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ABSTRACT 

A 14-eq~ation recursive model is developed for (1) flue-cured acreage, 
(2) burley acreage, (3) flue-cured leaf price, (4) burley leaf price, (5) cig
arette price linkage, and (6) consumer demand for cigarettes. These behavioral 
equations are tied together into a system by a set of identi.ties encompassing 
certain technical and marketi.ng characteristics of the tobacco economy. The 
coefficients of the behavioral equations are estimated using time-series data 
for 1954-72. The methods of principal components regression and mixed esti 
mation are used to overcome multicollinearity. The reduced form of the system 
is derived and the impact multipliers are calculated. The multipliers are 
used to illustrate the eff.ects of (1) a 6.5-cent-per-pound increase in the 
support rate for flue-cut~d tobacco, (2) a 30-million-pound increase in the 
quota for burley~ and (3) a l-cent-per-pack increase in Federal and State 
cigarette taxes. 

Key Words: Flue-cured, burley, recursive model, multipliers. 
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FOREWORD 

In 	the l~te 1960's, we became concerned over the nature of impending human 
~ 	 resourc~ adjustments in the flue-cured tobacco region. This concern led to 

a study in 1969 by the Economic Research Service which outlined the complex 
nature of the problem and recommended additional research to determine the 
magnitude ann specific characteristics of the problem. In 1972 we began a 

~ 	 research program addressing human resou't"ce adjustment problems expected to 

accompany changes in the flue-cured tobacco industry. This included analyses 


~. 	 of anticipated changes in the production, marketing, and processing segments 
of the industry, and an analysis of alternative rural development strategies 
that might be used to abate any adverse effects of the expected adjustments 
on 	rural people and their communj,ties. 

This study is one of a series of interdependent analyses that are part 
~ of this research program. The studies are being conducted by the Economic 

Research Service, North Carolina State University, and the U.S. Department of 
Labor. As an integrated cooperative effort it provides for a c~mprehensive 
analysiS of the many facets of the problem and permits a much more efficient 
use of research resources. It is anticipated that upon completion of the 

,. analyses, sufficient knowledge will be available to evaluate alternative 
development strategies for the flue-cnred tobacco region. The research. is 
unique in that itt, main objective is to provide a knowledge base for guiding 
policy and program decisions on em~rging adjustments rather than addressing 
postadjustment problems. 

,'./
" 	 !. . - f!' 	. 

j ,/' 

Quentin M. West 
Administrator 
Economic Research Service 
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SUMMARY 

To analyze the impact of potential policy and technological changes, an 
econometric model of the U.S. tobacco economy has been constructed. This model 
takes into account current trends in production, processing, and c.1)nsumption 
of tobacco and cigarettes. It also reflects the strong impact of allotments 
in influencing acreage, and of price support level in maintaining a floor under 
auction market prices. Effects of three potential policy changes are analyzed: 

(1) A possible 6.5-cent-per-pound rise in the support rate for flue-cured 
tobacco is estimated to lead to an increase of 8.3 cents per pound in the 
auction market price of flue-cured totacco. The higher price of tobacco is 
expected to be reflected in a rise of 0.38 percentage point in the real con
sumer price index of tobacco products, a decline of 13 cigarettes in per capita 
cigarette. use, a decrease of 1.82 million pounds in use of flue-cured tobacco 
in cigarette manufacturing, and a drop of 1.74 bi~lion cigarettes in cigarette 
production. 

(2) A possible increase in burley quota of 30 million pounds is estimated 
to lead to an increase in burley acreage of 12,760 acres, an increase in leaf 
production of 31.12 million pounds, and a rise in yearend inventory of 31.04 
million pounds. 

(3) A possible l-cent-per-pack increase in Federal and State cigarette 
taxes is expected to lead to an increase of 2.19 points in the real consumer 
price index of tobacco products, a decline in per capita cigarette consumption 

~ 	 of 72 cigarettes, and a decrease in cigar.ette production of 9.95 billion cig
arettes. 
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DYNAMICS OF THE U.S. TOBACCO ECONOMY 

by 


Jitendar S. Mann 

Agricultural Economist 


National Economic Analysis Division 


INTRODUCTION 


Public concern about the effects of smoking on health, and changes in 
cigarette advertising policy are critical factors ltlhich may modify the demand 
for tobacco products. Although total demand for cigarettes is rising, the 
rate of increase has slowed down. Tobacco production, distribution, and manu
facturing processes are faced with several potential technological innovations. 
(See (29) for an excellent discussion of these factors in the flue-cured 
industry.)!/ The cultivation of flue-cured tobacco is being mechanized. To
bacco substitutes are being considered for use in cigarette manufacturing. 
!hese factors, combined with government policy programs aimed at controlling 
the supply and supporting the price of certain types of tobacco, are the 
major features of the dynamics of U.S. tobacco markets. 

Flue-cured and burley tobacco account for 90 percent of total tobacco 
production in the United States. These two types of tobacco, along with small 
quantities of Maryland and imported oriental types, are used in the manufacture 
of cigarettes. Flue-cured tobacco is grown mainly in Virginia, North Carolina, 
South Carolina, Georgia, and Florida. Burley is produced principally in Ken
tucky, 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 by circulation 
of air for burley. The cured tobacco is moved to the auction 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 
a cooperative association. In either case it is put into storage after redrying 
and/or stemming. Tobacco is aged before it is used to manufacture cigarettes 
and other products.l/ How tobacco moves from farm to retail outlets is shown 
in the industry flow chart in figure L 

Marketing quotas and price supports are the two main features of govern
ment policy regulating tobacco supply. A national marketing quota for each 

1/ Underlined numbers in parentheses refer to the Literature Cited, p.33 • 
2/ For a discussion of the various phases of the tobacco economy--cultivation, 

harvesting, curing, marketing, storage, and manufacturing--see (28). 
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Lype of tobacco is proclaimed for 3 years, and the quota for each year is 
announced ~nnually. Acreage allotments are used to implement the marketing 
quota for flue-cured tobacco. The burley program is now entirely on a poundage 
quota. These quotas have to be approved by the producccB in a referendum 
ellery 3 years. A national quota is proclaimed if the t.:;;~,;;l supply exceeds the 
reserve supply. 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 ad
justed for trend$) plus 175 percent of a nonnal 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 disapprcved 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 pri~e support is available for that year. Both quotas and price support 
were effective for flue-cured and bUkley tobacco during the period 1954-72 
studied here. 

An econometric model of the U.S. tobacco economy has been constructed in 
order to study the effects of potential policy and technological changes. The 
model includes six behavioral equations: (1) flue-cured acreage, (2) burley 
acreage, (3) flue-cured leaf price, (4) burley leaf price, (5) cigarette price 
linkage, and (6) consumer demand for cigarettes. These behavioral equations 
are tied into the system by a set of identities describing certain technical 
and marketing characteristics of the tobacco economy. This is a recursive 
model based on annual data and will be useful in studying structural changes 
in the tobacco economy.11 

THE HARKET AND THE MODEL 

The important features of the tobacco market arE'?: (1) the joint input of 
flue-cured and burley tobacco for the m.anufacture of cigarettes, (2) the 
mUltiple sources of demand (domestic and foreign) for tobacco and cig.arettes, 
and (3) the derived nature of demand for tobacco originating from tooacco 
products, particularly cigarettes. 

Flue-cured and burley tobacco are used, along with Maryland tobacco and 
some imported oriental tobacco, in the manufacture of cigakettes. The various 
types of tobacco are blended to give the cigarettes the desired amount of 
flavor and smoking properties. The ratio of flue-cured to burley per 1,000 
cigarettes declined from 1.65 in 1954-56 to 1.35 in 1969-71. 

The newly produced tobacco, after being sold in the auction warehouses, 
goes into storage for aging. The current demand is met from old stocks. The 
multiple outlets for tobacco demand are cigarette manufacturing, other tobacco 
products, and exports. Similarly, the dema\ld for cigarettes is for domestic 
consumption or for export. 

A simplified model of the flue-cured and cigarette markets is shown in 
figure 2. (The figure can be applied equally well to the burley market). 

11 For a discussion of the problem of Beasonality, see Braden (!). 
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This graphic model sets up a broad economic framework for a statistical model. 
In the top section, there are two components of ci:J;arette demand, domestic 
and export. Their horizontal summation gives the total cigarette demand. 
This is transferred to the middle section by a suitable change in the X-axis 
scale. By subtracting the marketing, manufacturing, and tax margin, the 
derived demand for leaf is obtained. To this, export and inventory leaf 
demands are added to obtain total leaf demand. Since the market price for 
leaf cannot fall below the support price, tge demand curve has a horizontal 
range. The demand for inventory is shown here as net demand in terms of change 
in stocks. This is in contrast to the usual practice of adding the carryover 
to production to obtain supply, which is used in the following empirical 
analysis. (The demand for leaf for other tobacco products has been ignored in 
this discussion.) The supply function gives the response of acreage to price 
subject to the limit of allotments. The acreage is easily converted to pro
duction and intersects with demand. The resulting price allocates the avail 
able quantities to net inventory demand, exports~ and manufacturing demand. 
The leaf price with added margins, in the form of cigarette retail price, 
allocates the cigarette demand. The current leaf price, along with allotments 
for the next year, starts another round of supply response, ana the process 
goes on in a dynamic fashion. 

The chain of causation which underlies the model may be visualized as 
follows: 


Acreage--Leaf production--Auction leaf price--Cigarette price-

Cigarette demand--Cigarette production--Tobacco cigarette use-

Tobacco yearend inventory 


This causal sequence underpins the recursive model discussed in this study. 

VARIABLES AND THE MODEL 

The following 14 variables are treated as endogenous in the system. They 
are rec<lrsive1y 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 6Xports, and these variables will move from predetermined to the 
exogenous group.!/ 

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

= 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) 
.. 

QPF t = Production of flue-cured tobacco (milliori pounds) 

QPBt = Production of burley (million pounds) 

!/ The actual values of the endogenous variables and sources of data are 
given in tables 4, 5, and 6. 
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= 	 Yearend inventory, flue-cured (million pounds) 

= 	Yearend inventory, burley (million pounds) 

= 	 Flue-cured tobacco used in cigarette manufacturing (million 
pounds) 

= Burley tobacco used in cigarette manufacturing (million 
pounds) 

Per capita cigarette consumption (in terms of population 18 
years old and over) 

= 	 Total domestic cigarette consumption (billions) 

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

QCP = 	 Production of cigarettes (billions)
t 

The following variables are included as predetermined in the present 
analysis. These variables include policy, technology, and other outside 
factors 	affecting the tobacco economY.2/ .. 

Acreage 	allotted, flue-cured (1,000 acres) 

= Acres 	allotted, burley (1,000 acres) 

= 	Poundage quota, burley (million pounds) (Since 1971 the burley 
program has been based entirely on poundage. Therefore, 
starting with 1971, this variable is included and ALB is set 
equal to zero.) 

SPF	 Support price, flue-cured (cents per pound)t 

SPBt = 	 Support price, burley (cents per pound) 

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

Percent 	of burley crop which is choice, fine, and good 
quality 

XF	 Export of flue-cured tobacco (million pounds)t .. 
XBt = 	 Export of burley tobacco (million pounds) 

ODF t = 	 Flue-cured used for other products (million pounds) .. 
ODB = 	 Burley tobacco used for other products (million pounds)t 

2/ The observed values of predetermined varLables and sources of data are 
given in appendix table 12. 

6 
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= Percent of cigarettes filter-tipped (this embodies the 
impact of health scare) 

= Per capita disposable income at 1958 dollars 

= Quantity of cigarettes exported (billions) 

TXt = Federal and State cigarette taxes (cents per pack) 

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 market-clearing conditions. To cal
culate the predicted values of the endogenous variables, the act\7al value of 
these multiplicative factors for each of the years 1954-72 was used. However, 
to calculate the reduced form and the multipliers, the average values for the 
most rec~nt 3-year period, 1970-72, were used. 

