669.337 56,800 2113
-133615.035 105,804 10,044
470226,352 126,308 130189
-530796.508 139,745 9.540
-481186.553 124.925 B.159
-314040.135 130.052 7308
3877009 8615 D00
Lum LUMEER DEMAMND EQUATIONS
INTERCEPT LUM  COEFFICIENT PFLY COEFFICIENT
483516.423 124,763 .,0oo
SI083.577 -55.141 000
484454 069 ~180.888 000
4BA194.653 -31,465 00
440538,719 <H0.5940 J0oo
403826.813 -31.609 000
LU LUMBER TARIFF COMPUTATION FLAGS
S = HK NC NE
o 1] [+ 0 o
LLIM LUMBEA TRAMNSPORTATION OOSTS
WE W Ar SC SE CA
5av0, 10480, 14580, 29610, 31920, 1071200
16520, 11720, 18050, 29400, 31830, T AL
14430, 170490, 9110, 26180, 28710, 16610
27550, 28330, 23430, 15160, 17470, 27250,
32880, 33300 37T, 20060, 13520, 31250,
27520, 26150, 24104, 9560, 10930, 30050,
LU LUMBER TARIFF RATES
WE 5w RAM B0 SE CA
Lus LUMBER LOWER BOUND ON FLOWS
'WE W RM =0 SE CA
o i R 0. o [ 0,
o, o 0. aQ, [ Q.
0. 0. 0. 0. o, 0,
o 0, o 0. 0. 0.
0. 0. 13 0. 0. Q,
o, 0. o a. o. 0.
LimA LUMBER WUPPER BOUND ON FLOWS
WE = Ak 2 SE CA
LIDDOE+0T  I0D0E+DT  I0O0E+07T  I000E+07  1000E«07  1000E+DT
J000ESO7  IDDDE+DT  W000E407  1000E+07  I0ODE+07  10DOEsO7
AODDE+07  A000E+OF  I000E+DT  1000E+07  1000E«OF  1000E+O7
JA000E+OTF A000E+07 O00E+HOT J000E+OF SAGO0E+OT ADD0E+OT
J000E+07  ADDDE+OT  I0ODOE+D7  1000E+O7  1000E+07  CT000E+OT
J000E+07  I000E+07  IDDOE+07  10O0E+OF  I000E+O7  1000E+07
LU LUMSBEA SUPPLY STARTING VALUES
5 Z10) 5C SE CA
4961, 4574, 4533, 3358, 10429,
LUK LUMBER SUPPLY MAXIMA
5w A sC SE CA
4563, AETO, 4782, 3358, 10924,
LLInA LUMBER DEMAND STARTING VALUES
RK NC WE S50

19499,

11204,

ar4g.

11154,
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LR 28 — 1977 A501/10.

2107.34. 2ND SOUTHERN TIMBER SUPPLY STUDY AUM

PRODUCT 2 PLY PLYWOOD SUPPLY EQUATIONS
INTERCEFT LUM COEFFICIENT PLY COEFFICIENT
-118164.479 1.988 20.988
=151974.472 10,705 27815
-58534.511 11.224 218,132
-2258086.760 11.168 208,671
-30B655.918 8.097 63,792
-521450.482 9.608 06337
i i 000 000
PRODUCT 2 LY PLYWOOD DEMAND EQUATIONS
INTERCEFT LUM  COEFFICIENT PLY COEFFICIENT
340038847 000 =112.901
2316400675 000 <55, ¥
543403934 000 ~-421.500
216041385 J000 <27 .555
22ITESAT2 D00 512599
27838, D00 29737
PRODUCT 2 PLY TARIFF COMPUTATION FLAG
L SW AK NC
4] a [+] 1]
PFRODUCT 2 PLY PLYWOOD TRANSPORTATION COSTS
W WE W AM 2C SE
2410, 2550. 4980, G830, 15660, 16830.
aa20, Tas0. 5570, BSE0, 15540, 16880,
8330, Gac0, 8120, 4330, 13840, 15180,
15550, 13100, 13470, 11130 o8, 8250,
18280, 15470, 15840 15700, 10650, T250.
15450. 13030, 13380. 11450, 5550, G,
PRODUCT 2 FLY PLYWOOD TARIFF RATES
WA WE oW Rk 5C SE
0000 0000 0000 000 0000 0000
PRODUCT 2 ALY PLYWOOD LOWER BOUND ON FLOWS
W WE W RN 5C SE
Q. 0. i} 0. 0, n,
o 0. 1} 0. 0. R
Q. 0. 13 0. 0. .
o, 0, 1 8 0. 0. o,
1) 0. 13 0. a. 0.
o o, o, 0. 0. 0.
FRODUCT 2 PLY PLY'WOOD UPPER BOUND OMW FLOW
W WE SW R = SE
T000EHDT 1000E+07  1000E#DT  1000E40F  1000E+0F  N000E+OF
SOO0EHDT A000E+DT  DD0EDT  000E+OT  I000E+0T7  I000E+0T
J1000E+0T T0D0E+DT S000EHNT A000EHIT LA000EHIT JAD0DE+DT
SDO0E+OT 1000E+07  1000E#DT  1000E+07  1000E0F  N000E+O7
JACDOEHDY  DDDE+DT  ID0OEHDT  A000EHDT  O000E+07  AODDE+DT
S000EH0T J1000E+0F  1000EHDT 1000E+07  1000E+407  A0DOE+O7
PRODUCT 2 PLY PLYWOOD SUPPLY STARTING WALUES
WW WE W A 5C SE CA
8508, 1118, 8. 1327, 5115, 1705, 0.
PRODUCT 2 PLY PLYWOOD SUPPLY  MAKIMA
W WE 50 AM sC SE CA
100000, 100000, OO0, 100000, 100000, 100000, 100000,
PRODUCT 2 PLY PLYWOOD DEMAND STARTING VALUES
MW W RK MNEC MNE S50
2271, i 1082, 4803, 2673, &9,

BE/D4/21 13.27.45,

o coooreg BEEEEE, HEEBEE, o7
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LA 28 - 1977 50, 20734, 2MD SOUTHERM TIMBER SUPPLY STUDY RUN 6D, 132145, PAGE 3 REACTT
FINAL REPORT OusF 2 LP ITERATIONS 2 TOTAL AP ITERATIONS 11
ACCURACY 2000.000 SCALE FACTOAS FLWSCL, OBJSCL, AND BlG 1000, 10000 1000000000,
COMMODITY  LUM

