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Abstract 
 

A simple augmentation of the Ramsey-Cass-Koopmans growth model allows it to 

match observed transitions by initially poor economies. A high-convexity installation cost 

directly dampens investment demand for a first capital input. The resulting scarcity acts as a 

bottleneck, strongly dampening demand for investment in a complementary capital input as 

well. The match to observed transitions holds both for narrow and broad interpretations of 

capital. In either case, the bottleneck capital's share of factor income need not be large. 
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Figure 1: Transition Dynamics for Selected Countries

Dots represent the years 1960, 1970, 1980, and 1990.  Underlying data is from the Penn World 
Table Version 5.6 (for West Germany) and Version 6.1 (remaining countries) (Summers, Heston, 
Aten, and Nuxoll, 1994; Heston, Summers, and Aten, 2002).  The cyclical component of each data 
series has been removed using the Hodrick-Prescott filter (Hodrick and Prescott, 1997) with the 
smoothing parameter set equal to 100.
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Parameters: Capital Share: α = 0.44.  Steady-State Marginal Value: q* = 1.02, 3.00.  Installation Cost 
Convexity: φ = 1, 6.  Capital Depreciation: δ = 0. 06.  Population Growth: n = 0.02.  Technological 
Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  Time Preference: ρ = 0.03.

Figure 2: Single Capital Input
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Parameters: Capital Shares: α1 = 0.33; α2 = 0.11.  Steady-State Marginal Values: q1*, q2* = 1.02.  
Installation Cost Convexity: φ1 = 1;  φ2 = 6.  Capital Depreciation: δ1, δ2 = 0. 06.  Population Growth: n = 
0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  Time 
Preference: ρ = 0.03.

Figure 3: Narrow Combined Capital Share
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Figure 4: Broad Combined Capital Share

Parameters: Capital Shares: α1 = 0.33; α2 = 0.33.  Steady-State Marginal Values: q1*, q2* = 1.02.  
Installation Cost Convexity: φ1 = 1;  φ2 = 1, 6.  Capital Depreciation: δ1, δ2 = 0. 06.  Population Growth: 
n = 0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  Time 
Preference: ρ = 0.03.
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Supplemental Figure 1: Neutral vs. Unitary Initial
Capital Ratio, Narrow Combined Capital Share

Parameters: Capital Shares: α1 = 0.33; α2 = 0.11.  Steady-State Marginal Values: q1*, q2* = 1.02.  
Installation Cost Convexity: φ1 = 1;  φ2 = 6.  Capital Depreciation: δ1, δ2 = 0. 06.  Population Growth: n = 
0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  Time 
Preference: ρ = 0.03.
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Supplemental Figure 2: Neutral vs. Unitary Initial
Capital Ratio, Broad Combined Capital Share

Parameters: Capital Shares: α1 = 0.33; α2 = 0.33.  Steady-State Marginal Values: q1*, q2* = 1.02.  
Installation Cost Convexity: φ1 = 1;  φ2 = 6.  Capital Depreciation: δ1, δ2 = 0. 06.  Population Growth: n = 
0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  Time 
Preference: ρ = 0.03.
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Parameters: Capital Shares: α1 + α2 = 0.67; α2 = 0.67, 0.33, 0.11, 0.037. Steady-State Marginal 
Values: q1*, q2* = 1.02.  Installation Cost Convexity: φ1 = 1, φ2 = 6.  Capital Depreciation: δ1, δ2 = 0. 06.  
Population Growth: n = 0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): 
θ = 1.5.  Time Preference: ρ = 0.03.

Supplemental Figure 3: Alternative K2 Shares,
Broad Combined Capital Share,  Neutral Paths
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Parameters: Capital Shares: α1 + α2 = 0.67; α2 = 0.33, 0.11, 0.037. Steady-State Marginal Values: q1*, 
q2* = 1.02.  Installation Cost Convexity: φ1 = 1, φ2 = 6.  Capital Depreciation: δ1, δ2 = 0. 06.  Population 
Growth: n = 0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  
Time Preference: ρ = 0.03.

Supplemental Figure 4: Alternative K2 Shares,
Broad Combined Capital Share,  Initial K2 Scarcity
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Parameters: Capital Shares: α1 = 0.56; α2 = 0.11. Steady-State Marginal Values: q1*, q2* = 1.02.  
Installation Cost Convexity: φ1 = 1, φ2 = 6.  Capital Depreciation: δ1, δ2 = 0. 06.  Population Growth: n = 
0.02.  Technological Progress: x = 0.02.  Intertemporal Elasticity (Reciprocal): θ = 1.5.  Time 
Preference: ρ = 0.03.

Supplemental Figure 5: Varying Initial Scarcity,
Broad Combined Capital Share, Narrow Bottleneck, 
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