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ABSTRACT
Lump-sum, profit and property taxes have very different effects when imposed upon a rate-of-return regulated monopolist, such as an electric utility, compared to the more commonly analyzed unregulated monopolist.  We find that contrary to the case of an unregulated monopolist lump-sum and profit taxes do reduce output and raise prices and reduce the use of capital.  In addition, at a given output these three taxes generate the same tax revenue.  Thus, at a given tax revenue the firm's price, profit, consumer's surplus and factor employment will be the same for all three taxes.  The incidence of these taxes is identical and is determined by how tightly the firm is regulated.  Our results, coupled with those of Robert Spann, indicate that electric utilities at the margin pay less than half of any increase in these taxes.  Tighter regulation means that at the margin the firm pays a smaller portion of these taxes.  These taxes are progressive, as more tax revenue is raised the firm pays more of the tax.


I.  INTRODUCTION
Economists analyzing the effects of lump sum, profit and property taxes have often assumed that these taxes were imposed on an unregulated monopo- list (Musgrave, 1951).  However, this market structure is rare, thus the results of the analysis give little guidance to the policy maker.  In order to provide some assistance to these authorities we will extend the analysis to determine the effects of these three taxes on a rate-of-return regulated monopolist.  This market structure dominates the U.S. electric and gas utility industry.  It is also common in other utility markets such as water and telephone utilities.  The effects of rate of return regulation were first examined by Harvey Averch and Leyland Johnson (1962) and Wellisz (1963).  The literature of the rate-of-return regulated models has been extensive (see Evans and Garber, 1988).  Despite the proliferation of the literature, the taxation effects are much ignored.
  We find that the effects of these taxes on a regulated firm are different than the results predicted by the classical analysis of the unregulated firm.  Thus the classical analysis would misguide the policy maker with regard to the effects of these taxes.  In addition, the theoretical inferiority of the property tax to the lump-sum or profit tax does not occur for the regulated firm.  We find that all of these taxes influence the firm's employment, output and pricing decisions and provide the same tax revenue at a given output. These taxes are progressive and the incidence of these taxes at a given tax revenue is identical and is determined by how strictly the firm is regulated. 


II.  THE LUMP SUM TAX

As the classical taxation literature shows a lump sum tax imposed on an unregulated monopolist will only reduce his profit.  It will have no effect on output, price or factor employment.  This is not the case for a regulated

monopolist.  If a lump sum tax X is imposed on a regulated monopolist whose objective is to maximize after-tax profits we obtain the following model:

Maximize        π = PQ ‑ wL ‑ rck ‑ X                          
(1)

     Subject to      PQ ‑ wL ‑ sck ‑ X < 0                          
(2)

                     P > 0, Q > 0, L > 0, and k > 0                 
(3)

where           P is price of output per unit, i.e., a monotonically

      decreasing, bounded, and at least twice differentiable

 inverse demand function or g:R+ ( R+ with P' < 0.

                     Q = f(K,L)

                R = PQ = total revenue

                w = wage rate

                     r = financial cost of capital

                c = physical cost of capital

                s = allowed rate of return

This model follows the work of Averch and Johnson (1962) and Bailey (1973).  To determine the effects of this tax on factor employment and output we form the Lagrangian function:

Ø  = PQ ‑ wL ‑ rck ‑ X + α(sck + X + wL ‑ PQ)
(4)


The first‑order conditions for a binding interior maximization

solution are:




ØL = (1‑α) (RL‑w) = 0


(5)

ØK = RK ‑ rc + αsc ‑ αRK = 0



(6)

                 rc‑RK
ADVANCE \u6or 


α  =      
(7)

                 sc‑RKADVANCE \d6
Øα = sck + X + wL ‑ PQ = 0
(8)

where α is the Lagrangian multiplier; RK and RL are marginal revenue

product of capital and labor, respectively.

From equation (7), α ( 1 since s > r by assumption and hence 

w ‑ RL = 0 from equation (5).  Differentiating equations (5), (6), and (8) with respect to L, k, α and treating X as an exogenous variable, we have

        (1‑α)RLL     (1‑α)RLK     w‑RL     
dL           0

        (1‑α)RKL     (1‑α)RKK     sc‑RK         
dk     =     0



(9)

         w ‑ RL       sc ‑ RK      0          
dα          ‑dX

If we call the first term of equation (8) H, from the second‑order conditions, we have: 

          (H( = ‑ (sc ‑ RK)((1‑α)RLL > 0
(10)

which establishes α < 1.
  This in turn implies that sc ‑ RK > 0 from equation (7).

