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Background

Energy-economy models with a global scope are used extensively for the analysis of alternative carbon policies.  These models are capable of generating marginal abatement curves for carbon, which are relationships between a carbon price and the corresponding reduction in carbon emissions relative to a reference scenario.  However, marginal abatement curves (MACs) differ widely across models, due in part to varying production structures and parameterization (Weyant 1999).  Each of the models uses economic production functions to simulate the response of producers to changes in relative prices, and each of the models must make assumptions about technology, including flexibility in adjustment of energy demand to changes in price and exogenous technical change over time.  All different models use different production functions with different elasticity of substitution possibilities. The choice of substitution elasticities determines the price response of the models and therefore affects the carbon emission paths and estimated cost of meeting carbon emissions targets. 

Objective of this study is to show  country-wise, sector-wise  variability in elasticity estimates.

How these estimates vary depending on the assumptions of the underlying producers behaviour model. The crucial issue is then how the global model  results vary depending on the country specific parameter values. In order to check the last question we have demonstrated the result performance of one IA model- SGM of PNNL. Model results and implications have been reported with  suggestions for future research. 

Elasticities: What values to use?

Before we decide on any particular value to use for IA models it needs mention that there are several alternative ways to derive the elasticity  estimates depending on the assumptions we adopt for the underlying production technology. Literature suggests a wide range starting from fairly restrictive structures like Leontief, Cobb Dougals to moderately restrictive like CES and nested CES to flexible structures like translog, generalised Leontief  and so on. To model producers behaviour with enough flexibility the translog functional form is frequently used to derive econometric estimates of elasticities using historical data on quantities and prices of inputs to production. This paper shows the range of variation in elasticity estimates obtained from different model runs with the same set of data (table 1). Moreover, we have also shown  that same model produces different elasticity estimates for different country specific realities (Roy et. al. 1999, Schumacher et al. 2001). 

Country specific Elasticity estimates and IA model –Results from SGM run

The IA modelers (exception being Jorgenson) use Leontief or  Cobb-Douglas or CES production functions to describe underlying production structure. The reasons may be compatibility with the underlying general equilibrium structure or difficulty to handle wide  range of substitution possibilities generated from the flexible functional forms  and high data requirement. In our recent attempts at LBNL we have tried to collaborate with  PNNL to explore the possibilities for applying econometrically estimated country specific elasticity  estimates to the Second Generation Model (SGM), an energy-economy model used for climate policy analysis. Based on such collaborative efforts we report on the impact of using these parameters on MACs and carbon scenarios derived using the SGM.

Features of SGM

The SGM is a computable general equilibrium model covering twelve worlds regions with up to 18 producing sectors per region.  The producing sectors cover energy production (oil, gas, coal), energy transformation (electricity, refined petroleum, coke), transportation (passenger transport, freight transport), energy-intensive industries (pulp and paper, chemicals, cement, iron and steel, nonferrous metals, other industry), agriculture, and services.

The SGM contains a large set of parameters that can be used to simulate technical change over time for any given production sector.  These parameters influence the rate of change in efficiency of all inputs to production.  Separate parameters are available for each input to each production process.  Furthermore, these rates of change in input efficiency can be varied at each five-year time step in SGM.  The energy productivity parameter in SGM is similar to the Autonomous Energy Efficiency Improvement parameter (AEEI) found in some other models.

Labor productivity parameters are the primary determinant of economic growth in SGM and are used to influence the time path of GDP in a reference case.  These two sets of parameters, energy efficiency and labor productivity, assist in constructing reference or business-as-usual scenarios.  The labor productivity parameters are used to determine a time path for GDP and the energy efficiency parameters are used to determine consumption of energy by fuel.

The SGM uses non-nested CES production functions, with one elasticity parameter per production function.  However, production within each sector is divided into vintages; each vintage represents five years of investment.  This allows SGM to have both short-run and long-run elasticities of substitution; the long-run elasticity applies to new capital vintages, while the short-run elasticity applies to old vintages.  These elasticities of substitution determine the response of energy demand by producers to a change in relative prices.

