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Linking themes of the course:

Measuring and reporting the uncertainty in policy results

Example policy:

Carbon tax on fossil fuels used for electricity generation:

𝑇 = $50 per metric ton of CO2

Applies to coal and gas

Example model:

Natural gas demand equation in logs:

ln൫𝑄௚൯ = β଴ + βଵ ln൫𝑃௚൯ + βଶ ln(𝑃௖) +  βଷ ln(𝐺𝐷𝑃) + ϵ

where:

Variable Description Units
𝑄௚ Natural gas demand mmBTU (Million BTU)

𝑃௚ Real price of natural gas 2012 dollars/mmBTU

𝑃௖ Real price of coal 2012 dollars/mmBTU
𝐺𝐷𝑃 Real GDP 2012 dollars

D: Estimation and Monte Carlo analysis
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Parameter interpretation especially convenient:

Can show:

𝜕 ln(𝑌)

𝜕 ln(𝑋)
⎯⎯⎯⎯⎯⎯ ≈

% Δ𝑌 

% Δ𝑋
⎯⎯⎯⎯⎯

Thus parameters are elasticities:

Own price elasticity:

βଵ =
𝜕 ln൫𝑄௚൯

𝜕 ln൫𝑃௚൯
⎯⎯⎯⎯⎯⎯⎯ ≈

% Δ𝑄௚ 

% Δ𝑃௚
⎯⎯⎯⎯⎯⎯

Cross-price elasticity:

βଶ =
𝜕 𝑙𝑛൫𝑄௚൯

𝜕 𝑙𝑛(𝑃௖)
⎯⎯⎯⎯⎯⎯⎯⎯≈

% 𝛥𝑄௚ 

% 𝛥𝑃௖
⎯⎯⎯⎯⎯⎯

Estimated parameters are uncertain and correlated:

Parameter covariance matrix:

෍ =

 

 
⎣
⎢
⎢
⎡

𝑣𝑎𝑟(β଴) 𝑐𝑜𝑣(β଴, βଵ) 𝑐𝑜𝑣(β଴, βଶ) …

𝑐𝑜𝑣(β଴, βଵ) 𝑣𝑎𝑟(βଵ) … …

𝑐𝑜𝑣(β଴, βଶ) … 𝑣𝑎𝑟(βଶ) …

… … … 𝑣𝑎𝑟(βଷ)⎦
⎥
⎥
⎤

Can show relationships between parameters via confidence ellipses:
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Input data for estimation: 

EIA Monthly Energy Review, 1973-2022

Key policy concern:

Revenue from CO2 from natural gas:

𝑅𝑒𝑣 = 𝑇 ∗ 𝐶௚ ∗ 𝑄௚

where:

𝑇 Tax in dollars/metric ton CO2
𝐶௚ Tons of CO2 emitted per mmBTU of gas used

𝑄௚ Quantity of gas in mmBTU
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Questions:

Expected tax revenue?•
90% confidence interval given parameter uncertainty?•

See g33 demo.py
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