From Cramer's rule, we obtain:

            0    (1‑α)RLK       0

       
       0    (1‑α)RKK     sc‑RK
   
  dL       ‑1      sc‑RK        0              RLK
ADVANCE \u6           ADVANCE \d6= ADVANCE \u6                              ADVANCE \d6 = ADVANCE \u6              ADVANCE \d6 ADVANCE \u3 (  0    
(11)ADVANCE \d3
       dX                (H(                      (sc‑RK)RLLADVANCE \d6
       dk  ADVANCE \d6=  ADVANCE \u6   ‑1    ADVANCE \d6<  0



(12)ADVANCE \u6
       dX      sc‑RK
                                2      

  ADVANCE \d3dα ADVANCE \u3     (1-α)(RLLRKK - RLK) ADVANCE \d6   

ADVANCE \u6       ADVANCE \u6__ ADVANCE \d6 =ADVANCE \u6  ___________________   ADVANCE \d6<  0

(13)ADVANCE \u6
       dX       (sc - RK)(RLL
ADVANCE \d6
       ADVANCE \d6dQ        dL     dk  ADVANCE \u6
           ADVANCE \d6=  QLADVANCE \u6    ADVANCE \d6+ QKADVANCE \u6   
       dX        dX     dX

ADVANCE \d6
                QLRLK‑QKRLL
ADVANCE \u6          ADVANCE \d6 = ADVANCE \u6            ADVANCE \d6  (  0



(14)ADVANCE \u6
               (sc‑RK)RLLADVANCE \d6
Equations (11), (12) and (14) show that unlike the case of unregulated monopoly, a lump sum tax does affect the employment of labor and capital and the quantity and price of the product.


III. THE PROFIT TAX
If a profit tax u is imposed as a fraction of the profit obtained by a regulated profit-maximizing monopolist we obtain the following model:

Maximize     π = (1‑u)(PQ ‑ wL ‑ rck)
(15)

subject to   (1‑u)(PQ ‑ wL) + urck ‑ sck < 0
(16)

            P > 0, Q > 0, L > 0, and k > 0

The resulting Lagrangian equation is

γ = (1-u)(PQ-wL-rck) - ß[(1-u)(PQ - wL) + urcK - scK]
(17)

The first‑order conditions for the interior maximization problem are:

γL = (1‑u)(1‑ß)(RL‑w) = 0
(18)

γK = (1‑u)(1‑ß) RK ‑ rc + urc + ßsc ‑ ßurc = 0
(19)

              rc ‑ urc + uRK ‑ RK
ADVANCE \u6     ADVANCE \d6or

ß = ADVANCE \u6                      ADVANCE \d3 ( 1




(20)ADVANCE \u3
                     sc ‑ urc + uRK ‑ RKADVANCE \d6
γβ = scK ‑ urcK ‑ (1‑u)(PQ‑wL) = 0
(21)

Equations (18) and (20) imply (RL‑w) = 0 if u is not equal to one.

Differentiating equations (18), (19) and (21), we obtain:

(1‑u)(1‑ß)RLL  (1‑u)(1‑ß)RLK  (1‑u)(w‑RL) = 0  

dL          0


(1‑u)(1‑ß)RKL  (1‑u)(1‑ß)RKK  sc‑urc‑(1‑u)RK    
dk  =  (1‑ß)(RK‑rc)du
(22)

(1‑u)(w‑RL)=0  sc‑urc‑(1‑u)RK        0          
dß     (rck+wL‑PQ)du

The second‑order sufficient condition requires that the value of the determinant of the first term equation (22) be positive or

(H( = ‑[(sc‑urc) ‑ (1‑u)RK]( (1‑ß)(1‑u)RLL > 0
(23)

This will require ß < 1 for RLL < 0 and u ( 1.  The fact that 0 < ß < 1 makes sc ‑ urc + uRK ‑ RK > 0 from equation (20).