The SGM model uses a CES production function to represent all 18 sectors in the model. CES production structures contain a limited number of independent elasticity parameters, far fewer than what can be obtained from econometric results using the translog functional form. The estimated elasticity parameters from LBNL analysis and SGM default values are given in table 1. 

New elasticity estimates and implications for carbon scenarios and abatement costs:

We change the default elasticity parameter values by the new estimates in SGM to look into the sensitivity of the reference case scenario. The results are given in three tables 2.1 through 2.3. 

Both reference  scenarios and emissions scenarios are sensitive to elasticity values. When we increase “elasticity of technical substitution”  carbon emission increase. The possible explanation  as to why carbon emission increases as flexibility increases may be due to one of the underlying assumptions. One of the underlying assumptions that SGM makes is about the productivity rates of each of the factors.  The productivity rate for L is assumed to be higher than those of other factors at each time period.  Hence, in the future, the efficiency of L is consistently higher than E, K, or M.  This makes L more expensive than E, K, and M as the factor prices are expected to reflect its efficiency.  Thus, firms switch away from L to the other factors including E.  With higher flexibility, firms can switch more easily, and firms will use more E.  Therefore, carbon emission increases with more flexibility. 

Concluding Remarks

We need to consider several modeling issues that are relevant to climate policy.  First, stabilizing atmospheric concentrations of greenhouse gases is a long-run problem.  Therefore, it is necessary to use both short run and long run elasticities. Second, CES production structures contain a limited number of independent elasticity parameters, far fewer than what can be obtained from econometric results using the translog functional form.  We should carefully consider which dimensions of producer behavior are most important to represent in a simulation model.  The most important dimension for climate policy is the own-price elasticity of demand for energy.  Another important dimension is the substitution elasticity between capital and labor, especially for developing countries. More effort is needed to resolve or reconcile the issues on elasticity estimates. May be similar experimentation with other models in use for deriving carbon emission scenarios and MAC s would be useful. 
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Table 1. Selected  Estimated Elasticity of Substitution: country-wise , sector-wise, 

                         methodology-wise.

	LBNL estimates
	one value for all
	skk
	sll
	see
	smm
	sek
	sel
	sem
	skl
	skm
	slm

	Paper
	
	
	
	
	
	
	
	
	
	
	

	Brazil: Translog
	
	-33.37
	0.93
	-14.54
	-0.10
	8.23
	0.04
	0.22
	2.57
	2.27
	-0.56

	India: Translog
	
	-6.07
	-1.78
	-0.85
	-0.24
	2.50
	0.48
	-0.47
	-1.50
	1.08
	0.56

	India: Nested CES
	
	
	
	
	
	.91
	.91
	1.14
	1.00
	1.01
	.91

	Korea: Translog
	
	-2.70
	0.23
	-4.12
	-0.04
	-0.48
	0.01
	0.58
	2.16
	0.20
	-0.42

	Korea: Nested CES
	
	
	
	
	
	
	1.01
	.91
	1.00
	1.01
	1.01

	
	
	
	
	
	
	
	
	
	
	
	

	Cement
	
	
	
	
	
	
	
	
	
	
	

	India: Translog
	
	-3.48
	-4.12
	-1.70
	-0.30
	1.39
	0.79
	0.52
	1.48
	-0.01
	-0.26

	India: nested CES
	
	
	
	
	
	.97
	.91
	.91
	1.00
	.97
	.97

	Korea: Translog
	
	-0.05
	-0.20
	-2.15
	0.76
	2.10
	-0.79
	0.27
	0.46
	-1.53
	0.29

	Korea: nested CES
	
	
	
	
	
	1.01
	.91
	.91
	1.00
	1.01
	1.01

	Iron and Steel
	
	
	
	
	
	
	
	
	
	
	

	Brazil (metal)
	
	-26.22
	1.43
	-12.58
	-0.01
	3.79
	-0.42
	0.75
	2.32
	1.20
	-0.54

	India: translog
	
	-6.77
	-0.78
	-3.33
	-0.87
	-1.23
	-0.99
	1.24
	0.12
	2.03
	0.32

	India: nested CES
	
	
	
