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Introduction Computer models of supply and demand for commodities 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. 

Spatial Price 
Equilibrium 

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

Let Pjk indicate the price of product k in market j (k=1 ,K; j=1 ,M); Xjk is the quantity of 
product k consumed in market j; Cik is the supply price (production cost) for product k in
supply region i (i=1 ,N); PTik is the quantity of product k produced in supply region i; qjk 
is the quantity of product k shipped from region i to market j; TCijk is the unit cost for 
shipping product k from i to j; and tijk is the ad valorem tariff imposed by market j on 
shipments of product k from supply region i. 
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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: 

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: 

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: 

Finally, all quantities and prices must be nonnegative: 

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 SM. 
At quantity q1' 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 q2' 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 



 

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. 

Reactive 
Programming 

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 (TCijk). 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 qe 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. 1 

1 A direct comparison of reactive programming and quadratic 
programming is provided in appendix 1. 
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Reactive Programming 
Solution Procedure 

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. 

The reactive programming algorithm was introduced by Tramel and Seale (1959). 
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 qijk 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 PTik and Xjk. 

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: 

where UUUijk is the upper limit on shipments of product k from supplier i to market j, 
LLLik 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: 

(14) 

2. Using the solution tolerance (ACCR) in place of zero, check the equilibrium condi- 
tion stated in equation (5) by comparing SKPjk and ACCR. (Continue to the next  
market if flows are zero.) For any supply region operating at capacity, the comparison 
of SKPjk 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: 

Sjk = qijk - SKPjk/(SLOPDj - SLOPS) . (15) 

4. Compute the difference' between the current supply from this region and the produc-
tion capacity (DIFF = PTik - PCik, where PCik is the supply region capacity); compute the
change in quantity demanded given a unit change in price (Rjk = 1 /SLOPDjk) for 
each market, and the total change for all markets (TOT). Compute a revised shipment 
to each market as: 

Sjk = Sjk - (Rjk /TOT) DIFF. (16) 

5. Adjust the market total and compute the new market price for each market: 

Pjk = P (Xjk) . 

(17) 

(18) 

Xjk = Xjk - qijk + Sjk ; and 

6. Adjust the production total for this supplier and compute the new (marginal) cost: 
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Applications of  
Reactive Programming 

Revisions to King  
and Ho's Reactive 
Programming Code 
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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 
Dahlgran (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 detail, 
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.3 

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.4 

  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. 
 
4 See 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).5 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).6 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. 

5 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. 
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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.7 
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.8 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 Corporation9 (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 (qijk) 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. 

9 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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Figure 3––An example of multiperiod market simulation using 
reactive programming. 
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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. 

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. 
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Appendix 1: 
A Comparison of 
Reactive and 
Quadratic 
programming 

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 
regions, and two products; the slope coefficients of both supply and demand equations 
are symmetric (as required by quadratic programming). Both algorithms were com- 
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. 
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Table 1––A comparison of REACTT and SEBEND  



 

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 

AVPN 

BIG 
C(I,K) 
CNT 

CPAY  
CPT  
DEMAND(N,J,K) 

DIFF 

DUMP 

EPS 
FINIS 

FLWSCL  
IFAS(I) 

INDIC 

ISP(I,K) 

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) 
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(I,K)) is less than capacity (PC(I,K))  
Sufficiently large number, used to indicate no flow in NETFLO  
Cost, supply region I, product K 
The total quantity shipped to all markets by the current supply 
region in the current iteration 
Consumer outlay in each market 
Total consumer outlay, all markets 
Price-dependent demand 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 NPROD th products (for each I and K) 
The difference between PACT and capacity for the supply region 
(PC(I,K) ) 
Integer variable that determines the quantity of output (see             
table 2)  
Parameter sufficiently close to zero 
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 
Scaling parameter for flows in NETFLO 
Integer flag used to indicate whether to skip supply region I 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 
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 
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(I,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) 

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) 

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

Maximum number of lines per page (output file) 

Lower bound on shipments of product K from I to J 

Maximum number of reactive programming iterations 

Number of product demand regions (markets)  

Number of lines printed, current page (output file)  

The number of NETFLO iterations 

The total number of RP iterations 

Page number (output file) 

Number of products 

The number of the current RP iteration 

Number of product supply regions 

Scaling parameter for the objective function in NETFLO 

Price, demand region J, product K 

Production allocation for supply region I, in the current RP 
iteration 

Total quantity supplied, all producers 

Production capacity, supply region I, product K 

Producer revenue, supply region I 

Integer counter used to determine the cycle for intermediate 
reports 

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

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

Total producer revenue, all producers 

Production total, supply region 1,- product K  

Quantity of product K shipped from I to J 

The total quantity shipped, all producers, all markets 

The inverse of the slope of the demand function; that is, 
(1/DEMAND(K+ 1 J,K)) 

IX(I,K} 

JX(J,K} 

LINMAX 

LLL(I,J,K} 

MAXIT 

NDEM 

NLIN 

NLPIT 

NOLO 

NPAGE 

NPROD 

NRPIT 

NSUP 

OBJSCL 

P(J,K) 

PA(I,K) 

PAT 

PC(I,K) 

PREV(I) 

PRINTS 

PROD(K)  

PROT 

PRT  

PT(I,K) 

Q(I,J,K)  

QST  

R(J,K) 
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Variable Definition 

  R DATE 

REGDEM(J) 

REGSUP(I) 

RTIME 

RUNERR 

S(J,K) 

SC 

SCT 

SKP 

SUM 

SUPPL V(N,I,K) 

TAR 

TARIF 

TARIFF(I,J,K) 

TC(I,J,K) 

TFLAG( J) 

TITLE 
 

UUU(I,J,K) 

X(J,K)           

XJT 
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Date of the current run (system-defined) 

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

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

TIme of the current run (system-defined) 

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

Trial quantity for shipments of K from the current supply region to 
market J 
The shipping cost for flows Q(I,J,K)TC(I,J,K) 

Total shipping cost, all producers, all markets 

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 

The total profit (net price times quantity) in all markets for the 
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 I and K) 
The tariff collected on flows Q(I,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 I 
Transportation cost for shipments of product K from I 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 I to J 

Total quantity demanded, market J, product K 

Total quantity demanded, all markets 



 

1 Reports are cumulative. 

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

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

Table 2––REACTT documentation options1 

Table 3––REACTT error messages1 



 

Appendix 3: 
REACTT Data File 
Structure 

Data for REACTT is read from file DATA by subroutine DATAIN called .by program 
REACTT. File DATA contains three sections: (1) parameter information; (2) alpha- 
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(I), 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(I,J,K), 1=1,NSUP), J=1,NDEM) (1 line for each demand region) 
DESC 
((TARIFF(I,J,K), 1=1 ,NSUP), J=1,NDEM) (1 line for each market)  
DESC 
((LLL(I,J,K), 1=1,NSUP), J=1,NDEM) (1 line for each market) 
DESC 
((UUU(I,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 
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Appendix 4: 
REACTT Example 
Data Set 
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Appendix 5: 
REACTT Example 
Output 

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). 

Run 1 (No Tariffs) 
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Run 2 (30 Percent Tariff 
on Shipments From 
Canada) 
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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. 
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Brooks, David J.; Kincaid, Janna. 1987. REACTT: an algorithm for solving spatial 
equilibrium problems. Gen. Tech. Rep. PNW-GTR-204. Portland. OR: U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Research Station 
37 p.. 

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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