Using Cramer's rule from equation (21), we can derive the following comparative statics:

dL       (‑PQ + wL + rck) RLK
ADVANCE \u6     
  ADVANCE \d6 =ADVANCE \u6                           ADVANCE \d3  (  0



(24)ADVANCE \u3
du   ‑[(sc‑urc) ‑ (1‑u) RK] RLLADVANCE \d6
dk ADVANCE \d6=ADVANCE \u6     wL + rck ‑ PQ     ADVANCE \d6< 0 


(25)ADVANCE \u6
du   (sc‑urc) ‑ (1‑u) RK
dQ ADVANCE \d6= QLADVANCE \u6 dLADVANCE \d6 + QKADVANCE \u6 dk
     
du      du     du

                 (wL + rck ‑ PQ)(QLRLK ‑ QKRLL)

ADVANCE \u6             ADVANCE \d6=ADVANCE \u6                                ADVANCE \d6  (  0




(26)ADVANCE \u6
                 ‑ [sc ‑ urc ‑ (1‑u) RK] RLLADVANCE \d6
Unlike the case of unregulated monopolist, a profit tax does affect the employment of labor and capital and the quantity and the price of the product.


IV.  THE PROPERTY TAX
Following Bailey (1973), if a property tax t is imposed on the capital stock of a profit-maximizing regulated monopolist we obtain the following model:

Maximize     π = PQ ‑ wL ‑ rck ‑ tck



(27)

Subject to   PQ ‑ wL ‑ tck ‑ sck < 0



(28)

        P > 0, Q > 0, L > 0, k > 0



(29)

The resulting Lagrangian equation and first‑order conditions are:

Z = PQ ‑ wL ‑ rcK ‑ tcK + Ω(scK + tcK + wL ‑ PQ)




(30)

ZL = (1 ‑ Ω)(RL ‑ w) = 0
(31)

ZK = RK ‑ rc ‑ tc + Ω(sc + tc ‑ RK) = 0



(32)

     rc + tc ‑ RK
ADVANCE \u6or   ADVANCE \d6Ω  = ADVANCE \u6            ADVANCE \d3  (  1



(33)ADVANCE \u3
          sc + tc ‑ RKADVANCE \d6
ZΩ = sck + tck + wL ‑ PQ = 0


(34)

Equation (31) implies RL ‑ w = 0.  Differentiating equations (31), (32),

and (34) yields:

(1‑Ω)RLL    (1‑Ω)RLK    w‑RL=0       
dL            0

(1‑Ω)RKL    (1‑Ω)RKK    sc+tc‑RK     
dk    =    c(1‑Ω)dt




(35)

 w‑RL=0     sc+tc‑RK       0     
dΩ          ‑ckdt

Using Cramer's rule we obtain from equation (35):

dL        RLKck     

ADVANCE \u6            ADVANCE \d6 =ADVANCE \u6                   ADVANCE \d3(  0


(36)ADVANCE \u3
          dt    (sc+tc‑RK)RLLADVANCE \d6
dk     ‑cK      

          dtADVANCE \u6 = ADVANCE \d6 sc+tc‑RK ADVANCE \u6  <  0



(37)ADVANCE \d6
dQ    ck(QLRLK‑QKRLL)

ADVANCE \u6            ADVANCE \d6 =ADVANCE \u6                ADVANCE \d6   (  0


(38)ADVANCE \u6
          dt    (sc+tc‑RK)RLLADVANCE \d6
The sign of these comparative statics can be determined only for capital without additional assumptions as in the previous two models. The impact of three different types of taxes will be used to prove the propositions in the next section. Numerical simulations will then be given to verify the results of these propositions.


V.  A COMPARATIVE ANALYSIS OF THREE TAX CASES
It is clear from (11), (12), (14), (24), (25), (26), (36), (37), and (38) that a unit change in these taxes has a different impact on the firm's price, output and factor employment.  In other words these taxes are genuinely 

different.  However, these taxes have several similarities which we will 

examine in the following propositions.

Proposition 1:  The imposition of a lump-sum, profit or property

                tax will reduce the use of capital by a regulated

                monopolist.

   Proof:  The sign of comparative statics from equations (12), 

                (25) and (37) is negative without other qualifications.

Proposition 2:  The effect on the employment of labor of these

      three taxes is negative when labor and capital

      are complements and positive when labor and

                capital are substitutes.

