Chapter 16 Appendix: The Miller Model and the Graduated Income Tax

16.17
a.
According to the Miller Model, in equilibrium:



rB (1 – TC) = rS



where
rB 
= the pre-tax cost of debt (the interest rate)





TC
= the corporate tax rate





rS
= the required return on a firm’s equity



In this problem:





TC
= 0.35





rS
= 0.11



Therefore, in order for there to be equilibrium:



rB (1 – TC) = rS



rB (1 – 0.35) = 0.11



rB 
= 0.11 / (1 – 0.35)




= 0.1692



The equilibrium interest rate is 16.92%.

b. In order to determine whether each group would prefer to hold debt or equity, it is necessary to compare the after-personal tax interest rate to the required return on unlevered equity for each of the three groups of investors. A group of investors will prefer to hold the security that offers them the highest rate of return.

The required rate of return to equity holders is 11%. Since the effective personal tax rate on equity distributions is zero, personal taxes do not change the required return to equity holders.

The market interest rate is 16.92%.

The after-personal tax interest rate for investors who face a 10% tax on interest income is 15.23% {= 0.1692 * (1 - 0.10)}. Since the after-personal tax interest rate (15.23%) is greater than the required return on equity (11%), this group is better off holding debt.

Investors whose interest income is taxed at 10% will buy debt.

The after-personal tax interest rate for investors who face a 20% tax on interest income is 13.54% {= 0.1692 * (1 - 0.20)}. Since the after-tax interest rate (13.54%) is greater than the required return on equity (11%), this group is also better off holding debt.

Investors whose interest income is taxed at 20% will buy debt.

The after-personal tax rate interest rate for investors who face a 40% tax on interest income is 10.15% {= 0.1692 * (1 - 0.40)}. Since the after-tax interest rate (10.15%) is less than the required return on equity (11%), this group is also better off holding equity.

Investors whose interest income is taxed at 40% will buy equity.

c. According to the Miller Model, firm value does not vary with capital structure in equilibrium.  Therefore, Firm A’s value would be equal to an all-equity financed firm with EBIT of $1 million in perpetuity.

VA
= [(EBIT)(1 – TC)] / rS

= [($1,000,000)(1 – 0.35)] / 0.11


= $5,909,091

The value of Firm A is $5.91 million.

16.18
a.
According to the Miller Model, in equilibrium:



rB (1 – TC) = rS



where
rB 
= the pre-tax cost of debt (the interest rate)





TC
= the corporate tax rate





rS
= the required return on a firm’s equity



In this problem:





TC
= 0.35





rS
= 0.081



Therefore:



rB (1 – TC) = rS



rB (1 – 0.35) = 0.081



rB 
= 0.081 / (1 – 0.35)




= 0.1246



The equilibrium market rate of interest is 12.46%.
b.
In order to determine whether each group would prefer to hold debt or equity, compare the after-personal tax interest rate on debt to the required return on unlevered equity for each of the three groups of investors. A group of investors will prefer to hold the security that offers them the highest rate of return.

The required rate of return to equity holders is 8.1%. Since the effective personal tax rate on equity distributions is zero, personal taxes do not change the required return to equity holders.

The market interest rate is 12.46%.

Group A faces a 50% tax on interest income. The after-personal tax interest rate for investors in Group A is 6.23% {= 0.1246 * (1 - 0.50)}. Since the after-personal tax interest rate (6.23%) is less than the required return on equity (8.1%), Group A will buy equity.

Group A will buy equity.

Group B faces a 32.5% tax on interest income. The after-personal tax interest rate for investors in Group B is 8.41% {= 0.1246 * (1 - 0.325)}. Since the after-personal tax interest rate (8.41%) is greater than the required return on equity (8.1%), Group B will buy debt.

Group B will buy debt.

Group C faces a 10% tax on interest income. The after-personal tax rate interest rate for investors in Group C is 11.21% {= 0.1121 * (1 - 0.10)}. Since the after-personal tax interest rate (11.21%) is greater than the required return on equity (8.1%), Group C will buy debt.

