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Ricardian equivalence  

 Government: Two-period model: 

 

𝐺1 = 𝑇1 + 𝐵1 

𝐺2 = 𝑇2 − 1 + 𝑟 𝐵1 

 

𝐺1 +
𝐺2
1 + 𝑟
= 𝑇1 +

𝑇2
1 + 𝑟
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Ricardian equivalence  

 Government: 

𝐺𝑡 = 𝑇𝑡 + 𝐵𝑡 − 1 + 𝑟 𝐵𝑡−1 

 

 

Transversality condition   lim
𝑠→∞

1

1+𝑟

𝑠−1
𝐵𝑠 = 0 

 
𝐺𝑡
1 + 𝑟 𝑡−1

∞

𝑡=1

= 
𝑇𝑡

1 + 𝑟 𝑡−1

∞

𝑡=1
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Ricardian equivalence  

 Households: Two-period model 

 

max
𝑐
𝑢 𝑐1 + 𝛽𝑢(𝑐2) 

𝑐1 + 𝐵1 = 𝑌1 − 𝑇1 

𝑐2 = 𝑌2 − 𝑇2 + 1 + 𝑟 𝐵1 

 

𝑐1 +
𝑐2
1 + 𝑟
= 𝑌1 +

𝑌2
1 + 𝑟
− 𝑇1 +

𝑇2
1 + 𝑟
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𝑠. 𝑡. 



Ricardian equivalence  

 Households: 

max
𝑐
 𝛽𝑡−1𝑈(𝐶𝑡)

∞

𝑡=1

 

𝑌𝑡 + 1 + 𝑟 𝐵𝑡−1 = 𝐶𝑡 + 𝑇𝑡 + 𝐵𝑡 

 

 
1

1 + 𝑟

𝑡−1

𝑌𝑡 − 𝑇𝑡 = 
1

1 + 𝑟

𝑡−1

𝐶𝑡

∞

𝑡=1

∞

𝑡=1
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𝑠. 𝑡. 



Ricardian equivalence  

 Government:    
𝐺𝑡

1+𝑟 𝑡−1
∞
𝑡=1 =  

𝑇𝑡

1+𝑟 𝑡−1
∞
𝑡=1  

 Households:    
1

1+𝑟

𝑡−1
𝑌𝑡 − 𝑇𝑡 =  

1

1+𝑟

𝑡−1
𝐶𝑇

∞
𝑡=1

∞
𝑡=1  

 

 

 
1

1 + 𝑟

𝑡−1

𝐶𝑇

∞

𝑡=1

= 
1

1 + 𝑟

𝑡−1

𝑌𝑡 − 𝐺𝑡

∞

𝑡=1
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Optimal taxation  

 𝑓
𝑇𝑡

𝑌𝑡
= 𝑡ℎ𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑛𝑐𝑜𝑚𝑒 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑙𝑜𝑠𝑒𝑠 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑜𝑓 𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑖𝑜𝑛𝑠 

 𝑓′ > 0 , 𝑓" > 0 

 𝑡𝑜𝑡𝑎𝑙 𝑙𝑜𝑠𝑠 = 𝑌𝑡 . 𝑓
𝑇𝑡

𝑌𝑡
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𝑓
𝑇𝑡
𝑌𝑡

 

𝑇𝑡
𝑌𝑡

 



Optimal taxation  

 Government: 

min
{𝑇𝑡}𝑡=1
∞
 

1

1 + 𝑟

𝑡−1

𝑌𝑡 . 𝑓
𝑇𝑡
𝑌𝑡

∞

𝑡=1

 

 
1

1 + 𝑟

𝑡−1

𝐺𝑡

∞

𝑡=1

≤ 
1

1 + 𝑟

𝑡−1

𝑇𝑡

∞

𝑡=1

 

 

𝑓′
𝑇𝑡

𝑌𝑡
=𝜆   tax smoothing 
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𝑠. 𝑡. 