PRODUCING REGION SUMMARY

KA, Q. QUANTITY SUPPLY IMPLUCIT PRODUCER
IDENT. SUPPLIED SUPPLIED FRICE SUFPLY PRICE REVENUE
oy B116,1660 76846730 115179.7144 116554.6112 BA5141477.54
WE 24275520 2ETA.4TI0 1166869547 117129.3365 265401327.91
W 4862.4840 45785150 1227353551 121654.6112 561554533,50
Am 4BE2,7200 S457 4520 116769.6385 120542.3365 53007 3052.36
st 4T82.0320 46676500 1356039533 135085.3365 §32551835,11
SE 3359.,0240 3325.4530 1322067506 130330.2226 43964733532
A 10824.0000 10923,9950 T98E.2477 113755.7185 1070401671.73
ALL I7042.6150 4388511343.47
MARKET  SUMMARY
QUANTITY MARKET CONSUMER TARIFF
IDENT, CEMANDED FAICE BUTLAY COLLECTED
WY 2914.1860 1200317354 3437EE301.46 i
S 72121030 1333746712 85151143376 00
Rk, 1971,4650 1278797727 252111007.64 00
NG 110340960 141005.7185 1555870633,93 00
ME 3764, 2450 1430855, 2226 541521353,38 00
50 110467040 144649,3363 1507E38404,37 .00
ALL 37942.8150 5259109140.57
TRADE FLOWS AND OPFORTUNITY COSTS
QUANTITY OPPORTUNITY TRANSFER SHIPFING TARIFF
SOURACE DESTINATION SHIFPED CosT COST CosT cosT
W MW 29141580 262.0410 4580,00 13376168.82 A0
W W 26331880 13748966 16820.00 44290272 16 .00
W Rk D000 -3459.907 1616000 o0 .00
YW NC 0000 -3833,9860 23660,00 .00 .00
W NE 0000 £190.4318 34870.00 .00 00
WA 50 21374670 -.3778 25470.00 BESE1T41.88 .00
WE NW 0000 -2025.1393 537000 .00 00
WE W 0000 1676565 16520.00 .00 a0
WE Ak 0000 -3237.1820 14430.00 00 0
WE NC 000D -3231.2362 27550.00 .00 00
WE ME . -5377.T321 32550.00 i 0
WE 50 2274.4730 447.3818 27T520.00 BR553456,56 00
sw W 0000 31935737 10480.00 00 00
5W W 4576,5150 -1080.7179 11720.00 5366438380 00
SW RAK 0000 -11845.5564 17080.00 00 i)
5W HE 0000 -10058.5107 2033000 0 00
W NE 0000 =-12166. 1065 33310.00 00 o0
sW 50 000 6235,9926 2815000 00 200
AN MW 0000 -13327,8832 14580,00 00 .00
AM SW 000 34480274 18050,00 00 .00
RM Rk 1571.4650 1349 5110.00 1PIG0082.55 .00
A NG 5486830 -1193.9202 2343000 12860489, 27 .00
Rt NE 0000 -E580,4160 FTT0.00 00 .00
RM 50 19670940 1779,6979 24100.00 4740696540 .00
5C W 0000 -45182.2079 2561000 00 .00
5C W 0000 -31629,3520 25400.00 o0 .00
FK 000G -33304,1305 25180.00 00 .00
5C NC 0000 -G758.2048 15160.00 00 .00
5C NE 0000 -11804,7407 20060.00 00 .00
&sC S0 AEET. 6500 5148367 956000 52273400 .00
52 W 0000 -44054.9952 31520.00 00 .00
SE SW D00 -30752.1393 A1920.00 .00 .00
SE AK OO0 -33036.9779 2ET10.00 200 .00
sE NE 0000 -BE71.0321 1T470.00 00 .00
SE MNE 3325.4530 -1857.5280 13520.00 A4360124.56 .00
SE S0 000D 15125855 10830.00 00 .00
CA NW 0000 119255077 10120.00 .00 .00
CA W 0000 15858, 3635 1G720.00 00 .00
CA A 0000 11083,5250 18810,00 o0 .00
CA NE 10465.2070 15769.4708 27ES0.00  PBSTZIES0TS .00
CA NE 438.7920 146225749 31250.00 13712250.00 .00
) s0 0000 16612.0888 30050.00 o0 .00
ALL 3ITD42.8150 TO4161030.20

25
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LA 28 - 1977 850100 21.07.34. ZND SOUTHERN TIMBER SUPPLY STUDY RUM
FINAL REPORT DUMP
ACCURACY 2000,000
COMMODITY PLY