	
	
	.64
	.34
	.34
	1.00
	.64
	.64

	Korea: translog
	
	-2.54
	-4.68
	4.47
	-0.11
	1.36
	-2.52
	-0.72
	1.08
	0.51
	0.46

	Korea: nested CES
	
	
	
	
	
	.46
	.63
	.63
	1.00
	.46
	.46

	default SGM values
	-.226 and

–.276
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Table 2.2. Results from SGM with varying elasticity values for Korea
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Table 2.3. Results from SGM with varying elasticity values for India 

Figure 1. Carbon emission scenarios
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Figure 1.2  Carbon abatement costs
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		2020		224.8		204		-10.20%		246		216.1		-13.84%

		2025		267.3		240.1		-11.33%		299.6		257.9		-16.17%

		2030		313.2		282		-11.06%		360.1		309.7		-16.27%

		2035		364.2		328.1		-11.00%		428.9		369		-16.23%

		2040		421.1		378.3		-11.31%		506.7		435.3		-16.40%

		2045		483.9		432.8		-11.81%		593.5		508.4		-16.74%

		2050		552.6		493.1		-12.07%		690.1		589.6		-17.05%

		(2) Derived Elasticities for 5 Sectors

		BRAZIL		Elasticity = derived and 0.276						Elasticity = derived and 0.552

				Reference		With C Tax		% change		Reference		With C Tax		% change

						4000R /t C						4000R /t C

		1990		76.9		76.9		0.00%		76.9		76.9		0.00%

		1995		91.8		91.8		0.00%		91.9		91.9		0.00%

		2000		111.7		111.7		0.00%		112.4		112.4		0.00%

		2005		135.1		135.1		0.00%		137		137		0.00%

		2010		165.8		156.9		-5.67%		169		159		-6.29%

		2015		205.3		186.5		-10.08%		210.3		189.6		-10.92%

		2020		252.1		221.8		-13.66%		259.6		226.2		-14.77%

		2025		308.9		266.2		-16.04%		320.3		273.1		-17.28%

		2030		373.3		321.2		-16.22%		390.3		332		-17.56%

		2035		446.7		384.5		-16.18%		471.2		400.3		-17.71%

		2040		530		455.5		-16.36%		563.6		477.8		-17.96%

		2045		623.6		534		-16.78%		668.2		564.3		-18.41%

		2050		728.3		621.3		-17.22%		786.7		661.8		-18.87%
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		BRAZIL		Elasticity = default						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

				ton		103R /t C				ton		103R /t C

		1990		76.9		76.9		0.00%		76.9		76.9		0.00%

		1995		91.6		91.6		0.00%		91.8		91.8		0.00%

		2000		109.8		109.8		0.00%		111.7		111.7		0.00%

		2005		130.3		130.3		0.00%		135.3		135.3		0.00%

		2010		155.9		149		-4.63%		166.5		157.8		-5.51%

		2015		188.1		174.4		-7.86%		206.7		187.9		-10.01%

		2020		224.8		204.2		-10.09%		254.4		223.7		-13.72%

		2025		267.3		240.5		-11.14%		312.1		269.1		-15.98%

		2030		313.1		282.5		-10.83%		377.9		325.4		-16.13%

		2035		364		328.9		-10.67%		453		390.7		-15.95%

		2040		420.8		379.2		-10.97%		538.5		464		-16.06%

		2045		483.6		433.9		-11.45%		635.1		545.3		-16.47%

		2050		552.1		494.2		-11.72%		743.3		636.2		-16.83%
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		2015		2015		2015		2015		2015		2015
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data

						default		derived		change (%)