Optimal taxation  

 Result: 

 

 
𝐺𝑡
1 + 𝑟 𝑡

=  
𝑌𝑡
1 + 𝑟 𝑡

𝜏∗ 

 

𝜏∗ =
𝑁𝑃𝑉{𝐺𝑡}

𝑁𝑃𝑉{𝑌𝑡}
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Optimal taxation  

 Microeconomics where price elasticity of goods are the same: 

 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 = 𝐿 , 𝑙 = 1, … , 𝐿  →  𝜏𝑙 = 𝜏
∗ 

 

 

 Macroeconomics where tax is a source of deadweight loss & 𝑟 is constant over time: 

 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑟𝑖𝑜𝑑𝑠 = 𝑇 , 𝑡 = 1,… , 𝑇 →  𝜏𝑡 = 𝜏
∗ 

 

 Macroeconomics where tax rate is different for consumption and investment: 

 𝜏𝐼𝑡 = 𝜏 𝐼   &  𝜏𝐶𝑡 = 𝜏 𝐶  
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Optimal taxation: example 1 

 𝑌𝑡 = 𝑌 ,       ∀𝑡 

 𝐺𝑡 = 1 < 𝑌 ,      ∀𝑡 


𝑇𝑡

𝑌𝑡
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 & 𝑌𝑡 = 𝑌  → 𝑇𝑡 = 𝑇   

  
1

1+𝑟

𝑡−1
𝐺𝑡

∞
𝑡=1 =  

1

1+𝑟

𝑡−1
𝑇𝑡

∞
𝑡=1  

 

1. 
1

1 + 𝑟

𝑡−1∞

𝑡=1

= 𝑇 . 
1

1 + 𝑟

𝑡−1∞

𝑡=1

 

𝑇 =1  & 𝐵𝑡 = 0 
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Optimal taxation: example 1 13 

𝑡 

𝐺𝑡 

𝑌𝑡 

1 

𝑌  



Optimal taxation: example 2 

 𝑌𝑡 = 𝑌 ,       ∀𝑡 

 𝐺1 = 1, 𝐺2 = 𝐺3 = ⋯ = 0 

14 

𝑌𝑡 𝑌  

1 

1 2 𝐺𝑡 
𝑡 



Optimal taxation: example 2 


𝑇𝑡

𝑌𝑡
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 & 𝑌𝑡 = 𝑌  → 𝑇𝑡 = 𝑇   

  
1

1+𝑟

𝑡−1
𝐺𝑡

∞
𝑡=1 =  

1

1+𝑟

𝑡−1
𝑇𝑡

∞
𝑡=1  

 

1 = 𝑇 . 
1

1 + 𝑟

𝑡−1∞

𝑡=1

 

𝑇 = 
𝑟

1+𝑟
  & 𝐵𝑡 =

1

1+𝑟
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Optimal taxation: example 2 16 

𝑡 

𝑇𝑡 

𝐵𝑡 

𝑟

1 + 𝑟
 

1

1 + 𝑟
 



Optimal taxation: example 3 

 𝑌𝑡 = 𝑌 ,       ∀𝑡 

 𝐺1 = 𝐺2 = 0, 𝐺3 = 1, 𝐺4 = 𝐺5 = ⋯ = 0 
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𝑌𝑡 𝑌  

1 2 3 4 𝐺𝑡 
𝑡 



Optimal taxation: example 3 


𝑇𝑡

𝑌𝑡
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 & 𝑌𝑡 = 𝑌  → 𝑇𝑡 = 𝑇   

  
1

1+𝑟

𝑡−1
𝐺𝑡

∞
𝑡=1 =  

1

1+𝑟

𝑡−1
𝑇𝑡

∞
𝑡=1  

 

1

1 + 𝑟 2
. 𝐺3 = 𝑇 .

1 + 𝑟

𝑟
 

𝑇 =
𝑟

1 + 𝑟 3
 

𝐵1 =
−𝑟

1+𝑟 3
 & 𝐵2 =

−𝑟(𝑟+2)

1+𝑟 3
 & 𝐵3 = 𝐵4 = 𝐵5 = ⋯ =

1

1+𝑟 3
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Optimal taxation: example 3 19 

𝑡 

𝑇  

𝐵𝑡 

1 2 3 4 

𝑟

1 + 𝑟 3
 

−𝑟

1 + 𝑟 3
 



Supplemental topics 

 Optimal tax scheme: t_k =0, t_l=constant 

 W(G,T) 

 W(beta) 
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Conclusion  

 Proportional taxes create distortions and reduce the source on which they 

are levied. 

 Lump-sum taxes are not distortionary. 

 Who you tax also matters: the results are sensitive to the choice of the utility 

function. 

 Increasing taxes is not a popular policy option for an elected government. 

Debt (and seignorage) are more popular. 
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