PRODUCING HAEGION SUMMARY

IDENT.
W
WE
W
A

SC

SE

CA

ALL
MARKET SUMMARY

IDEMT.
HW
W
AK

NG

HE

S0

ALL

TRADE FLOWS AND OPPORTUMITY COSTS

SOURCE DESTINATION

90pRoRRRRERarenene R RRRLYE R sSEsERTES2E2

F

2 LP ITERATIONS

SCALE FACTORS FLWSCL OBJSCL. AND BIG

2

MAx O QUANTITY SUPPLY
SUPPLIED SUPPLIED PRICE
100000.0000 BEE5. 1540 TO406.2436
FO00DD. 0000 S61. 1330 BET.ETI
1000000000 418, 7450 B4200.5734
100000.0000 1254. 3380 B5ET0.TT24
00000, 0000 S4G9, 4440 BAGE0.6358
100000, 0000 168634950 Bra82 4324
000, 0000 000 0000
186723130
QUANTITY MARKET COMSUMER
DEMANDED FRICE OUTLAY
2280,3050 B2522.53520 188225736.51
25174250 BOGET.TZA3 22573176022
1075, 2080 90202977 SE966962.85
4358.5290 96552.2817 421000:260.85
24789.0190 5554 TEIT ZIGBE 508
5961.2270 94568.5712 55374471072
18872.3130 1732571493.02
QLANTITY OPPORTUNITY TRANSFER
SHIFPED COST COST
WY 2280,3050 06,1484 2410.00
5w 20886760 14414757 2320.00
RK 0000 19067336 2890.00
NG 3813.7900 1636.0381 15550.00
NE L0000 -2131.4518 18380.00
50 431.7830 -287 E724 15450.00
MW 0000 =1845.2791 2550.00
W L0000 iy T850.00
Ak 20000 15253060 EB860.00
NC 65,5050 16T4.610% 13100.00
NE 595.5240 -1TER9154 15470.00
50 J00aa 2791000 13030.00
HW 000 -GEG0.58T4 4550.00
W 418.7430 =103, 2561 a570.00
Ak J0000 21180022 8120.00
NC 0000 -1078.6977 1447000
NE 0000 4466, 2277 1564000
=0 D000 -301 2. 4082 13380.00
W 0000 -1037E.3604 G930.00
W D000 =4883.0487 B580.00
RK 1075, 2080 97,7952 4330.00
NE 17461300 -508.4807 11130.00
NE J000a -3516.0207 15100.00
50 JO00a -2852.2012 11450,00
N D000 =23116.2438 15660.00
W 0000 -14352.9126 15540.,00
RE L0000 12617 6567 136840.00
NG L0000 -378.3541 F990.00
NE 0000 -A075.8841 A0650.00
50 5469, 4440 75353 §550.00
W L0000 -21840,0404 1G8E60.00
W 0000 =14594.7091 16660.00
R Q000 =12458.4552 15180.00
NC D000 -140,1507 925000
WE 1843, 4850 8223183 T250.00
50 L0000 546,1388 5440.00
W L0000 “B17477 6060 1000000.00
W 0000 910332, 2767 000000.00
K L0000 -00a7ar.0228 1000000.00
NG D000 8034077183 T000000,00
NE L0000 004445 2483 1000000,00
50 0000 -005431. 4288 1000000.00
186723130

1.

13.21.45. PAGE 4 RHEACTT

TOTAL AP ITERATIONS ™M

IMPLCIT

SUPPLY PRICE
B1042 2817
B3452. 2017
BA0aT.TE33
B5a72.87M
&a0n8.5712
BE304. 7517
Riin)

SHIPFING
CosT

49558105
18510322.32
i i)
59304434, 50
Ee i)
ToOBD4T.35

30355414,

&
% BBEBEBBuBsRENBEEREEE

157904571,

1000,

1000, 1000000000,

PRODUCER

REVEMNUE
BESES55453.97
TOEATEGES. T
3525907591
10F836406.70
A00ETA604.64
16477ITE23.97
.0a

1562835092869

8288k2B85R2ER=E8:5Ba kB BaEBBBBBRBBRRREEE



Run 2 (30 Percent Tariff
on Shipments From
Canada)

LR oA — 1977 BRO1/10. 21.07.34. 30% TARIFF ON SHIPFMENTS FROM CAMNADA
HUMESR OF SUPPLY AND DEMAND REGIONS AND PRODUCTS, DUMP FLAG AND ACCURACY

7 SUPPLY REGIONS

6 DEMAND REGHKNS

2 PRODUCTS

CIAGHOSTIC QUTPUT LEVEL

2

AEACTIVE PAOGRAMMING ACCURACY = 2000.000

FLWSCL= 1000,
CAUSCL= 10040,
BIG - 1000000000,
PRODUCT 1 LLIBA LUMEER SUPPLY BOUATIONS
INTERCEFT LuUM COEFRCIENT PLY COEFFICIENT
ww -1396659.337 56.600 2113
WE =133815.035 105,804 10.044
) -4TD226.352 126,308 13.019
Ak -520796.508 139,745 9.240
aC -481186.553 124,525 6.153
SE -314040.135 130.052 7.308
CA 3877080 B.815 2000
PRODUCT 1 LuUmM LUMBER DEMAND EQUATIONS
INTERCEPT LUM COEFFICIENT PLY COEFFICIENT
MW 483616.423 -124.T63 000
SW 53052.577 55141 .0oa
Rk 4B1494.069 ~180.688 Jaon
MNC 400184.653 =31.465 oo
MNE 448538.713 00,940 000
20 483826.813 -31.609 000
PRODUCT 1 LUK LUMBER TARIFF COMPUTATION FLAGS
MW 5w RK HNC
FLAG 0 4] 0 o
FRODUCT 1 LumM LUMBER TRANSPORTATION COSTS
W WE W R 5C SE
MW 4500, 3370, 10490, 14530, 29610, 31920,
3w 16820, 16520, 11720, 18050, 23400, Ig20,
FRIK. 16160, 14430, 170a0. a110. 26180, 28710,
MC 25660, 2rs50. 28330, 23430, 15160, 17470,
MNE 24370, 32550, 33310, 31T 20050, 13520,
=0 23470, 2750 28150, 24700, 9560, 10830
PRODUCT 1 LumM LUMBER TARIFF HRATES
W WE W R SC SE
S 0000 0000 0000 JO000 0000 0000
RE 0000 D000 0000 L0000 0000 0000
NC D000 0000 0000 .0000 0000 0000
MNE D000 ] 0000 L0000 Q000 000
PRODUCT 1 LuM LUMBER LOWER BOUND ON FLOWS
W WE 5W M = 5E
W 0. ) 0, o Qo Q
W 0. Q. 0. [+ 0, o
RK 0, o 0. o, 0. 0.
] o 0, 0. 0. 0, 0.
NE 0, 0. 0. 0, 0. 0.
50 0. 0. 0. 0. Q. 0.
PRODUCT 1 LU LUMBER UFPER BOUND ON FLOWS
W WE 5w A SC SE
W JDDOESDT  I000E+DT  1000E+07  M000E<O07  IOO0E+OT A000E+07
oW JD0DDE+OT  I0D0E+07  I000E+07  (1000EHD7  .T00DE+O7 TO00E+OT
R ADODE+0T  I000E+0F  IOO0E+D7  I0OOE+D7T  JI00OE+OT  T000EHDT
MC JA0O0E407  J1000E+07  IQ0OE+D7  1000E+07  I000E+O0T  .1000E+07
HE AODOE40T  JI000E+07  JDDOE+07  J1000E407  L1000EHDT  1000E+07
50 CO00E+0T  IDD0EHOT  1000E+07  JIODOEHDT  IDDOEHOT  I000EDT
FRODUCT 1 LU LUMBER SUPPLY STARTING VALUES
W WE S RM 5C SE CA
TEES. 2427, 4861, 4574, 4833, 3358, 10425,
PRODUCT 1 LuUM LUMBER SUPPLY NAXIMA
W WE S AM st SE CA,
5116, 2428, AS62. 4670, 4T, 3353, 10824,
PRODUCT 1 LU LUMBER DEMAND STARTING WALUES
N L AK NC MNE S0
2670, TO76. 1949, 11204, Ar40. 11154,

BE4/2Y.