Group C will buy debt.

d. The total market value of all companies is the sum of the market value of debt and the market value of equity for each firm.  From part b, we know that investors in Group B and Group C will invest in debt.  Therefore, their investable funds comprise the total market value of debt in the economy.  The market value of debt is $325 million (= $220 million + $105 million).  Since there are $85 million of corporate earnings in perpetuity and the all-equity discount rate is 8.1%, the market value of equity in the economy is:

Equity Value
= (EBIT –{rB*B})(1 – TC) / rS




= ($85 million – {0.1246 * $325 million})(1 – 0.35) / 0.081




= $357.1 million



The market value of equity is $357.1 million.

It is no coincidence that the value of equity is exactly equal to Group A’s investable funds. The required return on equity is determined in equilibrium by the amount of available funds from investors who wish to buy equity. Had there been more (less) funds available for equity investment, the required return on equity would be lower (higher).



Therefore, the market value of all companies is:



VL
= B + S




= $325 million + $357.1 million




= $682.1 million


The market value of all companies is $682.1 million.

c. The total tax bill is the sum of the taxes paid by corporations and individuals.

Corporate Taxes:
Corporate Taxes 
= TC * Earnings After Interest




=
TC * (EBIT –{rB* B})




= 0.35 * ($85 million – {0.1246 * $325 million})




= $15,576,750

Personal Taxes:

There are no taxes on equity distributions:

Interest Income:


Group A holds no debt and therefore earns no interest income.

Group B holds $220 million of debt and is subject to a personal tax rate on interest income of 32.5%.


Group B’s Personal Taxes = TB * (B * rB)







= 0.325 * ($220 million * 0.1246)







= $8,908,900

Group C holds $105 million of debt and is subject to a personal tax rate on interest income of 10%. 


Group C’s Personal Taxes
= TB * (B * rB)







= 0.10 * ($105 million * 0.1246)







= $1,308,300

The total amount of personal taxes is $10,217,200 (= $8,908,900 + $1,308,300).

Total Tax Bill 
= Corporate Taxes + Personal Taxes



= $15,576,750 + $10,217,200



= $25,793,950
The total tax bill is $25,793,950.

16.19
a.
According to the Miller Model, in equilibrium:



rB (1 – TC) = rS



where
rB 
= the pre-tax cost of debt (the interest rate)





TC
= the corporate tax rate





rS
= the required return on a firm’s equity



Therefore, the equilibrium interest rate paid by corporations is:



rB (1 – TC) = rS



rB (1 – 0.40) = 0.06



rB 
= 0.06 / (1 – 0.4)




= 0.10


Corporations pay an interest rate of 10%.


In order to determine whether each group would prefer to hold debt or equity, compare the after-personal tax interest rate on debt to the required return on unlevered equity for each of the four groups. A group will prefer to hold the security that offers them the highest rate of return.

The required rate of return to equity holders is 6%. Since equity income is untaxed at the personal level, personal taxes do not change the required return to equity holders.

The market interest rate is 10%.

Group L faces a 50% tax on interest income. The after-personal tax interest rate for investors in Group L is 5% {= 0.10 * (1 - 0.50)}. Since the after-personal tax interest rate (5%) is less than the required return on equity (6%), Group L will buy equity.

Group L will buy equity with its $700 million of wealth.

Group M faces a 40% tax on interest income. The after-personal tax interest rate for investors in Group M is 6% {= 0.10 * (1 - 0.40)}. Since the after-personal tax interest rate (6%) equals the required return on equity (6%), Group M is indifferent between holding debt and equity.

Group M is indifferent between buying debt or equity with its $300 million of wealth.

Group N faces a 20% tax on interest income. The after-personal tax rate interest rate for investors in Group N is 8% {= 0.10 * (1 - 0.20)}. Since the after-personal tax interest rate (8%) is greater than the required return on equity (6%), Group N will buy debt.

Group N will buy debt with its $200 million of wealth.

