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Production or Disposal into Air, Water, or Land
We assume MEDs are  0 < 𝜇G < 𝜇B < 𝜇𝑈



Pigou: If all activities taxable, then FBO tax = MED

• But illegal dumping is often hidden and difficult to penalize.

• Suppose monitoring is too costly, and enforcement is not feasible.  

• What then is the SBO tax or subsidy rate on “good” cleaner methods (𝜏G
∗ ) and 

“bad” dirtier-but-legal methods (𝜏B
∗ )?

• Enforcement is well covered already (Slemrod, 2019 JEL).

• We could model optimal audits, penalties, and imperfect enforcement. Low tax 
rates encourage compliance. But too many tradeoffs for analytical solutions.

• Complicated solutions are complex and difficult to interpret. But it would still 
include cross-price terms like the ones we find here.









Five Contributions
• First, use logic of Corlett and Hague (CH,1953 REStud), about tax 

rates on two goods in utility when leisure cannot be taxed.
• The SBO tax on bad disposal 𝜏𝐵

∗ can be < 𝜏G
∗ , or even less than zero.

• Second, we build and linearize a new AGE model to find changes in 
all outcomes from a small change in each tax (& two special cases) 

• Third, a new method to find level of each SBO tax rate: differentiate 
welfare, insert eq’s for changes, get closed-form solution for each 𝜏∗

• Fourth, we interpret results for pollution changes and SBO tax levels.
• Identify marginal damage term, a CH term, and a cross-price term.   

• Fifth, we calibrate the model for numerical illustrations.



Some relevant prior literature

• Early SBO tax lit: Corlett and Hague (1953) with 951 cites. 
Diamond (1973 ), Atkinson and Stiglitz (1976), Green and 
Sheshinski (1976), Sandmo (1976), Auerbach and Hines (2002).

• SBO pollution tax with untaxed leisure: Bovenberg and Goulder 
(1996).  West and Williams (2007) estimate cross-price elasticity 
between gasoline and leisure and find they are complements.

• Everything on garbage, recycling, dumping: NASEM (2025 book)

• None find SBO pollution taxes with an untaxable waste, …

• Except Sallee (2025), which we show to be a special case.



Key Results

• First, PE elasticities with production, shares, resource constraints →
very different GE elasticities for each outcome w.r.t. each tax price.

• Second, actual changes are what matter for setting SBO tax rates. 

• Third, elasticities combine with share parameters and all three MEDs 
to determine SBO tax rates on good and bad disposal.

• Fourth, if 𝑒𝑈𝐵> 1, and 𝜇𝑈 is 3 x 𝜇𝐵, then 𝜏𝐵
∗ < 𝜏𝐺

∗ (or even negative). 

• Thus, optimal policy subsidizes bad behavior when even-worse ugly 
disposal (a) is highly damaging, (b) cannot be reduced directly, and  
(c) can be reduced by subsidizing that alternative.



Model Basics, Caveats, and Welfare Analysis 
• No dynamics
• Only tax policy
• No costly monitoring 

• Ignore other market failures
• Closed economy, CRTS
• n  identical households

First, two simple special cases help explain our GE model: constant producer 
prices, no endogenous income, and no economy-wide resource constraint

Household:

Social Planner:



Corlett & Hague (1953) result, as in Auerbach & Hines (2002) 



Sallee (2025), with externalities & with a lump-sum tax
• Two green goods and two dirty-but-legal goods that policymakers choose not to tax.
• One exogenous tax change (ෞ𝜏𝐵 > 0) with no change in the other tax rate (ෞ𝜏𝐺 = 0).

• Use six linear eq. above to find six unknown changes (ෞ𝑝𝐺, ෞ𝑝𝐵, ෞ𝑝𝑈, ෠𝐺, ෠𝐵, and ෡𝑈). 
• One untaxed (U). Insert those quantity changes into the welfare equation and solve:

• Sallee equations use partial derivatives and ours use elasticities (we show match).
• His point: each FBO tax rate requires only MED, but SBO rates need much more info.
• But also, with one untaxed, we use Allen (1938) conditions on elasticities to show: 



Our Analytical General Equilibrium Model 
• For tractability, keep it simple: one polluting good 𝑋 and non-polluting good 𝑌