13.32.21.

PAGE 1 REACTT
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LR

1977 8501M0. 21.07.34. 30% TARIFF ON SHIPMENTS FROM CAMNADA
PRODUCT 2 PLY PLYWOOD SUPPLY EQUATIONS
INTERCEFT LUM  COEFFICIENT PLY COEFFICIENT

118164479 1.989 20.989
151974472 10,705 217915
58534511 11.224 Ha132
-FISARE.TED 11,168 208.671
-H08E55.918 B.0a7 65,792
-5E1450,482 9,608 306.337
[00a 000

oo
FROOUCT 2 PLY PLYWOOD DEMAND EQUATIONS
INTERCEFT LUM COEFFICIENT PLY COEFFICIENT

340038.847 D00 ~112.901
231640675 J000 -55_ 385
543402 834 SO0 ~421.500
216041385 D0 -27.BES
22275452 00 -51.255
ITA38TTY 000 28737
PRODUCT 2 PLY TARIFF COMPUTATION FLAG
W SW Ak NC
1] 1] 0 i]
FRODUCT 2 PLY PLYWOOD TRANSPORTATION COSTS
W WE SW AM st SE
2410, 2550, 4990, B0, 15680, 16880,
8az20. 7850. 5570 B5&0. 15540, 16880,
8a50. G860, 8120, 4330, 13840, 15180,
13550, 13100, 13470, 11130, Taa0. 8250,
18380, 15470, 15840, 15100, 0650, T250.
15450, 13030, 13380, 11450, 5550, B
PRODUCT 2 PLY PLYWOOD TARIFF RATES
W 'WE W SC SE
0000 0000 0000 0000 J0000 L0000
FRODUCT 2 PLY PLYWOOD LOWER BOUND ON FLOWS
W WE W A SC 5E
1] 0. ] 0. 0 Q.
0. 0. 0. 0. 0. o
0 19 0. 0. Q. Q.
13 0. 0. 0. 0. o
13 [+ 0. o, Q. Q.
Q. Qo 0. a. 0. [+
PRODUCT 2 PLY FLYWOOD UPPER BOUMD ON FLOWS
L) WE S 2l 50 SE

C0O0E+HIT A000EH0T  1000E40T  J1000E407  NI000E+OT  1000E+OT
S000E+OT J000EHDT  T000E+QT  I000E+Q7 L I000E+0T  1DOD0E+OT
AO00EHIT ADDDE#DT  I0D0E+DT  1000E+07  1000E«07  1000E«O7
S1000E+0T SA000EHDT  0DOEHDT  000EHOT  I000E+DT  1000E+OT
J000EHT JOD0E+D7T  10D0E+D7  JI000E+D7 I000E+O0F  V00OEsO7
1000E+OT JA0DOE#OT  1000E+OF  1000E+0F  000E+OT  1000E+OT
PRODUCT 2 PLY PLYWOOD SUPPLY STARTING WALUES

W WE W AM SC SE cA
500, 1115 15 1327, 5115, 1705, 0.

PRODUCT 2 PLY PLYWOOD SUPPLY MANIMA

W WE SW Al 5C SE CA

100000, 100000, 100000, 100000, 100000. 100000, 100000,
PROOUCT 2 PLY PLYWOOD DEMAND STARTING VALUES
W 5W RE NC NE 50
2271. 2628, 1082 4803, 2673 G228,

86/D4/21.

JO00E+0T
SDDOESDT
J000E«07
J000E+0T
J000E+07
J000E+0T

13.32.21.

FRAGE 2 REACTT



LA 26 — 1877 ASAO1M0. 21.07.3. 30% TARIFF ON SHIPMENTS FRAOM CANADA BEMOMF2T. 1332221, PAGE 3 REACTT
FMAL HEPORT DumFp 2 LF ITERATIONS 2 TOTAL RP ITERATIONS 11
ACCURACY 2000000 SCALE FACTORS FLWSCL, OBJSCL, AND RBIG 000, 100D, 1000000000
COMMODITY  LUM
PRODUCING REGION SUMMARY
MAX. QUANTITY SUPPLY IMPLICIT PRODLUCER
IDENT. SUPPLIED SUPPLIED PRICE SUPPLY PRICE REVEMUIE
W B1716.1880 Trr4.an00 T20286.7405 127168456076 QASTEITEA 51
WE 242T.5520 2315.4540 120573.7538 1214667153 280714000.65
W 4052 4840 AE22 4200 126313.2089 1267846076 5893117547.53
AmM 5587200 4524, BER0 T235979.0615 1248887153 560091431 60
SC 4TE2.0320 4T00.8580 1387540445 139425. 7183 G56096 3538 52
5E 33568.0240 J358.0240 TIG585.6358 1A5482.5603 ASET40583.45
CA 10924.0000 10108, TRSD B0oT1.6663 82132.7535 91370601565
ALL AT407, 3650 440538716 TS
MARKET SUMMARY
QUANTITY MARKET COMSUMER TARIFF
IDEMT. DEMANDED PFRICE OuTLAY COLLECTED
W 2681.8550 124054, 45352 A5TE19472.84 oo
Sy T115.0660 1385045076 BAA023T20.15 .00
R 1422370 1IIET. 4750 250642004 95 00
NC 10853,9410 146674.3135 1591994 34539 266585933.61
WE 3T00.TO0D 145002.5803 551413848595 f324a71.08
50 S0, 4850 148588,7193 1EZ53EEITIED ni i
ALL AT407.36860 SATOMEISTIAT
TRADE FLOWS AND OPPORTUMNITY COSTS
QUANTITY OPPORTUMNITY TRANSFER SHIPPING TARIFF
SOURCE DESTINATION SHIFPED COsT COsT COST COST
W W 2661.89550 55922453 4590.00 12228173.45 00
W W 24866480 13278671 16820.00 41993619.36 oo
W RE L0000 3345, 2615 1E1E0.00 00 00
WwWw NC 0000 33424270 2955000 04 .00
WW ME 0000 -£224, 1802 3487000 00 L0
W 50 2358, 3150 000212 28470.00 TOG19403.05 .0a
WE Ny 0000 2205, 2504 BAT0.00 L0 00
WE 5w 0000 10106540 TESZ0.00 .00 .0d
WE K L0000 2235, 2745 44 30,00 L0 Bii
WE MC 0000 -1645, 4401 27550.00 00 00
'WE HNE 0000 -4521.1733 32550.00 Rl 0D
WE 50 35,4540 492 9657 27520.00 BITZII54.88 SO
SwW MW 0000 14748, 7147 A0480.00 0D
SW 5w A5 42300 =1528,6023 172000 S41T4TER.AD b
SW RK 0000 -12235.7308 A7080.00 S0 Jo0
W HC 000 ~SE6H, 8564 20330.00 00 00
SwW NE L0000 -12820.6296 33310.00 J00 Joo
W 80 D000 ~T4TE. 4906 28150.00 Jon o0
ikt MW D000 =14514, 5663 14550.00 Jo0 Jon
Rl W D000 -3524.4539 18050.00 .00 -oo
Rfd AK 18422370 THA1TS §110.00 1TESITTH.O07 Ri ]
1] NC J0ME.B320 =T34, 7480 23430.00 25441043, 7B .oo
Fihd WE 000D -ET45.4812 37000 oa Jon
Rfd 0 1486.8200 20T.E5TE 247100,00 JE0TIA62.00 .00
5C W L0000 -A5E09.5433 20610.00 .00 .00
50 W .0oon -30649_ 43589 25400.00 .0a .00
sC 218 000 ~32TEE 5655 26180.,00 00 .0a
=T W 0000 -A233.7310 15160.00 00 i 1]
5C NE 000 1087114642 20080,00 i i} .00
sC 50 47008560 -327.3252 8580.00 44040183.36 00
5E NW 0000 =444 35,1403 A1920.00 [y 00
5E oW Jog00 ~F9985.02T8 31820.00 S0 s o
SE Rk 0000 <32112.1565 28710.00 S0 L]
SE NC J000a =T3685.3220 A7470.00 iy o0
5E NE 33550240 -1087.0552 13520,00 4547400448 00
SE 50 D00 1487.0838 10630.00 oo 00
CA HW 0000 =4326.9318 020,00 o0 oa
CA SwW D000 5. 1806 1572000 oo 00
A K o000 3305 9430 1881000 00 .00
CA NC STER, 1080 11608855 2725000 286180970,25 PEESBE933.67
CA MHE 3416760 -S10.B46T 31250.00 T0ETTATH.00 S324071.08
A 50 0000 6732023 30050.00 00 0
ALL 37407.3860 BO0153071.06

