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AGRICULTURAL ECONOMICS RESEARCH 
	

VOL. 25, NO. 3, JULY 1973 

A Dynamic Model of the U.S. Tobacco Economy 

By Jitendar S. Mann 

A 14 equation recursive model is developed for (1) flue-cured acreage, (2) burley acreage, 
(3) flue-cured price, (4) burley price, and (5) consumer demand for cigarettes. The coef-
ficients are estimated using data for 1954-70. The reduced form and the impact multipliers 
are derived. The multipliers are used to illustrate the impact of a 3.5-cent increase in the 
support rate for flue-cured tobacco. A comparison of the reduced-form estimated values 
with observed values of 14 endogenous variables showed a good fit for the model over the 
period studied. 

Keywords: Flue-cured, burley, recursive model, multipliers. 

Recent public consciousness about the problem of 
smoking and health, and changes in advertising policy 
for cigarettes are critical factors which may modify the 
demand for tobacco products. The production, 
distribution, and manufacturing processes are faced with 
several potential technological innovations (3).1  These, 
combined with Government policy programs aimed at 
controlling the supply of certain types of tobacco, are the 

ajor features of the dynamics of the tobacco market. 
To analyze the effects of potential changes, an 

econometric model of the U.S. tobacco economy is 
constructed. The model, based on annual data, will be 
useful in studying long-run changes in the tobacco 
economy.2  The model includes five behavioral 
equations: (1) flue-cured leaf production, (2) burley leaf 
production, (3) flue-cured leaf price, (4) burley leaf 
price, and (5) consumer demand for cigarettes. 
Flue-cured and burley tobacco account for over 90 
percent of total tobacco production. These two types of 
tobacco, along with small quantities of Maryland and 
imported oriental types, are used in the manufacture of 
cigarettes. The analysis thus includes the major part of 
the U.S. tobacco economy. 

Flue-cured tobacco is grown mainly in Virginia, 
North Carolina, South Carolina, Georgia and Florida. 
Burley is produced principally in Kentucky, Tennessee, 
Ohio, Indiana, West Virginia, Virginia, North Carolina 
and Missouri. After harvesting, the tobacco is cured, a 
process which involves drying by the application of 
regulated heat for flue-cured and air circulation for 
burley. The cured tobacco is moved to the auction 

Footnotes are on p. 85. • 

market for sale. There it is purchased by representatives 
of manufacturers or dealers, or if it is eligible for price 
support and the bid is not high enough, it is taken by the 
cooperative association. In either case it is put into 
storage after redrying or stemming. 

The two important features of Government policy are 
marketing quotas and price support. A national 
marketing quota for each type of tobacco is proclaimed 
for 3 years, and the quota for each year is announced 
annually. Acreage allotments are used to implement the 
marketing quotas for tobacco.3  These quotas have to be 
approved by the producers in a referendum every 3 
years. A national quota is proclaimed if the total supply 
exceeds the reserve supply level. The reserve supply is 
the normal supply plus 5 percent to meet domestic and 
foreign demand in years of drought, flood, and other 
adverse conditions. Normal supply is the normal year's 
domestic consumption and exports (average domestic 
consumption and exports for the last 10 marketing years 
adjusted for trends) plus 175 percent of a normal year's 
domestic consumption and 65 percent of a normal year's 
export as an allowance for a normal carryover. 

For those years in which the marketing quota has not 
been disapproved by the producers, the support level is 
determined by adjusting the 1959 support price upward 
or downward in proportion to a change in a 3-year 
moving average of the parity index. If the marketing 
quota is disapproved by the producers, no price support 
is available for that year. 

The model is set up in terms of a recursive system 
including supply equations, leaf price equations, and 
cigarette demand equation. These behavioral equations 
are tied together into the system by a set of identities 
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describing certain technical and marketing characteristics 
of the tobacco economy. 

Variables 

The following 14 variables are treated as endogenous 
in the system. They are recursively determined in a 
system of 14 equations by the predetermined variables 
included in the system. The dividing line between 
endogenous and predetermined variables is arbitrary and 
changes as the scope of research expands. For example, 
behavioral equations can be developed for tobacco and 
cigarette exports, and those variables will move from the 
predetermined to the endogenous group. 