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 

p = Population 18 years and over (billion) 

The importance of the above rates in the tobacco economy should be noted. 
Given the per capita cigarettes consumed, the adult population is the major 
source of increase in demand for cigarettes. Although the variable included 
in this analysis is the total population 18 years and older, some research 
has been done on the actual smoking population (21 and 25). The trends in 
yield per acre and leaf use by domestic manufacturers per 1,000 cigarettes 
(see table 1) are two very important factors in the technology of tobacco 
cultivation and use. To the extent that increase in average yield was in 
response to restrictions through quotas and allotments, there may be a case 
for treating yield as endogenou? This point has not been pursued in the 
present study. (See, however, Johnson (12), which includes a behavioral 
equation for average yield for burley.) It has been argued that the tobacc(.) 
programs encouraged the adoption of yield-increasing practices. These practices, 
particularly for flue-cured tobacco, were responsible for deterioration of the 
quality of tobacco raised. (See Darkis (4), for this line of reasoning.) 

The decline in the use of leaf per 1,000 cigarettes is the result of 
emergence of filter-tipped cigarettes, homogenization, freeze-drying, and 
other technological innovations in cigarette manufacturing. Moreover, recently 
the average weight of cigarettes has been declining and various tobacco-substi
tutes are being considered for use in cigarette manufacturing. Cigarettes 
containing 10-25 percent synthetic material are considered a distinct 
possibilit'Ir.6/. 

~I See (27), TS-145, Sept. 1973, pp. 34-35. 
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Table l--Flue-cured and burley tobacco: Yields per acre and cigarette 

use per 1,000 cigarettes, 1954-72 


Yield 12er acre :Leaf use Eer 1 2000 cigarettes 
Year 1:../ Flue-cured Burley Flue-cured Burley 

Pounds 

1954 .......... : 1,261 1,586 1. 73 1.01 

1955 ••.•.•••.• : 1,497 1,513 1.66 1.01 

1956.......... : 1,625 1,635 1.54 .97 

1957 .••••••••• : 1,471 1,592 1.55 .94 

1958 •.•••••.•. : 1,691 1,567 1.46 .88 

1959 .... : ...... : 1,559 1,669 1.44 .87 


1960•..••.•..• : 1,808 1,639 1.46 .87 

1961 •.••.•.••. : 1,801 1,820 1.40 .88 

1962•••••••••• ! 1,930 1,993 1.36 .87 

1963 .•••..•••. : 1,975 2,231 1.36 .85 

1964 .•••••.••• : 2,211 2,022 1.30 .88 

1965•.••...... : 1,883 2,116 1.27 .87 


1966•••••.•••. : 1~825 2,437 1.13 .84 
1967 •••••..••• : 2,048 2,274 1.13 .85 
1968 ••.•.• ~ ..• : 1,868 2,372 1.10 .80 
1969.......... : 1,825 2,488 1.07 .79 .. 
1970••••••.•.. : 2,042 2,590 1.02 .75 
1971 .......... : 2,050 2,213 1.04 .77 

1972.a ........ : 1,970 2,547 1.03 .77 


1/ Crop year beginning July 1 for flue-cured, and Octobf).!r 1 for 

burley. 


Source: (26). 


Data for 1954-72 are used in the following analysis. All date;'; .on tobacco 
are on a farm-sales-weight basis. Data for flue-cured tobacco are for the 
crop year beginning. July 1; f~r burley, the crop year starting October 1; and 
for cigarettes, the calendar year. 

Following is a summary of the model in symbolic form: 

1. Flue-cured acreage: (AFt; AFt-I, PFt-l, ALFt ) 

2. Flue-cured production: QPFt = YF x AFt 

3. Flue-cured auction price: (PFt , QPFt; 8Ft -I, SPFt, QFt) 

4. Burley acreage: (ABt; ABt-l, PBt -1, ALBt , PQBt ) 

5. Burley production: PQBt = YB x ABt 

6. Burley auction price: (PBt , QPBt ; SBt -1, SPBt , QBt) 
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7. Cigarette price linkage: (PCt, PFt, PBt; TXt) 

8. Per capita cigarette demand: (QC t , PCt; QCt-l, It, FLt > 

9. Total cigarette demand: QCCt = P x QCt 

10. Cigarette market clearing: QCP = QCCt + QCXtt 

11. Flue-cured cigarette use: DFt = F x QCPt 

12. Burley cigarette use: DBt = B x QCPt 

13. Flue-cured market clearing identity: 

14. Burley market clearing identity: 

ESTIMATES 

The model consists of six behavioral equations and eight technological 
and market clearing identities. The system brings together the forces of 
Government policy, technological factors, market mechanism, and consumer 
decisionmaking. The system is recursive; that is, the matrix of the coeffic
ients of endogenous variables is triangular. If, in addition, it is assumed 
that the disturbances have a variance-covariance matrix which is diagonal, 
the system is identified (Johnston 13, section 12.4) and can be estimated 
by ordinary least squares (Wold 33)-.-

Some estimated equations include lagged value of the endogenous variable 
as a regressor. The use of the traditional Durbin-Watson statistics in this 
case is not recommended. (See Durbin and Watson ~ and Nerlove and Wallis 19). 
Recently, Durbin has developed a test for least-squares regressions including 
lagged dependent variables 13). The test statistic recommended is 

where a = 1 - 1/2 d, and d is the Durbin-Watson statistic. ~ (bl) is the 
estimate of variance of the coefficient of lagged dependent variable given 
by the least-squares analysis and n is the sample size. This is tested as 
a standard normal deviate. In the following analysis, this test statistic 
is given where appropriate •.. 

The estimated model is discussed below. The estimates are made from data 
for 1954-72 by ordinary least squares. The values in parentheses under the 
coefficients are the t-values of the coefficients. The squared multiple cor
relation has been corrected for degrees of freedom. 
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Flue-cured tobacco was subject to allotments. The acreage allotments are 
used as an instrument for implementing marketing quota~ In recent years the 
basic acreage quota has been adjusted for undermarketing and overmarketing 
the previous year. This is called the "effective" quota. Burley tobacco 
was under acreage allotments up to 1970. Starting with ~97l the burley pro
gram was changed completely to poundage. Price supports were available for 
both flue-cured and burley tobacco during the period studied. The model takes 
these policy instruments into account. The acreage equations are cobweb type. 
The acreage is a function of a lagged acreage, lagged price, and acreage 
allotted (and poundage quota for burley tobacco). 

(1) AFt = -96.49457 + 0.04779 AF t - + 0.12126 PFt l l 

(0.63249) (0.12980) 

+1. 03122 ALFt 

(13.44588) 

R2 0.985 

h = 1. 966 

(2) ABt -149.23199 + 0.24779 ABt-l 

(2.64881) 

+1. 11946PBt _1 + 0.98670ALBt + 0.42539PQBt 

(1. 78813) (14.37724) (12.69128) 

R2 = 0.982 

h = 0.477 

In each case the variables included explain over 98 percent of the vari
ation in acreage. The signs of the coefficients are also correct. The lagged 
value of acreage accounts for the longrun trend. The price for the previous 
year represents average revenue in the recent past.II The effectiveness of the 
acreage allotted is indicated by the high t values. 

The cobweb nature of the acreage equations can be demonstrated better by 
rewriting as 

fi AFt = -96.49457 - 0.95221AFt -1 

+0.12l26PF t _1 + 1.3122ALFt 

fi ABt = -149.23199 - 0.7S221AB 1- + 1.11946PB 1 
t- t

+0.98760ALBt + 0.42539PQBt _l 

II For a different concept of average revenue (per acre), see Vernon, et al.(32). 
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The inverse relationship between level of acreage and change in acreage may be 
noted. Attention is called to the special use of ~ operator. In the literature 
on difference equations, ~ is changed from t to t+l. Here it denotes change 
from t-l to t.· 

A note of caution about the flue-cured equation is also in order. A high 
degree of multicollinearity among the independent variables was observed. 
Therefore, the coefficients given above are not very reliable as far as their 
relative magnitude is concerned. However, this equation can be used for fore
casting as long as the intercorrelations do not change during the forecast 

~ 	 period. For policy analysis, a different regression based on principal com
ponents is given on page l6.!if 

For some purposes the excess of allotments over acreage is of interest. 
The allotments set a limit to the acres harvested. Therefore, the deviation 
of acreage from this limit may be deemed as a variable of interest. The values 

• 	 obtained by subtracting the observed and the estimated values of acreage from 
allotments~fare given in table 2. 

For each year, the production is obtained by multiplying the acreage by 
average yield. 

(3) QPF t YF x AFt 

(4) QPBt = YB x ABt 

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

!if Johnson (h£)and Vernon, et al. (32)previously made attempts to study 
acreage response indirectly by analyzing underplanting (allotment less acreage). 
Glenn Johnson set up a system of simultaneous equations for underplantings, 
acreage, and auction market price for burley for 1933-50. He explained under
plantings in terms of lagged price, lagged value of underplanting, and penalty 
for overplanting. Vernon, et a1., studying underplanting for flue-cured tobacco 
as part of a simulation model, used estimated relationships for 1910-30 to 
generate the "free market" acreage for 1949-66. The underplantings are ex
plained in terms of the excess of "free market" acres over allotments. Without 
making any differentiation between acres and yield, Tennant (11) estimated 
production of flue-cured as a. function of lagged price and time. 

~f The observed values for burley for 1954, 1955, and 1956 are negative. 
During those years, the. farmers were overplanting in an effort to bU1ld a 
base in spite of the pena1ities provided in the burley program. 
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Table 2--F1ue-cured and burley tobacco: Difference between allotments and 

acreage, 1954-72 


Flue-cured Bur1e~
Year 1/ 


Actual Computed Actual Computed 

1,000 acres 


1954 .•..•..... : 11 
 9 -22 -9
1955 .........• : 16 
 9 -2 -7
1956 ..•....... : 13 16 
 -1 11

1957 .......... : 48 27 
 2 6

1958 ......•... : 73 37 
 12 10

1959 ....•..... : 20 38 
 8 6 


1960.........• : 21 34 13 
 11

1961........•. : 25 34 10 9

1962 .........• : 15 
 32 10 1

1963•.•.....•. : 14 32 11 
 5

1964....••..•. : 10 37 
 9 4

1965 ..••....•. : 45 41 10 10 


1966.•.•.....• : 37 42 
 9 9

1967 .......... : 35 40 
 12 18

1968 .•.......• : 45 12
42 13 

1969........•. : 64 43 12 11

1970.•.....•.. : 55 15
41 16 

"'\
1971....•...•. : 46 42 Jj 
 1/ 

1972•....•.•.• : 48 45 2/
'1:./ 

1/ Crop year beginning July 1 for flue-cured, and October 1 for burley.

2/ The program is now based on poundage quota. 

SouRCE: (26). 


(5) = 8.02821 - 0.00160 (QPF + SF _1)PFt t t 

(0.45018) 

+1.28099SPFt + 0.20951QFt 

•(10.49729) (1.81819) 


R2 = 0.948 


DW = 1. 690 


(6) PBt = 59.93257 - 0.02052 (QPBt + SB _ 1)
t 

(2.93752) 
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• 


+0.50941SPtlt + O.42966QBt 

(4.03610) (4.09386) 

R2 = 0.863 

DW .:;; 1.555 

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 percentage of a crop which is choice, fine, and good repre
sents the premium for these qualities of 1eaf.lO/ 

The above equations can be rewritten to express the difference between 
auction market price and support price as follows: 

PF - SPFt = -8.02821 - 0.00160 (QPF + SFt - l )t t 

+ O.28099SPFt + O.20951QF t 

PBt - SJ?Bt = 59.93257 - 0.02052 (QPB t + SBt-l) 

- 0.49059SPBt + O.42966QBt 

The actual values of these differences and the values predicted from the 
above equations are given in table 3. 

The tobacco markets satisfy the following market-clearing identities: 

(7) SF - SF _ = QPFt
t t l 

(8) SBt 

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. 