 
   Proof:  In equations (11), (24) and (36) sc - RK, sc - urc - 

      (1-u)RK and sc + tc - RK are positive while RLL = 

      R'QLL + R''QL( is negative
 the sign of these 

                derivatives is the opposite of the sign of RLK.  Thus 

                if labor and capital are complements in the production 

                of revenue, i.e., RLK is positive, and higher taxes will 

                    reduce the employment of labor.

Proposition 3:  The imposition of a lump-sum, profit or property tax

                will reduce the output of a regulated monopolist as

                long as capital is not an inferior input.

  
   Proof:  Since RLL < 0 the signs of equations (14), (26) and (38)

                are negative if QLRLK‑QK RLL > 0.  However, QLRLK ‑ 

                QKRLL = R'(QLQLK‑QKQLL) > 0 if capital is not an inferior

                input.

Since as Bailey points out in regulated industries "...output in 

these industries is essentially a time‑shared rental of productive capacity..."
  Therefore it is unlikely that capital would be an inferior 

factor of production for a regulated firm.  Thus higher taxes would mean lower

output and a higher price.

Since a unit change in each of these three taxes will change capital use and output by different amounts we can attempt to determine which tax is best by determining which tax yields the largest revenue at a given level of output in Proposition 4.

Proposition 4:  If the firm is effectively regulated the lump-sum,

                profit and property taxes will yield the same tax

                revenue at a given output.

   Proof:  The constraint equations (8), (21) and (34) can be

                rewritten as:

            X = PQ ‑ wL ‑ sck


(39)

                      u(PQ ‑ wL ‑ rck) = PQ ‑ wL ‑ sck




(40)

                      tck = PQ ‑ wL ‑ sck
(41)

The left‑hand terms of equations (39), (40) and (41) are tax revenues under lump-sum, profit and property taxes respectively.  At a given output, w, s, c, P and R' are the same for each of the three taxes.  Furthermore, from equations (5), (18) and (31) it is evident that RL = w (or QL = w/R') if all the Lagrangian multipliers are not equal to one and u is not equal to one for any given value of k.  Since none of the three taxes distorts the first-order condition with respect to labor, is implies that QL (hence L) is the same in all three cases for any given level of output.  Therefore at a given level of output, P, R', w, X, c, k and L are constant.
  Thus the right hand terms of equations (39), (40) and (41) are identical.

The effect of these three taxes on the firm's profits is examined in the following proposition.

Proposition 5:  The after-tax profits of the firm will be the same

                at a given level of output for these three taxes.

        Proof:  If the rate of return constraint is binding, the

                firm's after-tax profits can be written as:


π = (s-r)ck
(42)

 Since s, r, c and k are constant the after-tax

 profits of the firm are constant at a given level

                of output.

It is evident from propositions 4 and 5 that the firm's total revenue, total cost and the consumers' surplus would be identical at a given level of output for these three taxes.

In order to demonstrate the identical effects of these three taxes we have provided a numerical example in the Appendix.  Note that the numerical example is employed only to verify the propositions; it does not prove these propositions.

Bailey realized "... that the AJ expansion path is independent of changes in depreciation policy and tax policy, although the precise operating point on the path will change with changes in these parameters."
  However, she did not state that profit and property taxes would yield the same revenues at a given output, nor did she examine the case of the lump-sum tax.

Since the three taxes yield the same revenue at a given output level the "best" tax must be determined by other criteria such as administrative

cost or political popularity.


VI.  TAX INCIDENCE ANALYSIS
We will measure the incidence of these three taxes on the regulated firm as the change in the firm's profits for a dollar change in the tax revenue.  The incidence of these three taxes will be examined in the following propositions.

Proposition 6:  The incidence of the lump-sum, profit and property

      tax is identical at a given output level.  For each

 dollar increase in tax revenue the decrease in the 

 regulated firm's profits is the same for these three 

 taxes.

        Proof:  Since, as shown above, the after-tax profit and the 

                tax revenue is the same at a given output the

     
 incidence of the lump-sum, profit and property tax

     
 is identical.

Proposition 7:  For a given demand and production schedule the

 incidence of these three taxes can be revealed by   

 the value of the Lagrangian multipliers.