• Only one primary factor 𝐾 in fixed supply but mobile (labor, capital, land)
• So, linear production: 𝑋 = Τ𝐾𝑋 𝑐𝑋  and  𝑌 = Τ𝐾𝑌 𝑐𝑌

• Fixed total waste 𝑊 per unit of 𝑋 in production or post-consumer disposal

• But flexible allocation: 𝑋 = 𝑊(𝐺, 𝐵, 𝑈), like an isoquant combination of 3 inputs

• Each h.h. chooses own 𝑋 and 𝑌, but not total of each negative externality

                 ℒ = 𝛹[𝑊 𝐺, 𝐵, 𝑈 , 𝑌;  𝑛𝐺, 𝑛𝐵, 𝑛𝑈] +  𝜆[𝐼 − 𝑝𝑋
𝐹𝑋 − 𝑝𝑌𝑌]

              where  𝑝𝑊𝑋 = 𝑝𝐺𝐺 + 𝑝𝐵𝐵 + 𝑝𝑈𝑈 and   𝑝𝑋
𝐹𝑋 = 𝑝𝑋𝑋 +  𝑝𝑊X 

• Write 19 basic eqs & differentiate. Solve 19 linear eqs for the effect of one tax 
shock on all 19 changes (prices, quantities, welfare).



Lots of equations, but simple differentiation

• Prodn functions; zero-profits  𝑝𝑋𝑋 = 𝑝𝐾𝐾𝑋  and  𝑝𝑌𝑌 = 𝑝𝐾𝐾𝑌 , etc.

• Resource constraint:  ሜ𝐾 =  𝐾𝑋 + 𝐾𝑌 + 𝐾𝐺 + 𝐾𝐵 + 𝐾𝑈    (𝜃𝐾𝑖  shares) 

• Gov’t budget constraint:  𝑇 = 𝜏𝐺𝐺𝑋 + 𝜏𝐵𝐵𝑋    (𝜃𝑇𝐺  , 𝜃𝑇𝐵  shares )

• Fixed total government revenue. 

• Income is  𝐼 = 𝑝𝐾
ሜ𝐾 + 𝑇







Exogenous increase  ෞ𝜏𝐵  ≡ 𝑑𝜏𝐵/ 𝜏𝐵, but including endogenous ෞ𝜏𝐺:

For an increase  ෞ𝜏𝐵, use linearized budget to solve for ෞ𝜏𝐺  to insert above 



For an increase  ෞ𝜏𝐵, use linearized budget to solve for ෞ𝜏𝐺  to insert above  



Substitute 𝑋 = 𝑊 𝐺, 𝐵, 𝑈  into utility, so households maximize: 

Social planner maximizes utility subject to resource constraints:

𝑑𝛹 = 0 at a welfare max.  FBO at  𝜏𝐺 = 𝜇𝐺 , 𝜏𝐵 = 𝜇𝐵 , and 𝜏𝑈 = 𝜇𝑈.

Because 𝑛 is large, they view  𝑛𝐺, 𝑛𝐵, 𝑛𝑈  as fixed. 

If  𝜏𝑈= 0, insert  ෠𝐺, ෠𝐵, and ෡𝑈 ; find the  𝜏𝐺  and  𝜏𝐵  that make 𝑑𝛹= 0. 

The results are SBO tax rates  𝜏𝐺
∗  and  𝜏𝐵

∗ .



Closed-form SBO tax rates depend on all parameters

Each  𝜏∗ could be the shadow price on a mandate, or indirect subsidy 
(public spending to encourage good disposal, e.g, recycling).

Add Cross-Price Term with 𝐸G𝐵  for how 𝜏𝐵
∗  affects 𝐺 (with its MED, 𝜇𝐺).

Start with MED term. CH term with 𝐸𝑈𝐵  for how 𝜏𝐵
∗  affects 𝑈 (with its MED, 𝜇𝑈).



Calibration













Five Contributions
• First, use logic of Corlett and Hague (CH,1953 REStud), about tax 

rates on two goods in utility when leisure cannot be taxed.
• The SBO tax on bad disposal 𝜏𝐵

∗  can be < 𝜏G
∗ , or even less than zero.

• Second, we build and linearize a new AGE model to find changes in 
all outcomes from a small change in each tax (& two special cases) 

• Third, a new method to find level of each SBO tax rate: differentiate 
welfare, insert eq’s for changes, get closed-form solution for each 𝜏∗  

• Fourth, we interpret results for pollution changes and SBO tax levels.
• Identify a marginal damage term, a CH term, and a cross-price term.   