The retail price of cigarettes is linked to the leaf price as an element 
of cost. Other items in the margin are taxes and manufacturing and marketing 

10/ Johnson (12) explained burley auction price in terms of pledges of burley 
tobacco to associations for price support, burley production, carryover, and 
disappearance. Vernon, et a1. (32) fit a double log regression equation of 
leaf price on the ratio of net leaf supply to domestic disappearance (SQNET) 
and per capit.a income. A "free market If leaf price is derived from the above 
by replacing SQNET by the ratio of leaf supply less exports to disappearance 
in the estimated equation. Miller (18) estimates equations which resemble 
the ones given above. However, he includes time as an independent variable, 
and he has production and stocks as separate variables in his equations lead
ing to implausible signs. 

13 
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Table 3--F1ue-cured and burley tobacco: Difference between auction market 

price and support price, 1954-72 


Flue-cured Burley 

Year 1/ 


Actual Predicted Actual Predicted 

Cents per pound 

1954 .......•. : 4.8 4.9 3.4 8.6 

1955 ....••..• : 4.4 4.4 12.4 13.0 

1956 ...•..... : 2.6 3.0 15.5 10.3 

1957 ......... : 4.6 4.4 8.6 8.4 

1958 ......... : 3.6 5.0 10.7 6.8 

1959 ....•.... : 2.8 4.8 2.9 3.8 


1960..••..... : 4.9 4.8 7.1 7.0 

1961. ........ : 8.8 6.0 "9.3 10.6 

1962......... : 4.0 4.3 0.8 4.5 

1963•.....•.. : 1.4 4.1 0.9 2.8 

1964 ......... : 1.3 3.4 1.4 0.8 

1965•........ : 6.9 4.1 7.5 4.3 


1966.•..•.... : 8.1 4.1 6.3 5.3 

1967 •........ : 5.0 4.3 10.0 10.2 

1968 ......•.. : 5.3 5.3 10.2 10.6 

1969 ••..••... : 8.6 6.4 3.8 4.5 

1970......... : 5.4 7.2 3.6 3.3 

1971. ........ : 7.8 8.6 9.4 6.4 


1972...•..... : 12.6 12.5 4.3 7.2 

1/ Crop year beginning July 1 for flue-cured, and October 1 for burley. 

costs. In the present analysis three cost items are considered: (1) flue
cured leaf, (2) burley leaf, and (3) Federal and State taxes. Although to
bacco cost is a small fraction of the price of cigarettes, leaf cost is 
included in order to establish a linkage between cigarette price and leaf 
price. A more comprehensive study of costs and margins would include several 
other items. 11/ The cost of the above three items for 1,000 cigarettes is 
calculated as 

COST = F x PF + B x PBt + 50 x TXtt 

The cigarette price linkage equation is obtained from this cost by the 
following regression: 

(9) PC t = 57.86563 + 0.04295 COSTt 

(16.96616) 

11/ See, for example, Farnsworth (2), and Braden 0). 

14 



~ 57.86563 + 0.04295 (F x PFt + B x PBt + 50 x TXt~ 

R2 0.941 

DW = 1.515 

Consumer demand for cigarettes is studied in terms of per capita consump
tion of cigarettes for the population 18 years old and over. The use of per 
capita consumption (instead of total consumption) is based on the basic con
sumer theory of the individual.12/ Cigarette demand is influenced by the 

~ 	 habit-forming nature of the product and reaction to the issue of amoking and 
health. These fac.tors are embodied in the lagged value of consumption and 
the percentage of cigarettes filter-tipped. 

QCt 	 = 3795.37830 + 0.66603QCt _l 

(6.15698) 

-32. 99555PCt + ll.l6354FLt 

(4.29536) (4.08496) 

+0.0377l1t 

R2 0.908 

h = 0.450 

The regression for per capita cigarette consumption was fitted by using 
extraneous information about the income elasticity of demand for cigarettes.13/ 
This was necessary because of the high correlation (0.959) between per capita
income and the consumer price index of tobacco products. The demand functions 
were fitted using several given values of income elasticity. The bes2 of these 
equations (considering signs of coefficients, price elasticity, and R ) is 
included in the system.14/ This equation includes a~,/extraneous value of 
income elasticity of demand at mean for cigarettes equal to 0.02, and gives a 
price elasticity of demand at mean equal to -0.776. This compares with earlier 
estimates of -0.68 by Schoenberg (22), -0.51 by Lyon and Simon (15), -0.38 to 
-1.48 by Maier (16), -0.3 to 0.4 bySac1crin (20), and -0.43 by Vernon, et al. 
(32). -	 -

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

(11) QCC t = P x QCt 

12/ For further discussion of this point see Houthakker and Taylor (11), 
chapter 1, section VI. 

13/ See Kuh and Meyer (14) for various approaches to use of extraneous infor
mation in regression analysis. 

14/ For another example of the use of extraneous information in estimating 
t~demand function for cigarettes, see Hamilton (9). 
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The quantity of cigarettes produc~ p~s to satisfy the technical relation
ships in terms of flue-cured and burley tobacco disappearance. 

(12) 	 DFt = F x QCP t 
J 

(13) DBt = B x QCP t 

Finally, to complete the system we have a market-clearing identity for 
cigarettes: 

BACK SOLUTIONS, REDTJCED FORM, AND MULTIPLIERS 

Before us:i!\.g the system for policy analysis, the performance of the model 
over the sample period should be evaluated. In order to study the "track 
record ll of the model, the back solutions of the system were obtained. In 
other words, observed values of predetermined variables and the multiplicative 
factors for each year of the sample period 1954-72 were used to derive the 
values of endogen0~s variables for each year. These values are obtained by 
solving the triangular system of equations using a modified Gauss-Seidel 
method. 151 This method is particularly suitable in this case because the 
system is triangular~ and a new set of multiplicative factors (YF, YB, F, B, 
and P) has to be used for each year. 

The computed values of the endogenous variables, along with the observed 
values for 1954-72, are given in tables 4, 5, and 6 and figures 3-16. 

The 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 explicitly 
solved for the 14 endogenous variables to obtain the reduced form of the system. 
However, before deriving the reduced form, a modified behavioral equation for 
flue-cured acreage is substituted. This equation was fitted by using regression 
on principal components.16! This new regression equation is: 

AFt = -798.15818 + 0.42380 AFt-l 

+ 2.26244PF + 0.646S7ALFtt _l 

This regression presumably overcomes the problem of multicollinearity and 
gives better estimates of relative size of the coefficients. 

The reduced form, given in appendix table 1, expresses each endogenous 
variable as a linear function of the several predetermined variables, including 
lagged endogenous variables. This reduced form is obtained by llsing the .. 
average values for the most recent 3 years, 1970-72, for the mUltiplicative 

15/ See Heien, Matthews, and Womack (10) for further discussion. 
16/ See Johnston (13), section 11-1 for a discussion of the theoretical 

background for principal components regression. 
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Table 4--Flue-cured tobacco, types 11-14: Endogenous variab1esi/ actual and computed from the reduced form 

1954-72 


Acreage Average price P d ti Yearend Domestic useYear ro uc on: harvested per pound stocks in cigarettes
beginning.. . . . . 
July 1 : Actual :Computed Actual :Computed Actual :Computed Actual :Computed Actual :Computed. .' 

--1,000 acres-- ----Cents---- -----------------Mi11ion pounds----------------- 

1954 .•..... : 1,042 1,044 52.7 52.8 1,314 1,317 2,057 2,049 704 714 
1955 ....... : 991 998 52.7 52.7 1,483 1,494 2,258 2,279 690 680 

1956....... : 875 872 51.5 51. 9 1,423 1,417 2,511 2,502 669 674 

1957 ....... : 663 684 55.4 55.1 975 1,006 2,308 2,341 698 696 


1958 .•..... : 639 675 58.2 59.5 1,081 1,142 2,210 2,289 698 680 
1959•...... : 693 675 58.3 60.3 1,081 1,053 2,106 2,091 728 716 

1960....... : 692 679 60.4 60.3 1,251 1,227 2,090 2,078 753 742 

~ 
~ 1961 .•..... : 689 680 64.3 61.5 1,258 1,225 2,081 2,060 743 731 

.i:. 
1962•...... : 730 713 60.1 60.5 1,408 1,375 2,282 2,244 738 742 
1963 •...... 694 676 58.0 60.8 1,371 1,335 2,386 2,361 725 714 

1964....... : 628 601 58.5 60.7 1,388 1,330 2,555 2,471 733 759 
1965 ...... . 562 566 64.6 61.8 1,059 1,065 2,439 2,462 712 695 

1966....... : 607 602 66.9 63.0 1,108 1,098 2,273 2,266 647 644 
1967 •...•.. : 610 605 64.9 64.3 1,250 1,240 2,302 2,285 646 652 

1968•...... : 533 536 66.6 66.9 996 1,001 2,100 2,086 629 649 
1969.•.•... 577 598 72.4 70.1 1,053 1,091 1,972 1,985 602 627 

1970.••.... 584 598 72.0 73.7 1,178 1,222 1,976 2,031 596 585 
1971. ...... : 526 5.30 77.2 78.0 1,076 1,086 1,910 1,919 618 618 

1972...•.•. : 514 517 85.3 85.2 1,022 1,019 1,807 1,744 619 635 
Source: (26). Data are on a farm-sa1es-weight basis. 



Table 5--Bur1ey tobacco, type 31: Endogenous variables, actual and computed from the reduced form, 1954-72 

Acreage Average price Production Yearend ~omestic use 
Year. harvested per pound stocks 1n cigarettes

beginning. . 

October 1: Actual ;Computed Actual ;Computed Actual ;Computed Actual ;Computed Actual ;Computed 


--1,000 acres-- ----Cents---- -----------------Mi11ion pounds----------------- 

1954....... : 421 408 49.8 55.4 668 647 1,347 1,319 415 421 

1955 ....... : 311 316 58.6 59.0 470 478 1,299 1,313 421 415 


1956....... : 310 298 63.6 58.8 506 487 1,295 1,273 424 427 

1957 ....... : 307 303 60.3 60.2 488 483 1,276 1,272 419 418 


1958 ....... : 297 299 66.1 62.1 466 469 1,224 1,233 424 419 

1959....... : 301 303 60.1 60.9 502 506 1,191 1,203 441 434 


1960....... : 296 298 64.3 64.1 485 489 1,127 1,138 450 443 

1961....... : 319 320 66.5 67.7 580 583 1,137 1,148 467 459 


~ 
(Xl 

1962 ....... : 339 348 58.6 62.3 675 694 1,228 1,244 474 477 
1963 ......• : 338 345 59.2 60.8 755 769 1,412 1,432 452 446 

1964....... : 307 312 60.3 59.4 620 632 1,416 1,409 496 514 

1965 ....... : 277 277 67.0 63.8 586 586 1,395 1,406 489 477 


1966..•.... : 241 241 66.9 65.8 587 587 1,382 1,385 484 482 
1967 ....... : 238 232 71.8 72.3 541 527 1,324 1,306 484 488 

1968 ....•.. : 238 237 73.7 74.2 563 561 1,316 1,300 456 470 
1969....... : 238 239 69.6 70.3 591 594 1,343 1,327 445 463 

1970....... : 216 215 72.2 72.0 561 558 1,346 1,352 441 433 
1971.•..... : 214 221 80.9 77.6 473 490 1,249 1,266 455 455 

1972•..•..• : 236 220 79.2 82.7 590 561 1,260 1,230 461 467 

Source: (26). Data are on a farm-sa1es-weight basis. 

&. ., 4- .. J, 4. J, .. 