		India		1990		172.3		172.3		0.00

				1995		206.2		207.1		0.44

				2000		260		261.9		0.73

				2005		327.8		331.4		1.10

				2010		403.2		412.2		2.23

				2015		482.9		500.1		3.56

				2020		563.4		592.7		5.20

				2025		640.3		687.2		7.32

				2030		716.8		783.5		9.31

		Korea		1990		64.2		64.2		0.00

				1995		80		79.7		-0.37

				2000		98.8		98.5		-0.30

				2005		123		123.3		0.24

				2010		144.3		145.9		1.11

				2015		163.4		167.5		2.51

				2020		182.5		189		3.56

				2025		198.6		208		4.73

				2030		210.4		222		5.51

		Brazil		1990		76.9		76.9		0.00

				1995		91.6		91.8		0.22

				2000		109.8		111.7		1.73

				2005		130.3		135.3		3.84

				2010		155.9		166.5		6.80

				2015		188.1		206.7		9.89

				2020		224.8		254.4		13.17

				2025		267.3		312.1		16.76

				2030		313.1		377.9		20.70

				2035		364		453		24.45

				2040		420.8		538.5		27.97

				2045		483.6		635.1		31.33

				2050		552.1		743.3		34.63
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SGM result

		INDIA		Elasticity = default						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

				ton		1200Rp /t C				ton		1200Rp /t C

		1990		172.3		172.3		0.00%		172.3		172.3		0.00%

		1995		206.2		206.2		0.00%		207.1		207.1		0.00%

		2000		260		260		0.00%		261.9		261.9		0.00%

		2005		327.8		327.8		0.00%		331.4		331.4		0.00%

		2010		403.2		330		-18.15%		412.2		327.4		-20.57%

		2015		482.9		365.5		-24.31%		500.1		358.4		-28.33%

		2020		563.4		388.5		-31.04%		592.7		377		-36.39%

		2025		640.3		436.5		-31.83%		687.2		423.3		-38.40%

		2030		716.8		498.7		-30.43%		783.5		493.2		-37.05%

		INDIA		Elasticity = default						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

				ton		300Rp /t C				ton		300Rp /t C

		1990		172.3		172.3		0.00%		172.3		172.3		0.00%

		1995		206.2		206.2		0.00%		207.1		207.1		0.00%

		2000		260		260		0.00%		261.9		261.9		0.00%

		2005		327.8		327.8		0.00%		331.4		331.4		0.00%

		2010		403.2		383.1		-4.99%		412.2		387.9		-5.90%

		2015		482.9		442.9		-8.28%		500.1		448.8		-10.26%

		2020		563.4		504.1		-10.53%		592.7		515.3		-13.06%

		2025		640.3		568.5		-11.21%		687.2		589.3		-14.25%

		2030		716.8		633.5		-11.62%		783.5		673.5		-14.04%

		INDIA		Elasticity = default						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

				ton		600Rp /t C				ton		600Rp /t C

		1990		172.3		172.3		0.00%		172.3		172.3		0.00%

		1995		206.2		206.2		0.00%		207.1		207.1		0.00%

		2000		260		260		0.00%		261.9		261.9		0.00%

		2005		327.8		327.8		0.00%		331.4		331.4		0.00%

		2010		403.2		367.1		-8.95%		412.2		368.6		-10.58%

		2015		482.9		411.8		-14.72%		500.1		411.6		-17.70%

		2020		563.4		455.7		-19.12%		592.7		458		-22.73%

		2025		640.3		509.6		-20.41%		687.2		519.2		-24.45%

		2030		716.8		572.4		-20.15%		783.5		595		-24.06%

		INDIA		Elasticity = default						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

				ton		900Rp /t C				ton		900Rp /t C

		1990		172.3		172.3		0.00%		172.3		172.3		0.00%

		1995		206.2		206.2		0.00%		207.1		207.1		0.00%

		2000		260		260		0.00%		261.9		261.9		0.00%

		2005		327.8		327.8		0.00%		331.4		331.4		0.00%

		2010		403.2		351.5		-12.82%		412.2		352.4		-14.51%

		2015		482.9		382.7		-20.75%		500.1		378.4		-24.34%

		2020		563.4		419.3		-25.58%		592.7		411.4		-30.59%

		2025		640.3		469		-26.75%		687.2		464.4		-32.42%

		2030		716.8		529.4		-26.14%		783.5		538.2		-31.31%
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				refernce		tax		abatement		% rate						refernce		tax		abatement		% rate