   Proof:  Since the incidence of the three taxes is the same,

 the proof of the proposition can be demonstrated by

 examining the lump-sum tax.  From equations (12) and 

 (42) we obtain:

      dπ     d(sck - rck)
                     dX  ADVANCE \u6=ADVANCE \d6        dXADVANCE \u6    
(43)

ADVANCE \d6
                         ADVANCE \d6=ADVANCE \u6 rc - scADVANCE \d6
(44)

ADVANCE \u6                           sc - RK
From equation (6) we obtain:

          rc - αsc
     ADVANCE \u6RK = ADVANCE \d6  1-αADVANCE \u6
(45)

ADVANCE \d6
Therefore:

                     dπ
                     dX ADVANCE \u6= α - 1 < 0
(46)

ADVANCE \d6
Equation (46) shows that the value of the Lagrangian multiplier in the lump-sum tax model (α) can determine the incidence of these three taxes.  If the marginal revenue product of capital is known the value of α can be calculated using equation (7).  For a given set of demand and production 

functions the closer s is set to r the larger α will be.  Thus, if regulators set s close to r the incidence of these three taxes on the regulated firm will be small.  In the case of an unregulated monopolist, the Lagrangian multiplier 

equals zero thus the firm will bear the entire burden of the lump-sum tax as the classic unregulated monopoly model shows.

Since significant lump-sum taxes are rarely imposed on regulated firms we will examine the relationship between the Lagrangian multipliers in the three models.

Proposition 8:  For a given set of demand and production functions,

 Ω > α > ß for each level of tax revenue and profit.

   Proof:  Equation (20) can be rewritten as:

                             rc - RK + u(RK - rc)

                       ß = ADVANCE \u6                      ADVANCE \d6
(47)

                            ADVANCE \u3 sc - RK + u(RK - rc)ADVANCE \d3

ADVANCE \d6
But RK - rc is negative because (i) sc - RK > rc - RK > 0 from equation (7); (ii) α < 1 from the second-order condition.  Note that RK is the same for these three taxes at a given output level.  It is evident from equations (7), (20) and (33) that Ω > α > ß since u(RK - rc) < 0 and tc > 0.  Thus if ß or Ω is estimated at a certain level of tax revenue α and the tax incidence can be determined.  Note that proposition 8 does not imply that the tax incidences are different.

Proposition 8 allows us to use the results of Spann's (1974) test of the Averch-Johnson thesis to roughly measure the incidence of these three taxes.  Spann estimated that the value of the Lagrangian multiplier in the Averch-Johnson model was between 0.50 and 0.68.  Since he only included the corporate income tax in his model his estimates of the Lagrangian multiplier would most likely correspond to the value of ß in this paper.  Since α > ß Spann's 

estimates would indicate that at the margin the firm pays less than half of any increase in these taxes.

Finally we will determine if these three taxes are progressive or regressive.  Since the incidence of these three taxes is identical we only need to examine the case of the lump-sum tax.

Proposition 9:  The lump-sum, profit and property taxes are progressive

 for a regulated monopolist.  As tax revenues increase

 the burden on the monopolist increases.

   Proof:  Differentiating equation (46) with respect to X and

 substituting equation (13) into the result we obtain:
                                                      2
 d(π     d(α-1)       (1-α)(RLLRKK - RLK)

                ADVANCE \u6___ ADVANCE \d6 =ADVANCE \u6  ______ ADVANCE \d6 =ADVANCE \u6  ___________________   ADVANCE \d6 < 0 
(48)ADVANCE \u6
                dX(       dX          (sc - RK)(RLLADVANCE \d6
The sign of this derivative is negative because of our assumption that the revenue function is strictly concave with respect to k and L.

Proposition 9 indicates that as the tax revenue X increases α decreases (see (48)), increasing the marginal proportion of these three taxes paid by the firm.