Table 6--Cigarettes: Endogenous variables, actual and computed from reduced form, 
1954-72 


Consumer

Per capita Total Totalprice index,
cigarette cigarette cigarette:tobacco products

consumption consumption productionYear 1967=100 

Actual : Computed: Actual :Computed: Actual : Computed Actual : Computed 

--Number-- --Billions-- --Bil1ions-

1954 .•...... : 3,546 3,578 386 391 87.1 87.9 401.8 407.7 


1955 ...••... : 3,597 3,535 396 389 87.8 87.9 412.3 406.2 


1956 ........ : 3,650 3,680 406 409 88.3 87.5 424.2 427.1 


1957 ..•..... : 3,755 3,756 422 422 87.7 89.8 442.3 441.2 


1958 .•...... : 3,953 3,908 449 444 88.0 89.8 470.1 464.2 


1959 •.•..... : 4,073 4,008 467 460 90.6 92.0 489.9 481.6 


1960.....•.. : 4,171 4,109 484 477 92.2 92.1 506.9 499.5 


1961 .......• : 4,266 4,194 503 494 92.1 92.1 528.3 519.5 


1962 ........ : 4,265 4,294 508 511 91. 7 91. 7 535.5 538.6 


1963 ........ : 4,345 4,274 524 515 93.5 93.5 550.6 542.2 


1964 ........ ; 4,194 4,354 511 530 94.4 93.8 539.9 559.3 


1965 ....•... : 4,258 4,158 529 517 97.1 98.0 556.8 543.5 


1966 ........ : 4,287 4,256 541 537 99.1 97.7 567.3 564.6 


"~ 
1967 ....•... : 4,280 4, JIe. 549 554 100.0 97.9 576.2 581.5 


1968 •....... : 4,186 4,347 546 567 102.0 97.9 579.5 597.9 


1969........ : 3,993 4,167 529 552 101.9 102.2 557.6 580.7 


1970........ : 3,985 4,008 536 539 105.1 104.2 583.2 572.3 


1971 ........ : 4,037 3,939 550 541 104.2 107.0 576.4 575.0 


1972•....... : 4,040 3,966 565 555 106.5 107.5 599.1 591.3 


... 
Source: (Q). 
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factors (ave~age yields, tobacco used per 1,000 cigarettes, and population 18 
years and older). In the reduced form of the system the interactions of the 
various forces have been allowed for. The reduced form matrix is used below 
to study the impact of a given change in an exogenous variable on endogenous 
variables. These impacts are useful guides in analyzing the effects of 
possible policy changes. 

The reduced form can be written symbolically as 17/ 

where Yt is a l4xl vector of the endogenous variables, 

Yt-l is a l4xl vector of the endogenous variables lagged by one year. 

Zt is the vector of the exogenous variables (excluding lagged 
endogenous variables); 

A is the l4xl4 matrix of the reduced-form coefficients of Yt-l (note 
that only the columns corresponding to AFt_I' ABt-l, PFt-l, PBt-l, 
SFt-l, SBt-l, and QCt-l a~e nonzero); 

, 
B is the matrix of reduced form coefficients of Zt. 

Starting with 

by successive substitutions, we obtain 

Yt A (AYt-2 + BZt-l) + Bzt 

A2 Yt-2 + ABzt-l + BZt 

= 

s 
As+l Ar = Yt-s-l + E BZ tr=O 

_r 


Assuming that lim Ar ; 0, that is, the system is stable 18/ 

r + co 

co 

Yt = E 
r=o 

The elements of AOB = B, the matrix of reduced form coefficients of 
exogenous variables, are called impact multipliers. They give the effect of 
a unit change in an exogenous varia'ble on an endogenous variable during the 
same time period. The elements of ArB for r> 0 ar.e called delay multipliers 
and give the response to a change in an exogenous variable after a delay of r 
time periods. These two concepts, impact and delay multipliers, give the .. 

17/ The following analytical framework is based on Goldberger (~), pp. 373-375. 
18/ The reduced form matrix in the estimated model was found to be stable. 
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response to a one-time change in an exogenous variable, i.e., the variable is 
increased by one unit in a time period and then reduced to its original level. 
(An example of this kind of change is the one-time purchase of flue-cured 
tobacco by Communist China). The values for delay multipliers for periods 
2, 3, 4, and 5 are given in appendix tables 8-11.19/ 

The effect of a sustained change is measured by cumulated multipliers: 
r 

Dr = L AV B = (I + A + -- + Ar)B 

v = 0 

If the system is stable, i.e., if 

the equilibrium (or longrun) multipliers are defined as 

D = L 
r=o 

In the above discussion, the error term has been suppressed. Therefore, ~ 

in each case we get the expected effect of a given change. The cumulative 
multipliers for 5 years and longrun multipliers are given in appendix tables 2-7. 

POLICY ANALYSIS 

Before illustrating the use of the multipliers in policy ana1ysis~ it 
should be emphasized that the values for the multipliers given in appendix 
tables 2-11 a';e derived by using the 3-year (1970-72) average for average 
yields, pounds of tobacco· used per 1,000 cigarettes, and population 18 years 
old and over. Therefore, the following analysis holds for these values. 

The multiplier effects discussed here are the partial effects of a given 
change. However, these effects will in practice be mitigated by the influence 
of other factors which may change in the meantime. But the model enables us 
to isolate for analytical purposes the impact of a single possible policy 
change. To demonstrate the use of multipliers three possible policy changes 
are considered below: (1) A 6.5-cent-per-pound increase in support rate for 
flue-cured tobacco, (2) a 30-million-pound increase in burley poundage quota, 
and (3) a l-cent-per-pack increase in Federal and State cigarette taxes. 

Consider a possible 6.5-cent-per-pound increase in the support rate for 
flue-cured tobacco. Using the coefficients from the column headed SPF in 
appendix tables 2-6, the effects on the following variables are calculated: 
flue-cured acreage, flue-cured price, flue-cured yearend stocks, flue-cured 
production, flue-cured cigarette use, per capita cigarette consumption, total 
domestic cigarette consumption, retail tobacco price, and cigarette production. 

19/ The delay multipliers for period 1 are identical to those given in 
appendix table 2. 

28 



The effects for the years 1-5 are given in table 7. It may be noted that a 
rise of 6.5 cents per pound in the support rate is estimated to lead to a rise 
of 8.33 cents per pound in the price of flue-cured tobacco. The higher tobacco 
price is estimated to lead to a rise in the.retail tobacco price index of 0.38 
percentage points, a decline in per capita consumption of about 13 cigarettes, 
a decrease of 1. 82 million pounds in use of flue-cured tobacco in cigarette 
manufacturing, anti a decline in cigarette production of 1.74 billion. The 
following year, as a result of the higher support rate and the higher flue-cured 
price, flue-cured acreage may be exBected to increase by 18,840 acres and leaf 
production, by 38.02 million pounds. 

Another example of the use of the multipliers is given in table 8. This 
shows the expected impact of an increase of 30 million pounds in burley pound
age quota. The first-year effect is increased burley acreage of 12,760 acres, 
increased leaf production of 31.12 million pounds, and an increase of 31.04 
million pounds in the yearend carryover. The effects on leaf use and cigarette 

~ 	 production and consumption are small, perhaps because of the dominant role of 
flue-cured tobacco in cigarette manufacturing. 

The last case of policy analysis considered is a possible l-cent-per-pack 
increase in Federal and State cigarette taxes. The results of this analysis 
are shown in table 9. Since tax is the major component in the retail cost of 
cigarettes, the index of retail tobacco prices goes up by 2.19 points. Per 
capita cigarette consumption declines by about 72 cigarettes, causing a 
decrease of 9.95 billion in cigarette production. This results in an increase 
of 10.4 million pounds in yearend flue-cured stocks and 7.8 million pounds in 
yearend burley stocks. 

Another question which may be analyzed is the impact of increased exports 
(or lower exports, assuming an alternative source of supply, Rhodesia, opens 
up). To study the impact of technological change, a new reduced form can be 
calculated by changing the multiplicative factors. The average yield per 
acre embodies the technological change in production 20/ and the pounds of 
tobacco used per 1,000 cigarettes in the manufacturing sector. The impact on 
the. tobacco market of changes in anyone or all of these coefficients can be 
traced. Similarly, we can study the effect of change in the percentage of 
cigarettes that are filter-tipped,which embodies the changing trend in tastes 
and habits. 

20/ This is only one dimension of the problem since output is measured in 
terms of land. Another equally important aspect of technological change is 
output in terms of labor. 
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Table 7--The expected cumulative impact of a possible 6.5-cent-increase in support rate for flue-cured 
tobacco 

Year 

Variable 
1 	 2 3 4 5 

Flue-cured acreage, 1000 acres •.•.••..... : 18.84 	 26.68 29.79 30.88 

8.17 	 7.96Flue-cured price, cents/pound .•......•••. : 8.33 8.26 	 8.07 

42.86 100.48 164.87 231. 75Flue-cured yearend stocks, million pounds: 1.82 

-29.57 -31.56 
w Per capita cigarette consumption, number.: -12.64 -20.92 -26.25 
0 

62.33Flue-cured production, million pounds ••.. : 38.02 	 53.84 60.13 

-3.78 -4.55Flue-cured cigarette use, million pounds.: -1.82. -3.02 -4.26 

-3.61 -4.34Cigarette consumption, billion•..•...••.• : -1. 74 -2.88 -4.07 

.37 .37 .36Retail tobacco price, index.••••.•.•..••. : .38 .38 

-4.07 -4.34Cigarette production, billion.•.•.•.•...• : -1.74 -2.88 	 -3.61 

,. 	 .. j,. ....f 
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Table 8.--Expected cumulative impact of a possible increase of 30 million pounds in poundage quota for 
burley tobacco 

Year 
Variable 

1 2 3 4 5 

Burley acreage, 1,000 acres .....•.•.... : 12.76 15.21 14.96 14.07 13.07 
: 

Burley pri'ce, cents/pound •..••.•..•.•.. : -.64 -1.40 -2.14 -2.84 -3.48 

Burley yearend stocks, million pounds .. : 31. 04 67.89 103.95 137.61 168.60 

Burley production, million pounds •..... : 31.12 37.09 36.50 34.32 31. 88 

Burley cigarette use, million pounds ... : .08 .23 .44 .66 .88 
w 
I-' 

Per capita cigarette consumption, 
number ................................ : .77 2.19 4.02 6.08 8.21 

Cigarette consumption, billion.•...•.•• : .11 .30 .55 .84 1.13 

Retail tobacco price, index•.•.•.•.•••• : -.02 -.05 -.08 -.10 -.13 

Cigarette production, billion..•.••.••• : .11 .30 .55 .84 1.13 



Table 9--Expected cumulative impact of a possible 1-cent-per-pack increase in Federal and State cigarette 
taxes 

Year 
Variable 

1 2 3 4 5 

Flue-cured acreage, 1,000 acres .•.•••••.• : -0.01 -0.01 

Burley acreage, 1,000 acres •••.•.•.•.•.•• : -0.18 -.51 -.94 

Flue-cured price, cents/pound ••••.. ~ ••..• : -0.02 -.04 -.08 -.12 

Burley price, cents/pound ••••••••••.••••• : -.16 -.42 -.73 -1.07 

Flue-cured production, million pounds •••• : -.01 -.02 
w 
N 

Burley production, million pounds •••••••• : -.44 -1.25 -2.30 

Flue-cured yearend stocks, million pounds: 10.43 27.77 49.67 74.53 101.30 

Burley yearend stocks, million pounds •••• : 7.83 20.84 36.83 54.24 72.03 

Flue-cured cigarette use, million pounds.: -10.43 -17.34 -21. 90 -24.87 -26.79 

Burley cigarette use, million pounds ••••• : -7.83 -13.01 -16.43 -18.66 -20.10 

Per capita cigarette consumption, number.: -72.36 -120.33 -151. 94 -172.56 -185.83 

Cigarette consumption, billion••••••••••• : -9.95 -16.54 -20.89 -23.72 -25.55 

Retail tobacco price, index ••••••••.••••. : 2.19 2.19 2.18 2.16 2.15 

Cigarette production, billion•••••••••••• : -9.95 -16.54 -20.89 -23.72 -25.55 

.. ~ 
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APPENDIX TABLE l.--REDUCED FORl1 OF THE SYSTEM 

-------~---~----------------------------------------------------------------------------------------------------..-----------
EXOGENOUS VARIABLESENOOGENOUS 


VARIABLES ALB Pf.l8 
 SF (T-U
A8CT-ll PB CT-I)

Ill" IT-l ) PFn-ll ALI" 