Group O pays no tax on interest income. The after-personal tax rate interest rate for investors in Group O is 10% {= 0.10 * (1 - 0)}. Since the after-personal tax interest rate (10%) is greater than the required return on equity (6%), Group O will buy debt.

Group O will buy debt with its $500 million of wealth.

Therefore, if Group M chooses to buy all debt, there will be $1 billion (= $300 million + $200 million + $500 million) of debt in the economy.  If Group M chooses to buy all equity, there will be only $700 million (= $200 million + $500 million) of debt in the economy.

The value of equity in the economy can be computed using the following expression:

Equity Value
= (EBIT – rBB)(1 – TC) / rS
If Group M chooses to buy all debt, the value of equity in the economy is:

Equity Value
= ($150 million – {0.10 * $1 billion})(1 – 0.40)) / 0.06



= $500 million

It is no coincidence that the value of equity is exactly equal to Group L’s investable funds. The required return on equity is determined in equilibrium by the amount of available funds from investors who wish to buy equity. Had there been more (less) funds available for equity investment, the required return on equity would be lower (higher).

If Group M chooses to buy all equity, the value of equity in the economy is:

Equity Value
= ($150 million – {0.10 * $700 million})(1 – 0.40)) / 0.06



= $800 million

Therefore, if Group M chooses to buy all debt, the aggregate debt-equity ratio in the economy will be 2 (= $1 billion / $500 million).  However, if Group M chooses to buy all equity, the aggregate debt-equity ratio in the economy will be 0.875 (= $700 million / $800 million).

The debt-equity ratio in the economy can range from 0.875 to 2.


b.
According to the Miller Model, in equilibrium:



rB (1 – TC) = rS



where
rB 
= the pre-tax cost of debt (the interest rate)





TC
= the corporate tax rate





rS
= the required return on a firm’s equity



Therefore, the equilibrium interest rate paid by corporations is:



rB (1 – TC) = rS



rB (1 – 0.30) = 0.06



rB 
= 0.06 / (1 – 0.30)




= 0.0857


Corporations pay an interest rate of 8.57%.


In order to determine whether each group would prefer to hold debt or equity, compare the after-personal tax interest rate on debt to the required return on unlevered equity for each of the four groups. A group will prefer to hold the security that offers them the highest rate of return.

The required rate of return to equity holders is 6%. Since equity income is untaxed at the personal level, personal taxes do not change the required return to equity holders.

The market interest rate is 8.57%.

Group L faces a 50% tax on interest income. The after-personal tax interest rate for investors in Group L is 4.29% {= 0.0857 * (1 - 0.50)}. Since the after-personal tax interest rate (4.29%) is less than the required return on equity (6%), Group L will buy equity.

Group L will buy equity with its $500 million of wealth.

Group M faces a 40% tax on interest income. The after-personal tax interest rate for investors in Group M is 5.14% {= 0.0857 * (1 - 0.40)}. Since the after-personal tax interest rate (5.14%) is less than the required return on equity (6%), Group M will buy equity.

Group M will buy equity with its $300 million of wealth.

Group N faces a 20% tax on interest income. The after-personal tax rate interest rate for investors in Group N is 6.86% {= 0.0857 * (1 - 0.20)}. Since the after-personal tax interest rate (6.86%) is greater than the required return on equity (6%), Group N will buy debt.

Group N will buy debt with its $200 million of wealth.

Group O pays no tax on interest income. The after-personal tax rate interest rate for investors in Group O is 8.57% {= 0.0857 * (1 - 0)}. Since the after-personal tax interest rate (8.57%) is greater than the required return on equity (6%), Group O will buy debt.

Group O will buy debt with its $500 million of wealth.

Therefore, the value of debt in the economy is $700 million (= $200 million + $500 million).

The value of equity in the economy can be computed using the following expression:

Equity Value
= (EBIT – rBB)(1 – TC) / rS
Equity Value
= ($150 million – {0.0857 * $700 million})(1 – 0.30)) / 0.06



= $1,050 million

The debt-equity ratio in the economy is 2/3 (= $700 million / $1,050 million).