VII.  CONCLUSION
Lump-sum, profit and property taxes have been extensively analyzed by economists.  The results of the classical analysis in the case of unregulated monopoly show that a lump-sum or profit tax would be the preferred tax as the government could raise revenues without reducing the firms output, raising its price or affecting factor employment.  Property taxes were viewed as inferior to lump-sum or profit taxes as they would result in lower output, higher prices and would reduce the use of capital.  In this paper we show, contrary to the classical results, that in the case of a rate-of-return regulated 

monopolist lump-sum and profit taxes do reduce output and raise prices and reduce the use of capital.  We have also proven that at a given output these three taxes generate the same tax revenue and will have the same incidence.  This means that policy makers can choose among these taxes freely without concern for differences in output, prices, profit, consumer's surplus, factor employment and tax incidence for a given tax revenue.

The policy maker should be concerned that since these taxes will usually lower the firm's output and raise its price.  Some of the burden of these taxes will be passed on to the firm's customers.  At a given tax revenue the incidence of these taxes is determined by how tightly the firm is regulated as measured by the value of the Lagrangian multiplier in the lump-sum tax model.  Tightening the regulatory constraint means that at the margin the firm pays a smaller portion of these taxes.  Using existing estimates of the Lagrangian multiplier we find that at the margin the firm would pay less than half of these taxes.  However, these taxes are progressive.  As more tax revenue is raised the firm pays a larger proportion of the tax.


APPENDIX

This numerical example will show that at a given output a lump-sum, profit or property tax yielding the same tax revenue will result in the same profit, price, and factor employment for the regulated firms.  In this example we assume that the firm's inverse demand function is P = 500QADVANCE \u6-.8ADVANCE \d6 and the firm's production function is Q = 300(0.55L-3 + 0.45K-3)-1/3.  The cost of financial capital was assumed to be 15 percent; the cost of physical capital was assumed to be $1.00 per unit; the allowed rate of return was assumed to be 16 percent; the wage rate was assumed to be $5.00 per hour; and the tax revenue was found to be $100.  The results can be verified through the simulation of the GINO computer package (1986).  Some rounding errors may be expected due to the large output level.  The following table gives the results from the three models.


SIMULATION RESULTS

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Type of Tax   Profit   Output   Price   Capital Value   Labor   Tax Rate 

ADVANCE \u6((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
ADVANCE \d6Lump-sum       $225    67745    6.83        22502        185     $100.00

Profit          225    67747    6.83        22502        185     30.768%

Property        225    67748    6.83        22502        185     0.4444%

(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((   
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     �	The empirical tests of the A-J hypothesis in the electric utility industry is far from being settled. Courville (1974), Petersen (1975), Hayashi and Trapani (1976) and Cowing (1978) have supported the hypothesis while Moore (1970), Boyes (1976) and Barron and Taggert (1977) have rejected the hypothesis. Recent applications were made by Silverman (1982 and 1985). One of the best critiques of the A-J model can be found in Joskow (1974). A recent theoretical advancement was made by Evans and Garber (1988) in which regulator's utility is incorporated. However, in the case of certainty, their model can be reduced to the A-J model.





     � Where Q is a well-behaved and a least twice differentiable production function or f:R�EQ \O(+,2)� ( R+, with QL > 0, QK > 0, QLL < 0, QKK < 0, Q(k,0) = Q(0,L) = 0, and only the efficient portion of the isoquant is considered. In addition, to facilitate the use of the chain rule, we are concerned with only the output space where the domain of g intersects the range of f. Alternatively,, we can assume that the functional mapping f is from R�EQ \O(+,2)� onto R+ such that each element of the output space is an image of an element in input space R�EQ \O(+,2)�.


     �	The total revenue function is assumed to be strictly concave and have continuous second-order partial derivatives such that RLK = RKL.


     �	See Baumol and Klevorick (1970) and Takayama (1969).


     �	Since the total revenue function is assumed to be strictly concave with respect to L and K, RLL < 0 and RLLRKK - R�EQ \O(L,2)� K > 0.


     �	This model, as well as the property tax model, were discussed by Bailey (1973) who cited the unpublished works of Aten (1973) and Dayan (1973).


     �	Where R' equals marginal revenue and R'' equals (R'/(Q.


     �	Capital not inferior implies that QLQLK - QKQLL > 0. See Bailey (1973), p. 92.


     �	Bailey (1973), p. 93.


     �	For other types of taxes, such as an ad valorem or unit tax, this result does not hold as the value of RL is not the same (Yang and Fox 1994).


     �	Bailey (1973), p. 88. Bailey also discusses the expansion path, corporate income, and property taxes on pages 99-102.