-------~---------------------------------------------------------------------------------------------------------------------
0.00.00.0

AI" 0.42380 2.26244 0.64657 0.0 0.0 

0.98670 0.42539 0.01.119460.247790.0 0.0Jl8 0.0 
-0.001600.0 0.0 0.0

-0.00209 0.0PI" -0.00137 -0.00731 
0.0-0.05602 -0.04938 -0.02129-0.01240

P8 0.0 0.0 0.0 
0.00.0 0.00.0QPF 0.8<;530 4.56599 1.30489 0.0 

0.0 
0.0 0.60427 2.72996 2.40621 1.03737 

QPP 0.0 0.0 


-0.00853 -0.00'168 
 0.99965 
1.30443 -0.00214 -0.00968 

SF 0.8<;500 4.56439 


2.39Q81 1.03461 
 -0.000262.722700.60266S8 -0.00022 -0.00120 -0.00034 

0.00,68 0.000350.00968 0.00853 
DF 0.00030 0.00160 0.00046 0.00214 

0.00;;076 0.000260.00726 0.006400.00034 0.00161
OF! 0.00022 0.00120 

a- 0.00243 
w 

0.06715 0.05919 0.02552
0.00311 0.014860.00208 0.01109 

0.00033 
QC 

0.on814 0.00,51
0.00044 0.00204 0.00923

QCC 0.01l029 0.00152 
-0.00007-0.00204 -0'.00119 -0.00077-0.00045-0.onOO6 -0.00034 -0.00010PC 

0.00814 0.00,51 0.00033
0.00204 0.0.0923 

QCI:> 0.on029 0.00152 0.00044 

-------------------------------------------------------------------------------------------------------------------------~---

CONTINUED 
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APPENDIX TABLE l.--liliIJUCED .FORM OF THE SYSTEM - CONTINUED 

-------------------------------------------------------------------------------------------------~---------------------------
ENnOGf.tlOUS EXOGENOUS VARIABLES
VARIABLES 


iPF OF SQ(T-ll SPB 
 'UB XF XR OOF 

------------~---------------------------------------------------------------------------------------------------------~------
AF 0.0 0.0 0.0 0.0 0.0 0.• 0 0.0 0.0 
AB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PF 1.21'l099 0.20951 0.0 0.0 0.0 0.0 0.0 0.0 
PB 0.0 O. ti -0.02052 0.50941 0.42966 0.0 0.0 o.n 
QPF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
QPE' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SF 0.2P019 0.0451j3 -0.00355 0.08802 0.07424 -1.00000 Q.O -1.00000 
SR 0.2J021 0.03438 1).99134 0.06f104 0.05570 0.00000 -1.00000 0.00000 
OF -0.2A01Q -0.04583 0.00~55 -0.08A02 -0.01424 -O.OnOOD 0.0 -0.00000 
Of! -0.21021 -0.03438~ 0.00266 -0.06604 -0.05510 -0.00000 0.0 -0.00000 
QC -1.94386 -0.31192 0.02460 -0.61064 -0.51505 0.0 0.0 0.0 
QCC -O.2ft122 -0.04311 0.00338 -0.08395 -0.01080 0.0 0.0 0.0 
PC 0.0'i891 0.00964 -0.00015 0.018.,1 0.01561 0.0 0.0 0.0 
QeD -0.2"'12?-' -0.04311 0.00338 -0.08395 -0.01080 0.0 0.0 0,.0 

------------------------------------------------------.-._-----------------------------------------------------------------~--

CONTINUED 
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APPENDIX TABLE L--REDUCED FORM OF THE SYSTEH - CONTINUED 

ENnOGF,;~JOUS fXOGENOUS VARIABLES 
VMr I AflLES 

UOB (JC(T-l) FL vex TX CONSTANT 

--------------------.------.-------------------------------------------------------.--------------------.--------------------
AF 0.0 0.0 1).0 0.0 0.0 0.0 -198.15318 


AB 0.0 O.U 0.0 0.0 u.o 
 0.0 -149.23199 


PF 0.0 0.0 0.0 0.0 
 0.0 0.0 -5.45090 


PB 0.0 0.0 0.0 0.0 
 0.0 0.0 61.40'127 


QPr 0.0 0.0 0.0 0.0 0.0 0.0 -1610.1l1f:!89 


QPR 0.0 0.0 0.0 0.0 0.0 0.0 -363.92310 


SF 0.0 -0.00544 -0.09600 -1.60910 -1.04851 10.42916 -1875.96125 


SR -1.00000 -0.00408 -0.01203 -1.?0725 -0.1A666 1.8251)8 -562.85 4 54 


DF 0.0 0.00544 0.09600 1.60910 1.04851 -10.42976 265.14A35 


OR 0.0 0.004u8 0.01203 1.?0725 0.78666 -7.82508 198.93144 

F 

Qe 0.0 0.03171 0.66603 11.16354 0.0 -72.35924 1839.53655 


Qce 0.0 0.00!'18 0.09156 1.53465 0.0 -9.<14122 252.88109 


PC 0.0 0.0 0.0 0.1) 0.0 2.19300 59.27<;93 


QCP 0.0 0.00518 0.09156 1.53465 1.00000 -9.94722 252.88109 

--------------------.-------------------------------------------------------------------------------------------------------
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APPENDIX TABLE 2.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT 

CHANGE HI EXOGENOUS VARIABLES ON ENDOGENOUS VAR.IABLES FOR. YEAR. 1 


----------------------~------------------------------------------------------------------------------------------------------

ENnOGE~;OUS EXOGENOUS VARIABLES 
VARIABLES 


ALf PQB SPf QF SPA QB 
 XF 

--------------------.------------------------------------------------------------------------------------------------------.-
AF 0.64657 0.0 0.0 0.0 0.0 0.0 0.0 

AB 0.0 0.42539 O.u 0.0 u.O 0.0 O.n 


PF -0.00209 9. 0 1.28099 0.20951 0.0 0.0 0.0 


PB 0.0 -0.02129 0.0 0.0 0.50941 0.42966 0.0 


QPF 1.3n4A9 0.0 0.0 0.0 0.0 0.0 0.0 


QPe 0.0 
 1.03737 0.0 0.0 0.0 0.0 0.0 


SF 1.3n443 -0.00368 0.28019 0.04583 0.08802 0.07424 -1.00000 


S8 -0.00034 1.03461 0.21021 0.03438 0.06604 0.05570 0.00000 


OF 0.On046 0.00368 -0.28019 -0.04583 -0.08802 -0.07424 -0.00000 


... DB 0.01)034 0.00276 -0.21021 -0.03438 -0.06604 -0.05570 -0.00000'" 
QC 0.on317 0.02552 -1.94386 -0.31792 -0.61064 -0.515u5 0.0 

QCC- 0.On044 0.00351 -0.26722 0.04371 -0.08395 -0.07080 0.0Q 

PC -0. anOIa .-0.00077 0.05891 0.00964 0.01851 0.01561 0.0 


QCP 0.On044 0.00351 
 -0.26722 -0.04371 -0.08395 -0.07080 0.0 

--------------------.--------------------------------------------------------------~-----------------------------------------

CONTINUED 
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APPENDIX TABLE 2,--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A. UNIT 
CIWlGE IN EXOGENOUS VARIAIlLES ON ENDOGENOUS VARIABLES FOR YEAR 1 

CONTINUED 

--------------------------------------------------------------------------------------------------------.--------------------

ENr,OGE~IOUS EXOGENOUS VARIABLES 

VARIAflLES 


)(R OoF 00t! FL QC)( TX 


--------------------.------.-------------------------- --~--------------------------------------------------------------------

AF 0.0 0.0 0.0 0.0 0.0 0.0 


AB 0.0 0.0 O.U 0.0 0.0 0.0 o.n 


PF 0.0 0 0 0 0.0 0.0 0.0 0.0 0.0 


PB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


QPF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


QP!, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


SF 0.0 -1.00000 0.0 -0.n05.4 -1.60910 -1.0.851 10.42«:116 


Sr:! -I.Onooo 0.00000 -1.00000 -0.00408 -1.20125 -0.18666 1.820;08 


OF 0.0 -0.00000 0.0 0.00544 1.60910 1.04851 -10.42'H6 


~ O~ 0.0 -0.00000 0.0 0.00408 1.20125 o • 18M'>6 -1.820;08
0 

ac 0.0 0.0 0.0 0.03171 11.16354 0.0 -12.35924 


acc 0.0 0.0 0.0 0.00518 1.53465 0.0 -9.94722 


PC 0.0 0.0 0.0 0.0 0,0 0.0 2.19300 


acp 0.0 0.0 0.0 0.00518 1,53465 1.00000 -9.94"22 


----.----------------------------------------------------------------------~-------------------------------------------------
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APPENDIX TABLE J.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANGE 

IN EXOGENOUS VARIABLES ON ENDOGENOUS VARTABLES FOR YEAR 2 


ENDOGENOUS EXOGENOUS VARIABLES 
VARIABLES 

ALf PQB SPf Qf SPA Q8 Xf 

--------------------.------.-----------.-----------------------------------------------------------------~-_•_____________ e ___ 

Af 0.91586 0.0 2.89816 0.47400 0.0 0.0 

AB 0.0 0.50697 0.0 0.0 0.57026 0.48099 0.0 

~F -0.00504 0.00001 1.27118 0.20791 
 -0.00014 -0.00012 0.00160 


Pi'! o.onOOl -0.04660 -0.00431 -0.00071 0.47952 0.40445 
 -0.00000 


QPF 1.84837 0.0 5.84899 0.95662 0.0 0.0 0.0 


QPA 
 0.0 1.23631 0.0 0.0 1.39067 1.17295 0.0 


Sf 3.1<;139 -0.01418 6.59108 1.07832 
 0.22946 0.1~354 -1.99 Q65 

-11.00140 2.263(J'5 0.55827 0.09131 1.56283 1.31816 0.001)26 

0.00141 0.01050 -0.46391Of -0.07587 -0.14144 -0011930 -0.001)35 
.... DR 0.00106 

QC 0.00976 0.072<15 -3.21~47 -0.52639 -0.98131 

I-' 0.00788 -0.34805 -0.05693 -0.10612 -0.08951 -0.00026 

-0.82768 -0.00~43 


Qce 
 0.00134 0.01001 -0.44244 -0.07236 -0.13490 -0.11378 -0.00'133 


PC -0.On023 -0.00169 0.05A31 0.00954 0.01741 
 0.01469 0.00007 

QCP 0.on134 0.01001 -0.44244 -0.07236 -0.13490 -0.11378 -0.001)33 

-----------------------------------------------------------------------------------------------------------~-----------------

CONTINUED 
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APPENDIX TABLE 3,.--EXI'ECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHAliCE 

IN EXOGENOUS VARIABLES ON ENDOGENOUS VARIABLES FOR YEAR 2 - CONTINUED 


------------------------------------------------------------------------------------------------~--------------------~-------
EXOGENOUS VARIABLESEN(lDGENOU'5 

VARIAf:lLES 	 De)!' TXFL;(1) OOF 	 DOb 

--------------------------------------~--------------------------------------------------------------------------------------
0,0 0.0 	 0.00.0 	 0.0 

0,0 0.0 
AF 	 0.0 0.0 

0.00.0 	 0.0 

-0.01669 
AS 	 0.0 0.0 

0.00160 0.0 	 0.00001 0.00257 0.001"8 

0.0;>477 

PF 	 0.0 
0.01614 -0.16')57

PR 0.07Q52 	 -0.00000 0.020'52 0.00008 

0.0 0.0 	 0,0
0.0 0.0QPF 0.0 0.0 

0.0 0.0 	 0.00.0 0.0QPl> 0.0 0.0 


0.00355 -0.01447 -4.28506 
 -2.09386 27.77467 
SF 0.003'5'5 -1.99965 


-1.51095 20,A3R35
-1.99734 -0.0'1086 -3.21493-1.9'H34 0.00026 

1'.04535 -17.344910.00 9 0(,. 2.67596
OF -0.00355 -0.00035 -0.00355 


0.78429 -13.01327 
.,. DEI -0.00266 -0.00021', -0.00266 0.00678 2.00768 

'" 18.56519 -0.02190 ,-120.334A6 
QC -0.07460 -0.002'.3 -0.02460 0.06271 


2.55216 -0.00301 -16.5424 3 

Qce -O.0033~ -0.00033 -0.00338 0.00862 


0.00102 0.00D6u 
 2.186400.00075 0.00000 

O.99n99 -16.54;>43 
PC 	 0.00075 0.00007 

2.55216 
QCP -0.0033;" 	 -0.00033 -0.0033a 0.00862 

-------~-----~---------------------------------------------------------------------------------------------------------------