29
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LR Mo~ 1977 851110, M0T.34. 30% TARIFF ON SHIPMENTS FROM CANADA

FINAL REPORT

DUMP

ACCURACY 2000.000

COMMODITY PLY

PRODUCING REGION SUMMARY

IDENT.
W
WE
5w
A
sC

5E

ALL

8
R

CpeeenERERERLLsasesE2222353353

PERECCRR

2

SCALE FACTORS FLWSCL,

LF ITERATHONS

2

MAX, Q. QUANTITY SUPPLY
SUPPLIED SUPPLIED PARICE
1000000000 BT14.6780 Bla04.5623
1000000000 A58.8130 B1057.4529
100000.0000 418.4350 B4EZ0.87E1
100000,0000 1252.1050 BSEXI035T
100000,0000 5458.7510 B9265 6832
1000000000 1883,0860 BTETI. 4626
100000.0000 . 0000
185938680
QUANTITY MARKET CONSUMER
DEMANDED PRICE QUTLAY
22737110 B3334.6018 168473800.77
2517.7040 BOES51.9487 225T1TIT0.67
10785440 BETHE.A538 95771313.89
43819730 955390216 42040230250
24593720 GE5ET. 7491 ZAT4ME361.53
S502.6540 93931.0048 SE1958179.34
16693, 8680 1730614026.70
TRADE FLOWS AND OPPORTUNITY COSTS
QUANTITY OPPOATUNITY THRANSFER
DESTINATION SHIFPED COST COsT
W 28737110 7196325 2410.00
W 206592690 G2T.0265 BEA0.00
Ak 0000 -298.1085 BES0.00
NC 3828.7850 184.0534 15EE0.00
NE 000 18172151 16280.00
50 5129130 -1T23.8675 15450.00
M 0000 =312.8511 2550000
S 0000 704.4053 TB50.00
RK 0000 838,3610 GEED,00
MC 3786270 1741.5268 13100.00
NE 576.1860 2563 15470.00
50 0000 =198,3981 13030.00
Nw .0000 GETE.ETAS 4990.00
aw 418.4350 -538.8473 5570.00
Ak 0000 -¥344.0223 8120.00
NC 000 «2151.8544 134T0.00
NE 0000 -38593.1270 15840.00
50 0000 -4069.7813 13380.00
1 0000 -3518.4338 6530,00
W 000 ~4851.0470 8580.00
AK 1078.5440 -1456.1819 432000
NEC 1735810 1140041 11130.00
NE J0ao0 ~4455._2066 1E100.00
50 0000 -3441.9409 11450.00
W J0000 -21595.0874 15660.00
W J0000 =15157.7004 15540.00
RE D000 -14312.8353 13840.00
NC 000 =1 3206675 T930.00
MNE 000 -3351.9400 10250.00
0 545697510 558 5044 5550.00
W 0000 -21224.6608 16830.00
W J0000 -14907.4738 16880.00
i J0000 -14062.6088 15180.00
NC 0000 2004409 2250.00
MNE 1883.0860 1638, 2865 T250.00
50 D000 -168.3678 Ba440.00
W L0000 166653082 A000000.00
=1 L0000 -010348.07113 1000000.00
AK D00 8112031462 000000.00
[ 0000 -a04060.9784 000000.00
HE 0000 -0034332. 2508 T000000.00
50 0000 -306060.5052 1000000,00
18693.8660

I
E

OBJSCL, AND BIGE

850421, 13.32.21. PAGE 4 REACTT
TOTAL AP ITERATIONS 11

SHIFFING
COsT

S4TOE42.51
18515552.58

00
ES53TEDE. TS

.00
487311370
E913597.42

00

A0
233068295

1000,

1000, 1000000000,

PROOUCER

AEVEMUE
BS8360420.12
Tr514037.93
J5408336.29
10T5A4662.64
A0E302571.34
1BS107366,.48
00

1572658397.00

2R2BBRBERA
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Appendix 6:
Subroutine REACT

A complete listing of all subroutines in REACTT is over 2,000 lines; rather than
append the entire program, we include here only subroutine REACT. This subroutine
displays the detailed reactive programming computations outlined in equations
(14-20). Users interested in modifying REACTT to incorporate different or mixed
functional forms (for example) can examine this subroutine to get an idea of how they
might proceed. A full listing of REACTT is available from the authors.

