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Problem 1 
Consider a firm with only one project, which requires an investment in period 0, followed by 
production in periods 1 and 2.  If and when the project is started, the investment cost −𝑋𝑋0 > 0 is 
known with certainty, whereas the subsequent before-tax net operating revenues 𝑋𝑋�1,𝑋𝑋�2 are 
stochastic.  The firm is fully financed by equity, i.e., there is no borrowing.  There is no salvage value 
of remaining capital in period 2.  There is a constant risk free interest rate. 
 
(1a) 
Consider a modified cash flow tax on this firm, with a constant rate 𝜏𝜏 for all three periods.  You can 
assume that: 

• The tax allows immediate expensing, i.e., there is no depreciation schedule. 
• There are never payouts of negative taxes. 
• A “tax loss,” i.e., a negative tax base, can be carried forward with interest to the next period. 
• Firms are allowed to sell unused tax deductions (incl. “carry-forwards”) to other firms. 

 
Show that the carry-forward from period 1 to period 2 can be written as 
 

min[𝑋𝑋�1 + 𝑋𝑋0(1 + 𝑟𝑟), 0], 
 
and write down expressions for the amount of taxes to be paid in periods 0, 1, and 2, called 𝑇𝑇0,𝑇𝑇�1,𝑇𝑇�2.  
(The most elegant solution uses max and min expressions, but you may also write alternative linear 
expressions, like “if 𝛼𝛼 > 𝛽𝛽 at time 1, the taxes to be paid are 𝑇𝑇1 = ⋯” (a linear function of cash 
flows) (for some expressions 𝛼𝛼,𝛽𝛽), and some similar expression(s) and linear function(s) for other 
alternative(s) and periods.) 
 
Show that under some additional assumptions, this tax system is neutral.  (Write down expressions 
for after-tax cash flows, discuss what the additional assumptions are, define neutrality, and show 
that the tax system is neutral.)  Discuss in particular what 𝑟𝑟 has to be.  Discuss also whether the firm, 
as described, can go bankrupt in any sense. 
 
(1b) 
Consider instead an ACC-type or ACE-type tax.  These are equivalent for a firm that does not borrow.  
As opposed to the tax in part (1a), this tax requires investments to be written off according to a 
depreciation schedule, so it is not cash flow based.  In addition to that schedule, there are other 
investment related deductions, namely, in each period (apart from period 0), a stipulated return on 
the tax-written-down value of the firm’s capital at the end of the previous period.  You can assume: 

• There are never payouts of negative taxes. 
• A “tax loss,” i.e., a negative tax base, can be carried forward with interest to the next period. 
• Firms are allowed to sell unused tax deductions (incl. “carry-forwards”) to other firms. 

 
Assume that the depreciation schedule says that a fraction 𝑎𝑎 of  −𝑋𝑋0 is the allowed deduction in 
period 1, while a fraction 𝑏𝑏 of  −𝑋𝑋0 is allowed in period 2. 
 
Show that under some additional assumptions, this tax system is neutral.  Discuss in particular 
whether there are restrictions on 𝑎𝑎, 𝑏𝑏. 
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Problem 2 
 
Consider the model in Lund (2002b), with a royalty in addition to a rent tax.  You can concentrate on 
the case 𝜆𝜆 = 0, i.e., the authorities give no weight to the firms’ after-tax profits in the welfare 
function.  (This could be explained by the firms having foreign owners.) 
 
Consider the additional consideration that the produced (or extracted) quantity 𝑞𝑞 may be polluting, 
and that the authorities put a negative value 𝑑𝑑 ∙ 𝑞𝑞 on this pollution, which (for simplicity) is assumed 
to be an unavoidable consequence of the production (extraction).  (No Carbon Capture and Storage, 
or similar abatement.)  The authorities want to maximize a new definition of welfare, 𝑊𝑊 = 𝑇𝑇 − 𝑑𝑑 ∙ 𝑞𝑞, 
where 𝑑𝑑 is a known constant.  Apart from this, the model is as before.  The same two types of tax are 
used, but there is now an additional purpose to be served. 
 
Show how this affects the solution to the model.  Interpret what you find. 
 
For illustration purposes, you may assume 𝑑𝑑/𝑝𝑝 = 0.5.  Discuss in particular whether the purpose of 
the royalty in the original model, to be able to tax the rent without encouraging cost transfers, will be 
taken care of by introducing the Pigouvian motive, or if the two motives for gross taxation will be 
“added.” 
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