.. .. .. • .. .. .-.. ~ > ~, 
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APPENDIX TABLE 4.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANGE 

IN EXOGENOUS VARIABLES ON ENDOGENOUS VARIABLES FOR YEA'1. 3 


EXOGENOUS VARIABLESENnOGfNQUS 

VAPIABLES 


OF spq Q8 XFALF paR SPF 

-------------------~--------------------~--------------------------~---------------------------------------------------------
0.67126 -0.00032 -0.00027 0.00362

AF 1.0?33n O.OOO'll 4.10 4 22 


0.57195 -0.00000
-0.00483 -0.0007'< 0.67811AS 	 a.onocn 0.49885 

1.25719 0.2056i'! -0.00037 -0.00011 0.00119 

0.44341 0.37'399 -0.00001 

PF -0.on83'; 0.00002 

-0.Gl121 -0.001133 

1.35471 -0.00064 -0.00054 0.00731 

p". 	 0.01l003 -0.07140 

QPF 2.01;519 0.0001)3 1l.28301 


1.39417 -0,00000

QPR 0.On002 1.21651) -0.01178 -0.00193 	 1.65366 


0.39956 
 0.33701 -2.99142
SF 5.21383 -0.0334l1 15.45810 2.<;2822 


2.82098 0,00'196

SB -0.on345 3.46505 0.98316 0.16080 3.34459 


-0.14401 -0,00093

0.00276 0.01933 -0.58?02 -0.09519 	 -0.17074 

-0.12A10 -0.10A05 

OF 

-0.00070 
.0- DB 	 0.011207 0.01450 -0.43667 -0.07142 
w 

ac 0.01913 0.13407 -4.03790 -0.66041 -1.1B455 -0.99910 -0.00645 

-0.00'189
QCC 0.00263 0.011l43 -0.55<;09 -0.09019 -0.16284 -0.13735 


0.01357 0.001)15
0.00939 0.01609 

-0.001'189 

PC -0.on038 -0.00259 0.05741 

QCP 0.00263 0.01843 -0.55<;09 -0.09079 -0.16284 -0.13735 

CONTINUED' 



-----------------------------------------------------------------------------------------------------------------------------

APPENDIX TABLE 4.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANGE 

IN EXOGENOUS VARIABLES ON ENDOGENOUS VARIABLES FOR YEAR 3 


ENDOGENOUS EXOGENOUS VARIABLES 
VARIABLES 

Xfl OOF 008 FL UCl( TX 

--------------------------------------------------------------------------------------------------------------------------._. 
AF 0.0 0.00362 0.0 0.00002 0.00582 0.00380 -0.03775 


AB 0.0?297 -0.00000 0.02297 0.00009 0.02773 
 0.01807 -0.17975 


PF -o.onOOl 0.00319 -0.00001 0.00002 0.00684 
 0.00'134 -0.04t..32 


PB 0.03984 -0.00001 0.03984 0.00022 0.06458 
 0.03133 -0.41A61 


QPF" 0.0 0.00731 0.0 0.00004 0.01176 0.00766 
 -0.071\20 


QPB 0.0<;602 -0.00000 0.05602 
 0.00023 0.06763 0.04407 -0.43835 


SF 0.01279 -2.99142 0.01279 -0.02585 -7.65202 -3.12647 
 49.59845 


SB -2.93439 0.00096 -2.93439 
 -0.01919 -5.6B223 -2.30136 36.831)78 


OF -0.00924 -0.00093 -0.00924 0.01141 3.37871 1.04026 
 -21.89991 
~ 
~ 

DB -0.00693 ... 0.1)0070 -0.00693 0.00856 2.53493 0.78047 -16.43077 


QC -0.06413 :-0.00645 -0.06413 0.07918 
 23.44072 -0.05721 -151.93682 


QCC -0.00882 -0.00089 -0.00882 
 0.01089 3.22240 -0.00786 -20.88675 


PC 0.00145 0.00015 0.00145 0.00001 0.00266 0.00129 
 2.11<;75 


QCP -0.00882 -0.00089 -0.00882 0.01089 
 3.22?40 0.99214 -20.88ft75 

-------------------------------------------------------------------------------------------~---------------------------------

;. 
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APPENDIX TABLE 5.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANGE 
IN EXOGENOUS VARIABLES ON ENDOGENOUS VARIABLES FOR YEAR 4 

---~-------------------------------------------------------------------------------------------------------------------------

ENQOGENOUS EXOGENOUS VARIABLES 
VARIIIFlLES 

ALF PQf:j SPF QF SPFl Qf:j XF 

4.58368 0.74968 -0.00096 -0.00081 0.001375 


~B 0.00003 0.46907 -0.01'375 -0.00225 0.66441 0.56039 -0.00001 


PF -0.01177 0.00005 1.24146 0.20304 -0.00064 -0.00054 0.00.76 


PR 0.00007 -0.0945Fl -0.01949 -0.00319 0.40153 0.34373 -0.00002 

QPF 2.14201 0.00011 9.25065 1.51297 -0.00194 -0.00164 0.01765 


QPFI 0.on008 1.14389 -0.03353 -0.00548 1.62025 1.36659 -0.00001 


SF 7.3<;144 -0.06256 25.36456 


AF 1.06136 0.00006 

4.14845 0.58161 0.49055 -3.97211 

SA -0.OOf,67 4.58703 1.44166 0.23519 5.10287 4.30400 0.00219 

OF 0.,00440 0.02920 -0.65<;81 -0.10726 -0.18399 -0.15519 -0.00166 

.0- DB 0.00330 0.02191 -0.49203 -0.08047 -0.13804 -0011643 -0.00124 
\J1 

QC 0.03052 0.20259 -4.54987 -0.74415 -1.27650 -1.07666 -0.01149 


QCC 
 0.00420 0.02785 -0.62547 -0.10230 -0.17548 -0.110801 -0.00158 


PC -0.00054 -0.00343 0.05639 0.00922 
 0.01478 0.01246 0.00022 


QCP 0.00/.20 0.02785 -0.62547 -0.10230 -0.17548 -0.14801 -0.00158 


---------------------------------------.-------------------------------------------------------------------------------------
CONTINUED 

http:0.00/.20


-----------------------------------------------------------------------------------------------------------------------------

APPENDIX 'rABLE 5.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANCE 
IN EXOGENOUS VARIABLES ON ENDOGENOUS VARIABLES FOR YEAR 4 - CONTINUED 

EtJnOGnJous EXOGENOUS VARIABLES 

VARIAI3LES 


XA ODF 008 FL (JCX TX 


AF -O.OnOOl 0.0087" -0.00001 0.00006 0.01194 0.0r;916 -0.11627 


AB 0.0,029 -0.00001 0.05029 0.00027 0.07917 0.03<;55 -0.51116 


PF -0.on002 0.00476 -0.00002 0.00004 0.01219 0.00497 -0.07A98 


PB 0.0"770 -0.000ll2 0.0!>770 0.00038 0.11264 O.04~37 -0.73009 


QPf -0.00003 0.01765 -0.00003 0.00012 0.03620 0.01849 -0.2341',5 


QPP 0.1:>263 -0.00001 0.12263 0.00065 0.19307 0.09645 -1.25140 


Sf 0.02881:l -3.97211 0.02R8a -0.03869 -11.45311 -4.14207 74.23~IR 


SA -3.7 Q 966 0.00219 -3.79966 -0.02827 -8.36815 -2.98675 54.24~24 


DF -0.01612 -0.00166 -0.01"12 0.01296 3.83730 1.03409 -24.87~38 


..,. DB -0.01209 -0.00124 -0.01209 0.00973 2.87899 0.775"l4 -16.66~87a

ac -0.11184 -0.011"9 -0.11184 0.08993 26.62225 -0.10003 -172.55A69 


ncc -0.01538 -0.00158 -0.01538 0.01236 3.65976 -0.01375 -2~.72164 


PC 0.00210 0.00022 0.00210 0.00002 0.0046'5 CI.oo188 2.162A4 


QCP -0.0153fl -0.00158 -0.01538 0.01236 3.65976 n.9d625 -23.72164 


~~ ~.. ~ .. ., .. .. ~ 4 .... • 4 .. .. ... .. ~.. .. .. 



-----------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

"'., ,..-~ ....... ; .... 
~ ~ ..., . ., .,' ., ',. ... ... 


~ f~.. " 

" 
APPENDIX TABLE 6.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANGE 


IN EXOGENOUS VARIABLES ON ENDOGENOUS VARIABLES FOR YEAR 5 


EXOGENOUS VA~IA8LESENDOGENOUS 
VARIARLES 

ALf P(.)!i SPf OF SPR OH XF 

--------------------------------------------------------------------------------.---------------------------------------------
I1F 1. ,,<,975 0.00014 4.75126 0.7170<;' -0.0018':i -0.0015b 0.01447 

Ail O.OIlOOG 0,,43575 -0.02522 -0.00413 0.62085 0.52165 -0.00002 

PF -0.01527 0.00010 1. 22<;06 0.?0036 -0.00092 -1,1.00078 0.00.,31 

PF! 0.0.0013 -0,,1l5'i3 -0.02!i32 -0.1)0463 0.37363 0.31514 -0.00'104 

OPF 2.1<;&93 0,.00029 9.5A890 1.56829 -0.00373 -0.00114 0,02=121 

Q?~' 0.00021 1,.06263 -0.06151 -0.01006 1.51403 1.27700 -0.00006 

SF 9.50413 -0.10173 35.65331 5./'.3121 0.76478 0.64505 -4.941)43 

S"I -0.01113 5.62006 1.90<;22 0.31161 6.75712 5.69927 0.001 9 9 

nF 0.on624 0.03946 -0.69985 -0.11446 -0.18690 -0.15764 -0.00~48 

~ OR 0.0046R 0.02960 -0.52507 -0.08588 -0.14022 -.0 • 11 J3 2 7 -0.00186 

QC 0.04326 0.27375 -4.85539 -0.79411 -1.29667 -1.09367 -0.01717 

GCC 0.00595 0.03763 -0.66741 -0.10917 -0.17825 -0.15035 -0.00236 

PC -0.011069 -0.00 4 21 0.05531 0.00905 0.01351 0.01141 0.00029 

QCP. 0.on595 0'.03763 -0.66747 -0.10917 -0.17825 -0.15015 -0.OO?36 

CONTINUED 



-----------------------------------------------------------------------------------------------------------------------------

APPENDIX TABLE 6.--EXPECTED CUMULATIVE MULTIPLIER EFFECTS OF A UNIT CHANGE 
IN EXOGENOUS VARIABLES ON ENl}XENOUS VARIABLES FOR YEAR 5 - CONTINUED 

---------------------------_ .. --------------------------------_._--------------------------------------------------------------
ENDOGENOUS EXOGENOUS VAPIARLES 
VARIARU<; 


Xl'! I)OF (lDl:l FL UCX 
 IX 

----------------------------,----------------------------------,---------------------------------------------------------------
Af -0"POo05 IO.014b7 -0.00005 0.00 1012 0.03517 0.01513 -0.22797 