1 SUBROUTINE REACT

2 G

3 PARAMETER (MAXREG=20, MAXPRO=5)

4 COMMON / PARAM ¢ NSLIP, NDEM, NPROD, NPAGE, NLIN, LINKMAX,

5 2 DUMP, RUNERR, EPS, MAXIT

& INTEGER DUMP, RUNERR

7 ¢

8 COMMON / ALPHA / TITLE, RDATE, RTIME, REGSUF{MAXREG),

9 2 REGDEM{MAXREG), PROD(MAXPRO)

10 CHARACTER *80 TITLE

11 CHARACTER *10 RDATE, RTIME

12 CHARACTER *2 REGSUP, REGDEM

13 CHARACTER *3 PROD

14 C

15 COMMON / RPCOM / ACCR,SUPPLY(MAXPRO+1,MAXREG, MAXPRO),

16 2 DEMAND({MAXPRO+1,MAXREG,MAXPRO), PA{MAXREG, MAXPRO),
17 3 PT(MAXREG,MAXPRO), PC(MAXREG,MAXPRO), X(MAXREG, MAXPRO),
18 4 TC(MAXREG,MAXREG,MAXPRO), UUU(MAXREG,MAXREG, MAXPRO),
19 5 LLL{MAXREG,MAXREG, MAXPRO), Q{MAXREG MAXREG, MAXPRO),
20 6 C{MAXREG,MAXPRO), P(MAXRE G MAXPRO), FLWSCL, OBJSCL, BIG,
21 7 TARIFF(MAXREG, MAXREG MAXPRO), TFLAG(MAXREG)

22 REAL LLL

23 INTEGER TFLAG, BIG

24 C

25 COMMON 7 REACTF / RIMAXREG MAXPRO), S{MAXREG,MAXPRQO),

26 1 PREV(MAXREG), IFAS(MAXREG,MAXPRO), IX(MAXREG, MAXPRO),
27 2 NOLD, NRPIT, NLPIT, JX(MAXREG,MAXPRO), ISP SMAXREG,MAXPRO)
28 REAL ISP

29 INTEGER PRINTS, FINIS, SKIP

30 CHARACTER *130 DESC, DTWO

B1 o o o o o o e o e e o e e e e e o e e
32 C THE REACTIVE PROGRAMMING ALGORITHM WAS FIRST DESCRIBED BY

33 ¢ TRAMEL AND SEALE (1959), AND DESGRIBED IN MORE DETAIL BY TRAMEL

34 C (1965). THIS CODE IS BASED ON THE ‘TRAMEL / NCSU' PROG. PUBLISHED BY

35 C KING AND HO (1972). J. ARTHUR AND B. McCARL EXPANDED THE CODE TO

36 € ACCOMMODATE PRODUCTS AND SUBSTITUTED ‘NETFLO' FOR THE ORIGINAL

37 € TRANSPORTATION PROBLEM SUBROUTINE. FURTHER REVISIONS TO THE

38 C CODE WERE MADE BY J. KINCAID AND D. BROOKS. LAST REV. FEB. 1986.

T e T e e e e e e e e e e P e e e e e
40 NOLD=0

41 PRINTS=10

42 ITEST=4

43 FINIS=5

4 C

45 DO 10 I=1,MAXREG

46 DO 10 J=1,MAXPRO
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101

103
104
105

20

25

26

27

a5

6010

40

IX{1,J)=0
JX(1,J)=0
IFAS{],J)=0
P(lJ)=0.0
A(l,J)=0.0
G{1.J)=0.0
5(1.J)=0.0
ISP(l,J}=0.0
CONTINUE

DO 25 |=1,NSUP
OO 25 K=1,NPRCOD

1X(1,K)=1

DO 20 J=2,NPROD+1
IF(ABS{SUPPLY(J,|,K)) .GT. EPS) GO TO 25
CONTINUE

1X(1,K)=0

CONTINUE

DO 27 K=1,NPROD

DO 27 J=1,NDEM

JX(J, K)=1

DO 26 I=2,NPROD+1

IF(ABS(DEMANDY{I,J,K}) .GT. EPS) GO TO 27
CONTINUE

JX(J,K)=0

CONTINUE

DO 40 K=1,NPROD

SUPMAX=PT(1,K}

INDEX=1

SUPTOT=0.0

DEMTOT=0.0

DO 30 I=1,NSUP

PA(LK)=PT(1,K)

IF(PA(1K) .GT. SUPMAX) THEN
INDEX=I
SUPMAX=PA(l,K)
ENDIF

SUPTOT=SUPTOT+PA(IK)

CONTINUE

DO 35 Ju1,NDEM

DEMTOT=DEMTOT+X(J,K)

CONTINUE

DIF=DEMTOT-SUPTOT

IF(ABS{DIF) .LT. .001) GO TO 0

OLD=PA{INDEX K)

PA(INDEX K)=OLD+DIF

PT(INDEX,K)=PA(INDEX, K}

IF(DUMP .GE. 1) WRITE(2,6010) K,PROD(K),INDEX,REGSUP(INDEX),
OLD, DIF, PA[INDEX,K)

FORMAT(" ** WARNING IN REACT FOR PRODUCT' 12, 1X,A3,
* REGION *I2,1X A2 ALLOGATION ', F12.3,CHANGED BY °,
F12.3’ TO \F12.3)

CONTINUE

NRPIT=0
NLPIT=0
DO 49 K=1NPROD
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115
116
117
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119 ©C
120
121
122
123
124
125
126
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128
1249
130
131 C
132 G
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
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149 G
150
151
152
153
154
155
156 G
157
158
158
160
161
162
163
164
165
1686 C