AFt  = acreage of flue-cured tobacco (1,000 acres) 

ABt  = acreage of burley tobacco (1,000 acres) 

PFt  = average price per pound to growers, flue-cured 
(cents per pound) 

PBt  = average price per pound to growers, burley 
(cents per pound) 

QPFt  = production of flue-cured tobacco (million 
pounds) 

QPBt  = production of burley (million pounds) 

SFt+i  = year-end inventory, flue-cured (million 
pounds) 

SBt+i  = year-end inventory, burley (million pounds) 

DFt  = flue-cured tobacco used in cigarette manu-
facturing (million pounds) 

DBt  = burley tobacco used in cigarette manu-
facturing (million pounds) 

QCt  = per capita cigarette consumption (in terms of 
population 18 years old and over) 

QCCt  = total domestic cigarette consumption (bil-
lions) 

Pct consumer price index for tobacco products, 
deflated by the consumer price index (1967 = 
100) 

QCPt  = production of cigarettes (billions). 

The following variables are treated as predetermined in 
the present analysis. These variables include policy, 
technological, and other outside factors affecting the 
tobacco economy. 

ALFt  =- acreage allotted, flue-cured (1,000 acres) 

ALBt  = acreage allotted, burley (1,000 acres) 
	• 

SFt  = beginning year stocks of flue-cured (million 
pounds) 

SBt  = beginning year stocks of burley (million 
pounds) 

SPFt  = support price, flue-cured (cents per pound) 

SPBt  = support price, burley (cents per pound) 

QFt  = percent of total flue-cured crop which is choice, 
fine, and good quality 

QBt  = percent of burley crop which is choice, fine, 
and good quality 

XFt  = exports of flue-cured tobacco (million pounds) 

XBt  = exports of burley tobacco (million pounds) 

ODFt  = flue-cured tobacco used for other products 
(million pounds) 

ODBt  = burley tobacco used for other products (milli,/ 
pounds) 

FLt  = percent of cigarettes filter-tipped 

It  = per capita disposable income (1958 dollars) 

QCXt  = quantity of cigarettes exported (billion) 

The following multiplicative factors are used to make the 
units in various markets comparable. Values for these 
factors for each year can be inserted in the system and 
will satisfy the necessary equilibrium condition. However, 
to simplify the computational work, average values for the 
3-year period 1968-70 were used in the following analysis. 

YF = yield per acre, flue-cured (1,000 pounds) 

YB = yield per acre, burley (1,000 pounds) 

F = pounds of flue-cured tobacco used per 1,000 
cigarettes 

B = pounds of burley tobacco used per 1,000 
cigarettes 	

110 
P = population 18 years old and over (billion) 
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The Model 

• The model consists of five behavioral equations and 
nine technological and market clearing identities. The 
system brings together the forces of Government policy, 
technological factors, market mechanism, and consumer 
decisionmaking. 

The coefficients of the behavioral equations are 
estimated from data for 1954-70. As the system is 
recursive, the coefficients are estimated by ordinary least 
squares. The estimated model is discussed below. The 
values in parentheses under the coefficients are the t 
values of the coefficients. DW stands for the 
Durbin-Watson statistic, and is reported only for those 
equations in which the lagged value of the dependent 
variable is not included in the regression (1, p. 410). The 
squared multiple correlation has been corrected for 
degrees of freedom. 

Both flue-cured and burley tobacco were subject to 
acreage allotments and price support during the years 
studied. (See, however, footnote 3.) The model takes 
these policy instruments into account. The acreage 
equations are of cobweb type. The acreage is a function 
of lagged acreage, lagged price, and acreage allotted. 

(1) AFt  = - 323.18040 + 0.08671AFt4  
(0.84499) 

+ 3.53768PFt_i  + 1.03551ALFt  

	

(2.33589) 	(10.10719) 

R2  = 0.978 

(2) ABt  = -77.00651 + 0.14865ABt_i  
(1.55789) 

+ 0.33717PB 1  + 1.01089ALBt  

	

(0.50540) 	(16.21848) 

R2  = 0.984 

In each case the variables included explain 98 percent 
of the variation in acreage. The signs of the coefficients 
are also correct. The acreage allotted has a strong effect 
on acres harvested as indicated by the high t values. 
From these acreage estimates, production is obtained by 
multiplying by average yield. 

(3) QPFt  = YF x AFt  

(4) QPBt  = YB x ABt  

• Up to this stage, we have explained acreage and 
production (endogenous variables) in terms of 

predetermined variables only. This means that the model 
can be modified so that exogenously estimated acreage 
or production can be brought in at this stage. This 
enables us to study the effect of technological changes in 
the production sector in several ways and incorporate 
those into the model. 

The price equations represent the process of price 
formation in the auction markets. The supply, consisting 
of production from current year's crop, is inelastic and 
must be sold as the farmer has very limited storage 
facilities. However, at the same time, the auction price 
has to be more than the support rate.4  On the side of 
the buyers, the size of existing stocks to which the 
current purchases are to be added is a potential factor in 
determining the price bid. 

