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A Stern Simulation Model

Motivation

Basically, at a general level, the claim of the Stern Review ( and some other contributions to the literature ) is that the global economy can be decarbonised without major implications for long run economic growth at the global level. One reason why some doubt this is the fact that, currently, non-carbon ( ie non-fossil) energy is much more capital intensive than carbon energy. The concern is that the additional capital requirements in the energy sector will reduce the capital available in other lines of production, thus reducing economic growth. The purpose of  A Stern Simulation Model is to examine dimensions of this problem in a simple neoclassical endogenous growth framework. Call the proposition that growth can be maintained notwithstanding the phase out of fossil energy the 'Stern Hypothesis'. 

Method

Here the Stern Hypothesis is examined using a very simple growth model. Capital and energy are used in a CES production function to produce a composite, which is used  with labour in a CES production function to produce national income. 

The model is first used in BAU mode, and simulated out to t = 500. In this mode the composite and labour can be subject to endogenous technical progress, represented by Kα where K is the total capital stock. Capital is used to produce energy for production of the composite, and to produce national income. Energy use grows at a constant exponential rate, as does population. The parameters are tuned so as to produce a long run steady state growth rate of about 3%. See Worksheet bau in accompying Excel file Stern Model. 

For the simulations to 'test' the Stern hypothesis a modified model is used, and started at time 200 using levels for the variables realised at that time in the corresponding BAU simulation. See worksheet decarb in the accompanying Excel file Stern Model. The modifications are:

the differentiation of energy into fossil and non-fossil energies

capital requirements for non-fossil are a multiple of those for fossil

total energy requirements for energy supply are met and the remaining capital is used to produce national income

the possibility of endogenous technical progress in energy use is introduced, represented by KEλ where KE is capital used in making energy available.       

Model Specifications

BAU

K - capital stock

L - population

F - capital energy composite

KY - capital input to national income production function

E - energy

FA - augmented capital energy composite

LA - augmented labour

Y - national income

I - investment

KE - capital used in energy delivery

y - national income per capita

α - endogenous technical progress parameter

Lt = (1+gL)Lt-1
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It = sYt
Kt = Kt-1 + It
Et = (1+gE)Et-1
KEt = Et
KYt = Kt - KEt
yt = Yt/Lt
The production functions for F and Y are Constant Elasticity of Substitution, which is
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so 

-1< ρ<0 → σ>1

ρ=0 → σ =1  ( Cobb Douglas)

0<ρ<∞ → σ<1

Mitigation

Mitigation starts at time 200 using variables as evolved to there under bau

F - fossil fuel use

N - non fossil fuel energy

KF - capital in fossil fuel energy delivery

KN - capital in non-fossil energy delivery

KE - capital in all energy delivery KF + KN 

β - parameter for capital requirement in non fossil energy delivery, relative to that for fossil energy

λ - parameter for energy specific endogenous technical progress

π  - Fossil share of energy   

gE - growth rate for energy

gS - growth rate for fossil share of energy

Lt = (1+gL)Lt-1
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It = sYt
Kt = Kt-1 + It
KEt = KFt + KNt 

KYt = Kt - (KFt + KNt)

KFt = Ft
KNt = βNt
Et = (1+gE)Et-1
πt = (1 + gS) πt-1
Ft = πtEt
Nt = Et - Ft
yt = Yt/Lt
Some results

1. In the base case for bau and decarb 

α = 0.6 

δ1 = 0.8   δ2 = 0.3   

ρ1 = 4      ρ2 = 0.6

s =0.15

and labour and energy are growing at 2%. BAU settle down at about 3% growth after some 250 'years', for  α = 0.6. Switching to the mitigation version, with non-fossil requiring three times as much capital, λ = 0, and fossil use set to decline so as to fall by more than 50% within 50 years, it is found that the growth rate falls very little initially, and is pretty much back to where it was in BAU mode after 100 years. 

2. Increasing β to 6 makes no difference to long run growth prospects under decarb.

3. If,  additionally, σ1 is reduced to 0.1111, it makes no real long run difference 

4. If, additionally, σ2 is reduced to 0.3333, it makes no real long run difference

5.If, additionally, δ1 is reduced to 0.4, it makes no real long run difference

6. If additionally, s is reduced to 0.1, long run growth is not much affected.

These results, according to which the 'Stern hypothesis' holds, for this model anyway, over a wide range of parameter values, are perhaps surprising. It should be noted that the endogenous technological progress effect via α = 0.6, which produced the required history for the bau period, is carried over into the mitigation period. 
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