48

49

a0

81

BS

By
BB

a8

100

102

104
105
108
107
108

114

116

122

DO 48 =1, NSUP
IFAS(LK)=0
Sl K)=PA[LK)
DO 49 J=1 NDEM
R{J K)=X(J.K)
BEGIN BY SOLVING NETWORK ALLOCATION PROBLEM

GO TO 400
IF(MOD{NRPIT,ITEST).EQ.0) THEN

DO 81 K=1,NPROD

DO 81 I=1,NSUP
IFAS(|,K)=0
CONTINUE
ENDIF
START REACTIVE PROGRAMMING ALGORITHM
NRPIT=NRPIT+1
FINIS=0

DO 225 K=1,NPRCOD
DO 225 =1, NSUP
DO 85 J=1 NDEM
RiJ,K)=0.
S(JK)=0.
IF({PTIil,K))&8 87,88
IF(IX(LK) EQ. 0) GO TO 225
CONTINUE
IF{IFAS(| K))225,93 225
CALGULATE TOTAL NET REVENUE (SUM), TOTAL SHIPMENTS (CNT) AND
AVERAGE NET REVENUE
COST=C(l,K)
SUM=0.0
CNT=0.0
0O 100 J=1 NDEM
IF(C).J, K)j9e, 100,98
IF(TFLAG(J) .GE. 1) THEN
SUM=SUM«{P{J K)HCOST+TC{LJ K {1.0+ TARIFF{I.J K})*
QilLJK)
ELSE
SUM=SUM+PJK}-COST* 1.0+ TARIFF{1,J K))-TC{1LJ, K) G4 K)
ENDIF
CNT=CNT+Q{l,J.K)
CONTINUE
FROT=CMNT
IF(CNT)102,107,102
AVPN=SUM/CNT
AVPN REMAINS = 0 ONLY WHEN PT = PC (PRODUCTION ATCAPACITY)
IF{AVPN)107,107,104
IF{IX(1KY) 106,105,106
IF{CHNT-0.95993 PT( K)) 107,108,108
IF{PC{l K)=1.001°PT(LK}) 108,108,107
AVPN=0.0
SKIP=0
DEFINE SLOPE OF PRICE-DEPENDENT SUPPLY EQUATION (SLOPS)
IF(IX( K) .EQ. 0) THEN
SLOPS=0.0
GOTO 123
ENDIF
IF(PT(1.K) .GE. PC(I.K)) THEN
SLOPS=0.0
GOTO 123
ENDIF
SLOPS=SUPPLY(K+1..K)
CALCULATE NET PRICE FOR SHIPMENTS TO THECURRENT MARKET (SKP)

33



167 123 CONTINUE

168 DO 160 J=1,NDEM

169 IF(JX(J,K) EQ. 0) GO TO 160

170 IF{NRPIT .GE. ITEST) GO TO 125

17 IF(G{1.J.K) EQ. 0) GO TO 158

172 1251  iF(TFLAG(J) .GE. 1) THEN

173 SKP=P(J,K)-(COST+TC{1J,K))"(1.0+ TARIFF(L,J, K))-AVPN
174 ELSE

175 SKP=P(J,K)-COST*(1.0+TARIFF(1.J,K))-TC{lJ K)}-AVPN
178 ENDIF

177 1251 IF(SKP) 126,159,1

178 C CHECK NET PRICE AGAINST ACCURACY (ACCR)
179 126 IF(Ql,J,K))127,159,127

180 127 IF(SKP+ACCR)129,159,159

181 128 IF{SKP-ACCR)158,158,129
182 129 SKIP=5
183 FINIS=5

184 © DEFINE SLOPE OF PRICE-DEPENDENT DEMAND EQUATION (SLOPD)
185 140 SLOPD=DEMAND({K+1.J.K)

188 © COMPUTE NEW SHIPMENT S(J) USING NEWTON'S APPROXIMATION
187 141 S(J.K) = Q{,J,K)-SKP/(SLOPD-SLOPS)

188 ©C ADJUST PRODUCTION TOTAL (PROT)

189 IF(S(J,K) LE. 0) THEN

180 145 IF{C{1,.K) .GE. X{J.K)) THEN
191 145 SiJ.K)=0.5"Q1 J.K)

192 GO TO 149

193 ENDIF

194 147 IF(C,J,K) .GE. PROT) THEN
195 S(J, K)=0.5'Q(1 J.K)

196 GO TO 149

197 ENDIF

198 148 S(J,K)=0.0

189 EMDIF

200 149 PROT=PROT-Q{1J.K)+S{J.K)
21 C CALCULATE MEW COST USING SUPPLY EQUATION
202 IF{IX{1K) .EQ, 0) GO TO 160
203 150 COST=SUPPLY(1,.K)
204 DO 157 IJJ=1,NPROD

205 PPP=PROT

206 IF(K.NELJJPPP=PT{LIJJ)

207 155 COST=COST+PPP*'SUPPLY([IJ+1,1K)
208 157 CONTINUE

209 GO TO 160

210 159 S{J,K)=Q{1,J,K)