AS 0.07705 -'0.00002 0.07705 0.00049 0.14571 0.0605Q -0.94446 


PF -0.00005 10.00631 -0.00005 0.00006 0.01A21 0.Oof!58 -0.llA04 


PB 0.07411 -i).00004 0.07411 0.00056 0.16442 0.0!:>A26 -1.06<;75 


QPI'" 
 -0.00010 1).02Q21 -0.00010 0.00024 0.07098 0.03054 -0.46007 

QP'l 0.lA790 -I).OOOU~ 0.18790 0.00120 0.35534 0.14775 -2.30120 


SF 0.0<;231 -,~.94043 
 0.05231 .. 0.05241 -15.51459 -5.13A93 100.56166 

5B -4.5Q411 10.00399 -4.59411 -0.03754 -11.11325 -3.6091l2 72.03130 

OF -0.07353 -0.01J24A -0.02353 0.01396 4.1324f! 1.02740 -26.7855'5 

~ 3010044 0.77082 -20.09~25DB -0.01766 -O.OOlaf! -0.01766 0.01047 

QC -0.16326 -0.01717 -0.16326 0.09685 28.67002 -0.14644 -185.83184 


acc -0.07244 -0.00236 
 -0.02244 0.01331 3.94127 -0.02013 -25.54630 


PC 0.00269 0.00029 
 0.00269 0.00002 0.00681 0.00242 2.14A8S 


QCP 
 -0.07244 -0.00236 -0.02244 0.01:331 3.94127 0.9791>.7 -25.54630 

.. A ..&. 
I 4 .. ~ 
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APPENDIX TABLE 7.--EXPECTED LONGRUN CUMULATIVE MULTIPLIER EFFECTS OF A UNIT 
CHANGE IN EXOGENOUS VARIABLES ON ENDOGENOUS 

fNOOG£NOUS EXOGENOUS VARIABLES
VARIABLES 


AlF PQI:! SPF QF 
 SPH UI:I XI'" 

.F 0.0779,., 0.08189 -0.00000 -0.00000 0.0 -0.00000 0.46107 

AB 0.04841 0.05084 0.00000 
 0.00000 -0.00000 -0.00000 -0.112137 

PF -0.26593 0.0(!Oa5 -0.00000 
 -0.00000 0.00000 0.00000 0.11143 
FIB O.O~253 -0.34583 0.00000 0.00000 -0.00000 -0.00000 -0.01436 
QPF 0.15734 0.16526 -0.00000 -0.00000 0.00000 O.OOOIlO 0.93!l52 

QPS 0.11804 0.12399 0.00000 
 0.00000 -0.00000 -0.00000 -0.05'-12 

SF 166.04858 -13.19963 
 800.61875 130.94375 -0.00000 -0.00000 -74.32'-14 

S9 -1.70312 16.72941 
 -0.00000 -0.00000 24.82505 20.93860 0.75?05 


, OF 0.15734 0.16526 
 0.00000 0.00000 -0.00000 -0.00000 -0.06Q48 

DB 0.11804 0.12399
t- 0.00000 0.00000 0.0 -0.00000 -0.05'-12 

QC 1.OQ156 
 1.14654 -0.00000 -0.00000 -0.00000 0.0 -0.48'-00 
Qce 0.1"1006 0.15162 -0.00000 -0.00000 -0.00000 0.0 
 -0.061'.26 

PC 
 -0.01105 -0.01160 0.00000 0.00000 0.00000 0.00000 0.004AA 

QCP 0.10;006 
 0.15162 -0.00000 -0.00000 -0.00000 0.0 -0.06626 

------------------------------------------------._--.------------------------------------------------------------------------

CONTIWED 

http:0.061'.26


APPENDIX TABLE 7.--EXPECTED LONGRUN CUMULATIVE MULTIPLIER EFFECTS OF A UNIT 
CHANGE IN E¥OGENOUS VARIABLES ON ENDOGENOUS - CONTINUED 

------------------------------------------------------------------------------------------------------------------ -.---------
ENOOGENOUS EXOGENOUS VARIABLES 
VARIABLES 

XI'! ODF 008 FL (;lCX TX 

--------------------.------.-------------------------------------------------------------------------------------------------
Ar -0.0">93e. 0.46107 -0.05938 0.00678 2.006B6 0.43673 -13.00793 

AB 0.37320 -0.02131 0.37320 0.00 4 21 1.24607 0.27117 -8.01668 

Pr -0.01512 0.11143 -0.01512 0.00173 0.51111 0011123 -3.31281 

PB 0.2<;077 -0.01436 0.25077 0.00283 0.83728 0.18221 -5.42704 

QPr -0.11983 0.93052 -0.11';83 0.01368 4.05018 0.88140 -26.25222 

QPe 0.91009 -0.05212 0.91009 0.01026 3.03870 0.66128 -19.69"11 

SF 9.57119 -74.32214 9.57119 -1.09274 -323.49248 -70.39824 2096.79639 

SR -13.13067 0.75205 -13.13067 -0.14810 -43.84188 -9.54084 284.17196 

Dr -0.11983 -0.06948 -0.11983 0.01368 4.05018 0.88140 -26.25?22 

DEI -0.OR991 -0.05212 -0.08991 0.01026 3.03870 0.66128 -19.69611 

QC -0.83131 -0.48200 -0.83137 0.09492 28.09917 -1.15939 -182.13170 

QCC -0.11429 -0.06626 -0.11429 0.01305 3.86279 -0.15938 -25.03764 

PC 0.00841 0.00488 0.00841 0.00018 0.05392 0.01113 1.84348 

QCP -0.11429 -0.06626 -0.11429 0.01305 3.86219 0.84062 -25.03764 

----------------------------------------------------------------------------------------------------------------.------------
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APPENDIX TABLE 8.--EXPECTED VALUES OF INTERIM MULTIPLIERS FOR DELAY .PERIOD = 2 

-------------------------------------------------------------------------------------------------------------~----------

EXOGENOUS VARIABLESENDOGENOUS 
VARIABLES 

ALF PQB SPF QF SPR QB XF 

A':: 	 0.26929 0.0 2.89816 0.47400 0.0 0.0 0.0 

0.0AB 0.0 0.0815J3 .0.0 0.0 0.51026 0.48099 


-0.00012 0.00160
PF -0.00296 0.00001 -0.00981 -0.00160 -0.00014 


PB 0.00001 -0.02531 -0.00431 -0.00071 -0.02989 -0.02521 -0.00000 


0.0 	 0.0 0.0QPF 0.54348 0.0 5.84899 0.95662 


QPB 0.0 0.19894 0.0 0.0 
 1.39067 	 1.17295 0.0 

0.11930 -0.99Q65SF 1.84696 -0.01050 6.31289 1.03249 0.14144 


5B -0.00106 1.22843 0.34805 
 0.05693 1.49679 1.26246 0.00026 

-0.04506 -0.00035OF 0.00090:; 0.00682 -0.18372 -0.03005 -0.05343 

DB 0.00071 0.00512 -0.13784 -0.02254 -0.04008 -0.03381 -0.00026 

'" QC 0.00659 0.04733 -1.27462 -0.20847 -0.37066 -0.31263 -0.00243i-' 

QCC 0.00091 0.00651 -0.17522 -0.02866 -0.05095 	 -0.04298 -0.00C33 


-0.00092 0.00007
PC -0.00014 -0.00092 -0.00061 -0.00010 -0.00109 


QCP 0.00091 0.00651 -0.17522 -0.02866 
 -0.05095 	 -0.042<HI -0.00033 

---------------------~--------------------------------------------------~-----------------------------------------------

<;ONTINUED 

"." 



APPENDIX TABtE 8.--EXPECTED VALUES OF INTERIM MULTIPLIERS FOR DELAY PERIOD = 2 
CONTINUED 

--------------------------------------------------------------------------------------------------------.--------------. 
ENDOGENOUS EXOGENOUS VARIABLES 
VARIABLES 

)(P, ODF OOB FL QCX Tx 

AF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

AB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PF 0.0 0.00160 0.0 0.00001 0.00257 0.00168 -0.01669 

PB 0.02052 -0.00000 0.02052 O.OOOOB 0.02477 0.01614 -0.16057 

QPF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

OPB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

SF 0.00355 -0.99965 0.00355 -0.00904 -2.67596 -1.04535 17.34491 

SB -0.99734 0.00026 -0.99734 -0.00678 -2.00768 -0.78429 13.01327 

OF -0.00355 -0.00035 -0.00355 0.00360 1.06686 -0.00316 -6.91514 

DB -0.00266 -0.00026 -0.00266 0.00270 0.80043 -0.00237 -5.1RA19 
<.n 
N QC -0.02460 -0.00243 -0.02460 0.02500 7.40165 -0.02190 -47.97r;62 

QCC -0.00338 -0.00033 -0.00338 0.00344 1.01750 -0.00301 -6.59521 

PC 0.00075 0.00007 0.G0075 0.00000 0.00102 0.00066 -0.00660 

Qt;P -0.00338 -0.00033 -0.00338 0.00344 1.01750 -0.00301 -6.5QS21 

.A, ). ;. .. .. ... 
). .. 
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APPENDIX TABLE 9.--EXPECTED VALUES OF INTERIM MULTIPLIERS FOR DELAY PERIOD - 3 

--------------------_____________ w _____________________________________________________1________________________________ _ 

ENDOGENOUS EXOGENOUS VARIABLES
VARIABLES 

ALF POB SPF OF SPA OB XF 

AF 0.10744 0.00001 1.20605 0.19725 -0.00032 -0.00027 0.00,l62 


A8 0.00001 -0.00812 -0.00463 -0.00079 
 0.10784 0.09096 -0.00000 


PF -0.00330 0.00002 -0.01400 -0.00229 -0.00023 
 -0.00019 0.00159 


PB 0.00002 -0.02480 -0.00690 -0.00113 -0.03611 -0.03046 
 -0.00001 
QPF 0.21683 0.00003 2.43402 0.39809 -0.00064 -0.00054 0.00731 
QPB 0.00002 -0.01981 -0.01178 -0.00193 0.26299 0.22182 -0.00000 


SF 2.06244 -0.01930 8.86503 1.44990 
 0.17010 0.14347 -0.99177 

SB -0.00205 1.20201 0.42489. 0.06949 1.78176 1.50282 0.00070 

OF 0.00135 0.00883 ~0.11811 -0.01932 -0.02930 -0.02471 -0.00058 


DB 0.00101 0.00662 -0.08861 -0.01449 -0.02198 -0.01854 -0.00043 

VI 
w OC 0.00937 0.06123 -0.81942 -0.13402 -0.20324 -0.17142 -0.00402 


QCC 0,,00129 
 0.00842 -0.11265 -0.01842 -0.02794 -0.02357 -0.00055 

PC -0.00015 -0.00090 -0.00089 -0.00015 
 -0.00132 -0.00112 0.00007 

QCP 0.00129 0.00842 
 -0.11265 -0.01842 ,-0.02794 -0.02357 -0.00055 

CONTINUED 



APPENDIX TABLE 9.--EXPECTED VALUES OF INTERIM MULTIPLIERS FOR DELA'{PERIOO D 3 
CONTINUED 

---------------------~--------------------------------------------------------------------------------------------------

ENDOGENOUS EKOGENOUS VARIABLES 
VARIABLES 

XR ODF ODB FL QCX TX 

AF O~O 0.00362 0.0 0.00002 0.00582 0.00380 -0.03775 

AB 0.02297 -0.00000 0.02297 0.00009 0.02/73 0.01807 -0.17975 

PF -o.onOOl 0.00159 -0.00001 0.00001 0.00426 0.00166 -0.02763 

PB 0.01932 -0.00001 0.01932 0.00013 0.03981 0.01519 -0.251104 

QPF 0.0 0.00731 0.0 0.00004 0.01176 0.00766 -0.07620 

QPB 0.00;602 -0.00000 0.05602 0.00023 0.06763 0.04407 -0.43835 

SF 0.00924 -0.99177 0.00924 -0.01137 -3.36696 -1.03260 21.82178 

SB -0.93705 0.00070 -0.93705 -0.00833 -2.46730 -0.73641 15.99242 

OF -0.00570 -0.00058 -0.00570 0.00237 0.70275 -0.00509 -4.55';06 

DB -0.00427 -0.00043 -0.00427 0.00178 0.52725 -0.00382 -3.41750 

lJl.,. QC 

QCC 

-0.03953 

-0.00543 

-0.00402 

-0.00055 

-0.03953 

-0.00543 

0.01647 

0.00226 

4.87553 

0.67024 

-0.03531 

-0.00485 

-31.60196 

-4.34432 

PC 0.00070 0.00007 0.00070 0.00001 0.00164 0.00063 -0.0106" 