• Fifth, we calibrate the model for numerical illustrations.



Thanks very much!


	Diapositive 1 The Good, the Bad and the Ugly    Don Fullerton (UIUC, UCSB, NBER) and SunLee Stechuk (UIUC)
	Diapositive 2 Production or Disposal into Air, Water, or Land            We assume MEDs are  0 inférieur à mu indice G inférieur à mu indice B inférieur à mu indice maj U 
	Diapositive 3 Pigou: If all activities taxable, then FBO tax = MED
	Diapositive 4  
	Diapositive 5  
	Diapositive 6  
	Diapositive 7 Five Contributions
	Diapositive 8 Some relevant prior literature
	Diapositive 9 Key Results
	Diapositive 10 Model Basics, Caveats, and Welfare Analysis 
	Diapositive 11 Corlett & Hague (1953) result, as in Auerbach & Hines (2002) 
	Diapositive 12 Sallee (2025), with externalities & with a lump-sum tax
	Diapositive 13 Our Analytical General Equilibrium Model 
	Diapositive 14 Lots of equations, but simple differentiation
	Diapositive 15  
	Diapositive 16  
	Diapositive 17 Exogenous increase  ouvrir parenthèse tau indice maj B , fermer parenthèse chapeau  identique à d tau indice maj B / tau indice maj B , but including endogenous ouvrir parenthèse tau indice maj G , fermer parenthèse chapeau :
	Diapositive 18 For an increase  ouvrir parenthèse tau indice maj B , fermer parenthèse chapeau , use linearized budget to solve for ouvrir parenthèse tau indice maj G , fermer parenthèse chapeau  to insert above  
	Diapositive 19 Substitute maj X égal à maj W ouvrir parenthèse maj G ,, maj B ,maj U , fermer parenthèse  into utility, so households maximize: 
	Diapositive 20 Closed-form SBO tax rates depend on all parameters
	Diapositive 21  Calibration
	Diapositive 22  
	Diapositive 23  
	Diapositive 24  
	Diapositive 25  
	Diapositive 26  
	Diapositive 27 Five Contributions
	Diapositive 28 Thanks very much!


  0 <  𝜇 G <  𝜇 B <  𝜇 U


   𝜏 G ∗


   𝜏 B ∗


   𝜏 B ∗


   𝜏 G ∗


   𝜏  ∗


  →


   e  U B


   𝜇 U


   𝜇 B


   𝜏 B ∗ <  𝜏 G ∗


     𝜏 B ^ > 0


     𝜏 G ^ = 0


     p G ^


     p B ^


     p U ^


   G ^


   B ^


   U ^


  X


  Y


  K


    X =    K X /   c X


  Y =    K Y /   c Y


  W


  X


  X = W ( G ,   B , U ) ,


  X


  Y


  ℒ = 𝛹 [ W  ( G ,   B ,   U ) , Y ;   n G ,   n B , n U ] +   𝜆 [ I −  p X F X −  p Y Y ]


   p W X =  p G G +  p B B +  p U U  


   p X F X =  p X X +    p W X  


   p X X =  p K  K X


   p Y Y =  p K  K Y


   K ̄ =    K X +  K Y +  K G +  K B +  K U


   𝜃  K i


  T =  𝜏 G  G X +  𝜏 B  B X


   𝜃  T G


   𝜃  T B


  I =  p K  K ̄ + T


     𝜏 B ^


  ≡ d  𝜏 B


   𝜏 B


     𝜏 G ^


     𝜏 B ^


     𝜏 G ^


     𝜏 B ^


     𝜏 G ^


  X = W  ( G ,   B , U )


  d 𝛹 = 0


   𝜏 G =  𝜇 G ,      𝜏 B =  𝜇 B ,  


       𝜏 U =  𝜇 U


  n


  n G ,   n B , n U


   𝜏 U


   G ^ ,      B ^


   U ^


   𝜏 G


   𝜏 B


  d 𝛹


   𝜏 G ∗  


   𝜏 B ∗ .


   𝜏  ∗


   E  G B


   𝜏 B ∗


  G


   𝜇 G


   E  U B


   𝜏 B ∗


  U  


   𝜇 U


   𝜏 B ∗


   𝜏 G ∗


   𝜏  ∗