(5) PFt  = -14.51534 - 0.00109(QPFt  + SFt) 
(0.22426) 

+ 1.35435SPFt  + 0.26428QFt  

	

(4.15982) 	(0.90356) 

R2  = 0.884 
DW = 1.650 

(6) PBt  = 59.90805 - 0.02081 (QPBt  + SBt) 
(2.78366) 

+0.51084SPBt  + 0.44542QBt  

	

(3.66681) 	(4.10601) 

R2  = 0.789 
DW = 1.403 

During those years when producers approve the quota, 
the price support is available. The support rate sets the 
lower limit to the price in the auction markets. This 
explains the high t values for this variable in the above 
equations. 

The tobacco markets satisfy the following 
market-clearing identities: 

(7) SFt+i  - SFt  = QPFt  - DFt  - XFt  - ODFt  

(8) SBt+i - SBt  = QPBt  - DBt  - XBt  - ODBt  

This means that the excess of production over domestic 
disappearance and export is inventory demand and is 
added to stocks of tobacco. In actual practice, production 
for the current year is added to the carryover, and tobacco 
for domestic disappearance and export comes out of 
aged stocks. This can be shown by rewriting the above 
identities appropriately. 
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In the absence of any limitations on the availability 
of data, we could postulate the following price linkage 
between the retail price of cigarettes and the price to 
growers for flue-cured and burley tobacco: 

PCt  = aiPFt  + a2PBt  + M 
Framework for Policy Analysis 

Finally, to complete the system we have a 
market-clearing identity for cigarettes:6 	 • 
(14) QCPt  = QCCt  + QCXt  

where al  is the pounds of flue-cured tobacco required 
per pack of cigarettes, and a2  the pounds of burley per 
pack. M is the marketing and manufacturing margin, 
including taxes and the cost of other tobaccos used. But 
we are using an index of consumer prices for tobacco 
products as a proxy for the retail price of cigarettes.5  
Moreover, a crudely defined margin, which includes 
heterogeneous items, will have no operational usefulness. 
Therefore, we use an empirically estimated equation 
which resembles the price linkage identity discussed 
above but the coefficients do not have a precise 
interpretation. The major role of this equation is to 
make the system complete. 

(9) PCt  = 40.34429 + 0.72355PFt  + 0.14827PBt  

Consumer demand for cigarettes is studied in terms of 
per capita consumption of cigarettes for the population 18 
years old and over. The use of per capita consumption is 
based on the underlying consumer theory of the 
individual. Consumer demand is influenced by the 
habit-forming nature of the product and reaction to the 
issue of smoking and health. These factors are embodied 
in the lagged value of consumption and percent of 
cigarettes filter-tipped. 

(10) QCt  = 3302.04150 + 0.071954 + 0.72692QCt_1  
(0.47442) (4.22992) 

-26.71665PCt  + 9.50125FLt  
(3.43241) 	(1.81266) 

R2  = 0.885 

Total cigarette consumption is the product of per capita 
consumption and population 18 years and over. 

(11) QCCt  = P x QCt  

The quantity of cigarettes produced has to satisfy the 
technical relationships in terms of flue-cured and burley 
tobacco disappearance. 

(12) DFt  = F x QCPt  

(13) DBt  = B x QCPt  

This structural system of 14 equations and identities 
embodies the a priori specifications and restrictions of 
the model. The strategic technological and policy 
variables included in the structural system can be 
appropriately modified to trace the impact on the 
market. The system can be solved for the 14 endogenous 
variables to obtain the reduced form of the system. The 
reduced form, given in appendix table 1, expresses each 
endogenous variable as a linear function of the several 
predetermined variables, including the lagged endo-
genous variables. The table of reduced form gives the 
impact of per unit changes in an exogenous variable on 
each of the endogenous variables. For example, the 
effects of flue-cured acreage and price on the 
endogenous variables in the following year are given in 
the first two columns of the table. The reduced form 
was used to generate the estimated values of the 14 
endogenous variables, which were compared with the 
observed values to evaluate the "track record" of th. 
model. However, the estimates generated by a model ca 
be no better than the data which are used. 

However, for a dynamic analysis of the system, we 
can eliminate the lagged values of the endogenous 
variables by successive substitutions, obtaining a system 
of endogenous variables in terms of the exogenous 
variables only.7  This system of multipliers for years 1-5 
and the long-run multipliers are given in appendix tables 
2-7. 