21 160 CONTINUE

212 C©

213 DO 161 J=1 NDEM

214 IF{CLLK) EQ. 0) S(J.K)=001.J.K)
215 161 CONTINUE

216 C

217 IF(SKIP)167,162,167

218 162 IFAS(LK)=1

219 GO TO 225

220 C CALCULATE DIFFERENCE BETWEEN CURRENT SUPPLY TOTAL AND CARACITY
22 164 PROT=0.0

222 DO 166 J=1 NDEM

223 166  PROT=PROT+S(J.K)
224 167 INDIC =0
225 IF(1X(1,K))169,172,169



227

240
241
242
243
244
245
246
247
248
249

255

169
171
172
174

175
176

188

191

194

165
186

188

2

207
21
213
214
215

216
217

219

220

212

221

224

IF{PC{I,K}-PROTY171,171,170
IF(ANVFN)171,200,171
DIFF=PROT-PC( K}
GO TO 178
DIFF=PROT-PT(IK)
IF(DIFF)174,200,174
IF(AVPN) 175,175,176
IF{DIFF)200,200,176
TOT=0.0
CALCULATE CHANGE IN DEMAND QUANTITY FOR A UNIT CHANGE IN PRICE
FOR EACH MARKET, R{J,K) AND TOTAL FOR ALL MARKETS, TOT
DO 181 J=1,NDEM
RiJ K)=0.
IFiS{J K} .EQ. 0) GO TO 191
SLOPD=DEMAND(K+1.J.K}
IF(SLOPD .EQ. 0) GO TO 191
R K)=1.0/SLOPD
TOT=TOT+R(J,K)
CONTINUE
RECALCULATE SHIPMENTS, S(J.K) BASED ON UNUSED CAPACITY, DIFF
DO 198 J=1, NDEM
IF(S{J,K) .EQ. 0) GO TO 188
IF(TOT .EQ. 0.0) GO TO 185
S(J.K)=S{J K)-(R{J KN TOT)"DIFF
IF(S{J K} .GT.0) GO TO 198
S(J,K)=05"C1.J K)
INDIC=5
CONTINUE
CALCULATE NEW MARKET TOTAL, X(J K) GIVEN REVISED SHIPMENTS
DO 217 J=1,NDEM
IF{S({J,K) .EQ. Q{LJK)) GO TO 217
EiK) =K K-Q(LJ K+ 5, K)
CALCULATE NEW MARKET PRICE, P{J,K) USING DEMAND EQUATIONS
00 213 JK = 1,NPRCD
IFJXJJK) EQ. 0) GO TO 213
PlJJK) = DEMAND{1,JJK)
DO 211 JKK = 1,NPROD
PJJK) = P(JJK) + DEMAND{JEE+1,J JK) * X, JKEK)
CONTINUE
CONTINUE
CALCULATE NEW SUPPLY TOTAL, PT{l) AND STORE NEW SHIPMENTS
IF{IX(1, K215 216,215
PTULK)=PTLKFC(LJ Ky +5(J, K)
Q(lLJK)=5(J K)
CONTINUE
IF S{J) HAS BEEN SET ARBITRARILY, RECOMPUTE
IF(INDIC) 164,215,164
CONTINUE
CALCULATE NEW COST,C(l) USING NEW SUPPLY TOTAL
FOR FIXED SUFPLY REGION,C{l) REMAINS EQUAL TO INTERCEPT
CONTINUE
DO 224 JK = 1,NPROD
C(lJK) = SUPPLY{1,],JK)
IF(IXi1JK) .[EQ. D) GO TO 224
DO 223 JKK = 1, NPROD
C{1,JK) =C{l,JK) + SUPPLY{JKK+1,1JK) * PT{|,JKK)
CONTINUE
CONTINUE
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CONTINUE
INTERMEDIATE REPORT
IF(MOD(NRPIT,PRINTS) .EQ. 0) THEN
IF(DUMP .LT. 3) GO TO 350
IF(FINIS .EQ. 0) GO TO 350
CALL REPORT(FINIS)
ENDIF
CONTINUE

END RP IF MAXIMUM ITERATIONS HAVE BEEN REAGHED

IF(NRPIT .EQ. MAXIT) THEN
FINIS=0
IF(DUMP .GT. 1) WRITE{2,6007) NRPIT
FORMAT( * * * MAXIMUM RP ITERATIONS REACHED * * .
**** AP |[TERATIONS =" I8, " * *)
ENDIF
CONTINLUE RP IF FINIS NOT EQUAL O
IF{FINIS .NE, 0) GO TO 80
START NETWORK ALLOCATION SUBROUTINE
MNLPIT=NLPIT+1
NOLD=NOLD+NRFIT
NAPIT=0
DO 420 K=1,NPROD
DO 410 J=1,NDEM
P(J,K)=0.0
CONTINUE
DO 4201=1,NSUP
G{l, K)=0.0
DO 420 J=1,NDEM
Q4 K)=0.0
CONTINUE

CALL SETUP

IF{RUNERR .NE. 0) THEN
DUMP=3
FINIS=0
GO TO 800
ENDIF
NETWORK ALLOCATION COMPLETED
UPDATE MARKET TOTALS X{J) AND PRODUCTION ALLOCATIONS PA(LK)
DO 510 I=1,NSUP
DO 510 K=1,NPROD
IFAS(,K)=0 327
PA{1,K)=0.0
DO 520 J=1,NDEM
DO 520 K=1NPROD
X(J,K)=0.0
DO 530 I=1,NSUP
DO 530 J=1,NDEM
DO 530 K=1,NPROD
X(J K)=XJ K)+0{1,J, K)
PA(K)=PA(1K)+Q(1.J.K)
DO 550 |=1,NSUP
IF{I%{1,K) .EQ. 0) GO TO 550
DO 540 K=1,MPROD
PT{lK}=PA({l.K}
CONTINUE
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RECOMPUTE SUPPLY PRICES G{l) AND MARKET PRICES P{J)
FOR A FIXED DEMAND REGION P(J) IS THE QUANTITY-WEIGHTED COST
FOR DELIVERIES TO THAT REGION
FOR A FIXED SUPPLY REGION C(l) IS THE INTERCEPT AND ISP(l) IS
THE OPPORTUNITY COST FROM THE NETWORK ALLOCATION
DO 580 K=1,NPROD
DO 580 |=1,NSUP
ISP(K)=C{LK)
COMPUTE GOST FROM SUPPLY EQUATION
C{1K)=SUPPLY(1,,K)
DO 570 KK=1,NPROD
C(1,K}=C (1K) +PT(1, KK)*SUPPLY(KK+1,1,K)
570 CONTINUE
580 CONTINUE

DO 589 J=1,NDEM
P(J,K)=DEMAND(1.J.K)
IF(¥(J,K) .EQ. 0.0) GO TO 589
IF(JX(J.K) [EQ. 0) THEN

FIXED DEMAND
P(J,K)=0.0
DO 587 |=1,NSUP
IF(TFLAG(J} EQ. 0)
1 WP =(C(1,K)*(1+TARIFF{1,J,K))+ TC(1J,K))" Q1L K)X(JK)
IF(TFLAG(J} .NE. 0)
1 WP=((C{LK)+ TC(LJ, K))*(1+ TARIFF(1,J,K) Q{1 KIX(J,K)
P(J,K)=P{J,K)+ WP
587 CONTINUE
ELSE
c COMPUTE PRICE FROM DEMAND EQUATION

DO 588 KK=1,NPROD
P(J,K)=P{J,K)+X{J, KK)* DEMAND(KK+1.J.K)
588  CONTINUE
ENDIF
580  CONTINUE
580  CONTINUE

600 IF{FINIS .EQ. 0) THEN
FINAL REPORT
IF(DUMP .GT. 0)CALL REPORT(FINIS)
RETURN
ENDIF

IF(DUMP LT, 3) GO TO 650
INTERMEDIATE REPORT AFTER METFLO

IF(MOD(NRPIT,PRINTS) .EQ. D)CALL REPORT(FINIS)
650 CONTINUE

GO TO 80

END
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The problem of determining equilibrium prices and quantities in spatially separated
markets is reviewed. Algorithms that compute spatial equilibria are discussed. A
computer program using the reactive programming algorithm for solving spatial
equilibrium problems that involve multiple commodities is presented, along with
detailed documentation. A sample data set, program output, and a partial program
listing are also provided.
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