QCP -0.00543 -0,00055 -0.00543 0.00226 0.67024 -0.00485 -4.34432 

,.. .. .. ... ...' ! 
~ ". • 
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APPENDIX TAB~E 10.--EXPECTED VALUES OF TNTERIM MULTIPLIERS FOR DELAY PER10D 4c 

-------------------------~---------------------------------------------------------------------------------------------

ENDOGENOUS EXOGENOUS VARIABLES 
VARIABLES 


~Lf fl{.lB SPF QF SP~ QR XF 


0.03806 0.00004 0.47946 0.07842 -0.00064 -0.00054 0.00<;13 


AB 0.00003 -0.02978 -0.00A92 -0.00146 -0.01370 -0.01156 -0.00001 


PF -0.00342 0.00003 -0.01573 -0.00257 -0.00027 -0.00023 0.00157 


PB 0.00004 -0.02318 -0.00827 -0.00135 -0.03588 -0.03026 -0.00001 


QPF 0.07681 0.00009 0.96764 0.15826 -0.00130 -0.00110 0.01035 


QPR 0.00006 -0.07261 -0.02176 -0.00356 -0.03341 -0.02818 -0.00001 


SF 2.13761 -0.02909 9.90646 1.62023 0.18205 0.15355 -0.98069 


SB -0.00322 1.12198 0.45850 0.07499 1.75829 1.48302 0.00123 


OF 0.00164 0.00988 -0.07379 -0.01207 -0.01325 -0.01118 -0.00073 


I.Il -0.00055 

AF 

I.Il DB 0.00123 0.00741 -0.05537 -0.00906 -0.00994 -0.00839 

QC 0.01139 0.06851 -0.51197 -0.08373 -0.09195 -0.07756 -0.00504 


QCC 0.00157 0.00942 -0.07038 -0.01151 -0.01264 -0.01066 -0.00069 


PC -0.00016 -0.00084 -0.00102 -0.00017 -0.00132 -0.00111 0.00007 


QCP 0.00157 0.00942 -0.07038 -0.01151 -0.01264 -0.01066 -0.00069 


CONTINUED 
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APPENDIX TABLE 10.--EXPECTED VALUES OF INTERIM MULTIPLIERS FOR DELAY PERIOD = 4 
CONTINUED 

ENDOGENOUS EXOGENOUS VARIABLES 
VARI.~BLES 

XR ODF ODB FL QCX TX 

AF -0.00001 0.00513 -0.00001 0.00004 0.01211 0.00536 -0.07851 

"B 0.02732 -0.00001 0.02732 0.00017 0.05144 0.02148 -0.33~40 

PF -0.00001 0.00157 -0.00001 0.00002 0.00535 0.00163 -0.0346(, 

PB 0.01786 -0.00001 0.01786 0.00016 0.04806 0.01404 -0.31148 

QPF -0.00003 0.01035 -0.00003 0.00008 0.02445 0.01083 -0.15A45 

QPR 0.0(,661 -0.00001 0.06661 0.00042 0.12544 0.05239 -0.81305 

SF 0.01609 -0.98069 0.01609 -0.01284 -3.80109 -1.01560 24.63774 

5B -0.86527 0.00123 -0.86527 -0.00907 -2.68592 -0.67939 17 .40947 

OF -0.00688 -0.00073 -0.00688 0.00155 0.45858 -0.006li' -2.97241 

DB -0.00516 -0.00055 -0.00516 0.00116 0.34406 -0.00463 -2.23009 

'" 0\ QC -0.04772 -0.00504 -0.04772 0.01075 3.18153 -0.04282 -20.62187 

QCC -0.00656 -0.00069 -0.00656 0.00148 0.43736 -0.00589 -2.83489 

PC 0.000~5 0.00007 0.00065 0.00001 0.00199 0.00059 -0.01291 

QCP -0.00656 -0.00069 -0.00656 0.00148 0.43736 -0.00589 -2.83489 

\ 

A # .. ,. ~ ... ... 
~J. A, J. 



T 
..., .. ~ .~ 

,. 
.~ --. ....,- "'T 

~ ~ of T ~ T 
~ 	 Ty 	 T """ 

APPENDIX TABLE ll.--EXPECTED VALUES OF INTERn! MULTIPLIERS FOR DELAY PERIOD = 5 

~--------------------------------------------------~--------------------------------------------------------------------

ENDOGENOUS 	 EXOGENOUS VARIABLES 
VARIABLES 


ALF PQ8 SPF QF SPA QR XF 


--------------------------------------.~---------------------------------------------------------------------------------

AF 0,00839 0.00009 0.16760 0.02141 -0.00081'\ -0.00075 0.00'573 


AB 0.00005 -0.03332 -0.01147 -0.00188 -0.04356 -0.03614 -0.00002 


PF -0.00345 0.00005 -0.01639 -0.00268 -0.00029 -0.00024 0.00155 


PB 0.00006 -0.02136 -0.00883 
 -0.00144 -0.03390 -0.02859 -0.00002 


QPF 0.01693 0.00018 0.33825 0.05532 -0.00178 -0.00151 0.01155 


QPR 0.00013 -0.08126 -0.02797 -0.00458 -0.10622 
 -0.08959 -0.00004 


SF 2.15270 -0.03917 10.28875 1.68276 0.18317 0.15449 -0.961'l32 


SB -0.00447 1.03303 0.46357 0.07582 1.65425 1.39527 0.00180 


OF 0.00184 0.01026 -0.04404 -0.00720 -0.00291 -0.00245 -0.000A2 


DB 0.00138 0.00770 -0.03304 -0.00540 -0.00218 -0.00184 -0.00061 


1I1..., 	 QC 0.01274 0.07116 -0.30552 -0.04997 -0.02017 -0.01701 -0.00'568 

QCC 0.00175 0.00978 -0.04200 -0.00687 -0.00277 -0.00234 -0.00078 

PC -0.00016 -0.00077 -0.00107 -0.00018 -0.00124 -0.00105 0.00007 

QCP 0.00175 0.00978 -0.04200 -0.00687 -0.00277 -0.00234 -0.00n78 

--------~---------------------------------------------------------------------------------------------------------------
CONTINUED 



APPJ;'lIDIX TABLE ll.--EXPECTED VALUgS OF ItITERlM MULTIPLIERS FOR DELAY PERIOD'" 5 
CONTINUED 

--------------------------------------------------------------------------~---------------------------------------------
ENDOGENOUS 
VARIABLES 

EXOGENOUS VARIABLES 

XFI ODF ODB FL QCX TX 

AF -0.00004 0.00573 -0.00004 0.00006 0.01723 0.00597 -0.11170 

AB 0.02676 -0.00002 0.02676 0.00022 0.06654 0.02104 -0.43130 

PF -0.00003 0.00155 -0.00003 0.00002 0.00603 0.00161 -0.03Q06 

PB 0.01642 -0.00002 0.01642 0.00017 0.05179 0.01289 -0.33566 

QPF -0.00008 0.01155 -0.00008 0.00012 0.03478 0.01205 -0.22543 

QPR 0.06527 -0.00004 0.06527 0.00055 0.16227 0.05130 -1.051130 

SF 0.02343 -0.96832 0.02343 -0.01372 -4.06148 -0.99686 26.32548 

SB -0.79445 0.00180 -0.79445 -0.00927 -2.74510 -0.62307 17.79306 

OF -0.00741 -0.00082 -0.00741 0.00100 0.29516 -0.00669 -1.91317 

DB -0.00556 -0.00061 -0.00556 0.00075 0.22145 -0.00502 -1.43539 

QC -0.05142 -0.00568 -0.05142 0.00692 2.04777 -0.04641 -13.27315 
lJ1 
ex> QCC -0.00707 -0.00078 -0.00707 0.00095 0.28151 -0.00638 -1.82466 

PC 0.00060 0.00007 0.00060 0.00001 0.00216 0.00054 -0.01"399 

QCP -0.00707 -0.00078 -0.00707 0.00095 0.28151 -0.00638 -1.82466 

J. ... .. 
.J,. .>- J. ~ ... ., .. .. .. ..• 
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Appendix table 12--Exogenous variables, 1954-72 

Flue-cured tobacco, types 11-14 Burley tobacco, type 31 Cigarettes Federal 
:: Price :: ;Per capita and State 

Year Price :Leaf share: : support:Leaf share: :disposable cigarette. Acreage: in choice, 0 ther Acreage in choice, Other income,. Share Exports 
support: fi d: Exports: : : level: fi d: Exports: use : 1958 i . filter- 1/ taxes per

;allotted; 1 l' ne, an . use .allotted. ne, an . . pr ces. eve . good . .. per good . . • tipped - package 
pound 

1,000 1,000 
Cents Percent Million pounds Cents Percent Million pounds Dollars Percent Billions~ ~ ~ 

1954 1,053 49.7 22.0 429 40 399 46.4 22.5 33 71 1 714 9.2 17.2 11 
1955 1,007 48.3 21.5 553 38 309 46.2 30.2 34 63 1,795 18.7 17.1 11 
1956 888 48.9 15.3 465 35 309 48.1 25.7 28 58 1,839 27.6 17.7 11 

1957 711 50.8 17.7 441 39 309 51. 7 24.2 28 59 1,844 38.0 19.1 12 
1958 712 54.6 14.9 443 38 309 55.4 22.7 35 59 1,831 45.3 20.3 12 
1959 713 55.5 11.7 419 38 309 57.2 17.2 36 58 1,881 48.7 22.1 13 

1960 713 55.5 12.2 475 39 309 57.2 22.1 41 58 1,883 50.9 22.7 13 
1961 714 55.5 17 .9 485 19 329 57.2 32.0 45 58 1,909 52.5 25.0 13 
1962 745 56.1 10.3 431 39 349 57.8 24.4 53 57 1,969 54.6 24.2 13 

1963 708 56.6 10.0 498 43 349 58.3 28.3 57 61 2,015 58.0 26.8 14 
~ 1964 638 57.2 6.8 444 42 316 58.9 26.6 56 65 2,126 60.9 28.8 14 

1965 607 57.7 8.0 423 40 287 59.5 34.0 57 61 2,239 64.4 27.0 15 

1966 2/644 58.8 6.3 587 40 250 60.1 36.6 56 60 2,335 68.2 27.4 16 
1967 2/645 59.9 5.6 533 42 250 61.8 46.7 53 61 2,403 72.4 27.6 16 
1968 Y578 61.6 6.4 525 43 250 63.5 47.9 55 60 2,486 74.9 31. 2 16 

1969 2/641 63.8 7.3 535 44 250 63.8 37.3 58 62 2,534 77 .0 28.7 18 
1970 2/639 66.6 7.5 534 44 231 68.6 37.3 54 62 2,603 80.1 32.9 19 
1971 1./572 69.4 9.5 480 45 1/555 71.5 43.9 55 60 2,679 82.4 34.5 20 

1972 ]:/562 72.4 22.8 519 32 .1/531 74.9 50.6 68 45 2,771 82.9 36.7 20 

1:./ Includes shipments to Puerto Rico and U.S. possessions. 

1/ Effective quota (basic quota adjusted for overmarketing and unmarketing). See (27, March 1974). 

3/ Poundage quota, million pounds. 
Source: (26) for the following variables; flue-cured acres allotted, flue-cured support price, flue-cured export, flue-cured other use, 

burley acres allotted, burley poundage quota, burley support price, burley export, and burley other use; (18) and (30) for percent of flue
cured choice, fine, and good; (1) for per capita income; and (27) for percent cigarettes filter-tipped; (2711 for cigarette exports; and 
(24) for Federal and State cigarette taxes. 