		0		0		0		0		0				0		0		0		0		0

		300		716.8		633.5		83.3		11.62109375				300		783.5		673.5		110		14.0395660498

		600		716.8		572.4		144.4		20.1450892857				600		783.5		595		188.5		24.0587109126

		900		716.8		529.4		187.4		26.1439732143				900		783.5		538.2		245.3		31.308232291

		1200		716.8		498.7		218.1		30.4268973214				1200		783.5		493.2		290.3		37.0516911295
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		KOREA		Elasticity = 0.276						Elasticity = 0.552

				Reference		With C Tax		% change		Reference		With C Tax		% change

						150W /t C						150W /t C

		1990		64.2		64.2		0.00%		64.2		64.2		0.00%

		1995		80.1		80.1		0.00%		80.2		80.2		0.00%

		2000		98.9		98.9		0.00%		99.1		99.1		0.00%

		2005		123		123		0.00%		123.5		123.5		0.00%

		2010		144.1		126.6		-13.82%		145.8		124.7		-16.92%

		2015		163.3		136.6		-19.55%		167.4		132.7		-26.15%

		2020		182.6		146.5		-24.64%		189.5		140.7		-34.68%

		2025		199.2		153.9		-29.43%		209.5		147.3		-42.23%

		2030		211.3		162.9		-29.71%		224.6		157.1		-42.97%

		KOREA		Elasticity = derived						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

						150W /t C						150W /t C

		1990		64.2		64.2		0.00%		64.2		64.2		0.00%

		1995		79.8		79.8		0.00%		80.1		80.1		0.00%

		2000		98.5		98.5		0.00%		98.9		98.9		0.00%

		2005		123		123		0.00%		123.4		123.4		0.00%

		2010		145.3		123.4		-17.75%		146.4		122.9		-16.05%

		2015		167		130.8		-27.68%		169.2		129.4		-23.52%

		2020		188.9		137.1		-37.78%		192.9		135.3		-29.86%

		2025		208.6		141.8		-47.11%		214.6		140.2		-34.67%

		2030		223.3		151.1		-47.78%		231.3		150		-35.15%

		KOREA		Electricity = derived, Others = .276						Electricity = derived, Others = .552

				Reference		With C Tax		% change		Reference		With C Tax		% change

						150W /t C						150W /t C

		1990		64.2		64.2		0.00%		64.2		64.2		0.00%

		1995		80.1		80.1		0.00%		80.2		80.2		0.00%

		2000		98.7		98.7		0.00%		99		99		0.00%

		2005		122.7		122.7		0.00%		123.2		123.2		0.00%

		2010		143.8		125.7		-14.40%		145.6		123.9		-14.90%

		2015		163.3		135.3		-20.69%		167.3		131.5		-21.40%

		2020		182.8		144.7		-26.33%		189.7		138.9		-26.78%

		2025		199.7		151.4		-31.90%		209.9		144.8		-31.01%

		2030		212		160.4		-32.17%		225.2		154.5		-31.39%
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		KOREA		Elasticity = default						Elasticity = derived

				Reference		With C Tax		% change		Reference		With C Tax		% change

				ton		150W /t C				ton		150W /t C

		1990		64.2		64.2		0.00%		64.2		64.2		0.00%

		1995		80		80		0.00%		79.7		79.7		0.00%

		2000		98.8		98.8		0.00%		98.5		98.5		0.00%

		2005		123		123		0.00%		123.3		123.3		0.00%

		2010		144.3		126.6		-13.98%		145.9		124.2		-17.47%

		2015		163.4		136.7		-19.53%		167.5		132		-26.89%

		2020		182.5		146.5		-24.57%		189		138.8		-36.17%

		2025		198.6		153.7		-29.21%		208		144		-44.44%

		2030		210.4		162.5		-29.48%		222		153.2		-44.91%





Sheet3

		






_1087009782