To illustrate the use of the multipliers, consider a 
possible 5 percent increase in the support rate for 
flue-cured tobacco. This comes to an average of about 
3.5 cents per pound. Using the coefficients from the 
column headed SPF in appendix tables 2-7, the effects 
on the following variables are calculated: Flue-cured 
acreage, flue-cured price, flue-cured year-end stocks, per 
capita cigarette consumption, flue-cured production, 
flue-cured cigarette use, cigarette consumption, retail 
tobacco price index, and cigarette production. These 
effects for years 1-5 and the long-run effects are given in 
table 1. Note that a rise in the support rate is estimated 
to lead to a rise in the price of flue-cured tobacco, 
increased production, and higher carryover. The higher 
price of tobacco is estimated to lead to higher tobacco 
product prices, decline in cigarette consumption an 
production, and, hence, less use of flue-cured tobacco 
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• Table 1.-Impact of a possible 3.5-cent increase in support rate for flue-cured tobacco 

Variable 
Year Long 

run 1 2 3 4 5 

Flue-cured acreage (1,000) 	  
Flue-cured price (Ob.) 	  
Flue-cured year-end stocks (million pounds) 	 
Per capita cigarette consumption (number) 	 
Flue-cured production (million pounds) 	 
Flue-cured cigarette use (million pounds) 	 
Cigarette consumption (billion) 	  
Retail tobacco price (index) 	  
Cigarette production (billion) 	  

4.74 
12.9 

-91.63 

-12.9 
-12.14 

3.43 
-12.14 

16.77 
4.69 

67.00 
-156.51 

32.06 
-22.04 
-20.73 

3.36 
-20.73 

18.05 
4.63 

129.84 
-201.17 

34.50 
-28.33 
-26.64 

3.27 
-26.64 

17.94 
4.56 

196.62 
-230.64 

34.30 
-32.48 
-30.54 

3.16 
-30.54 

17.69 
4.49 

	

265.47 	4348.89 

	

-248.77 	-.09 
33.82 

-35.03 

	

-32.95 	-.01 
3.04 

	

-32.95 	-.01 

cigarette manufacturing. These effects will, however, in 
practice be mitigated by the influence of other factors 
like exports and other policy variables. But the model 
enables us to isolate, for analytical purposes, the impact 
of a single possible policy change. 

Another question which may be analyzed is the 
impact of increased exports (or reduced exports, 
assuming that an alternate source of supply, Rhodesia, 
opens up). A new reduced form can be calculated by 
changing the multiplicative factors, which represent the 
impact of technological change. The average yield per 
acre embodies the technological change in production8  

sr the pounds of tobacco used per 1,000 cigarettes in 
e manufacturing sector. The impact of changes in any 

or all of these coefficients on the tobacco market can be 
traced. Similarly, we can study the effect of change in 
percent of cigarettes filter-tipped, which embodies the 
changing trend in tastes and habits. 
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where QCO is a residual item which has no operational 

measured in terms of land. Another equally important aspect of 
technological change is output in terms of labor. 

significance. However, for the sake of completeness, the 
coefficients for this variable are reported in appendix table 1. 

over 90 percent in this index. 

by crop year and cigarette consumption and exports are reported 
by calendar year, the identity (14) was rewritten as 

discussion the average price received by producers for flue-cured 

king. The index for tobacco products includes these two along 
with other tobacco products. Cigarettes are given a weight of 

quota. However, as the poundage quota can be converted to 

is applicable to the new program. 

and burley was above the average support rate. 

cigarettes, nonfilter tip, regular size, and (b) cigarettes, filter, 

acres by using an appropriate average yield, the present analysis 

tobacco sold in the auction market, during the period under 

comprehensive study of resource adjustment in the U.S. tobacco 
economy being conducted by an ERS task force. 

Footnotes 

8This is only one dimension of the problem, since output is 

6To overcome the fact that the data for tobacco are reported 

For details, see Goldberger (2, p. 375). 

5The consumer price index includes index numbers for (a) 

3The burley program is now entirely based on a poundage 

i ltalic numbers in parentheses refer to Literature Cited. 

Although this depends on the distribution of grades of 

This article is a preliminary report of the results of a more 

Industry. Agr. Econ. Rpt. No. 169, September 
1969. 

QCPt  = QCCt  + QCX t  + QCOt, 
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Table  A-1.—Reduced form  of the  system  
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Table  A-2.—Multiplier  effects  of a  unit  change  in  exogenous  variables  on  endogenous  variables  in  the  immediate  year  
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Table  A-3.—Multiplier  effects  of a  unit  change  in  exogenous  variables  on  endogenous  variables  in  the  second year  
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Table  A4.—Multiplier  effects  of a  unit  change  in  exogenous  variables  on  endogenous  variables  in  the  third year  
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