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Abstract 
 
The objective of this paper is to critically assess the use simple rules for the social cost of carbon 
(SCC) employing a rudimentary form of the Ramsey rule. Two interrelated caveats apply. First, 
if climate change poses a serious problem, it is hard to justify an exogenous constant growth rate 
of consumption. Second, to derive the SCC one needs full knowledge of the entire future. 
Popular assumptions to get around this, such as assuming current GDP is optimal, are difficult 
to justify. 
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1. Introduction 

In a rudimentary form the Ramsey rule reads .r g    Here, r  is the discount rate,   is 

the pure rate of time preference,   is the elasticity of marginal utility, and g  is the (per 

capita) consumption growth rate. The rule was derived by Ramsey (1928) as a necessary 

condition for optimality in a seminal model of economic growth. The Ramsey rule is often 

used to calculate the so-called Social Cost of Carbon (SCC), defined as the (monetized) 

current and future damage from emitting a marginal unit of CO2 into the atmosphere. The 

reason for using the Ramsey rule for this purpose is that future damages need to be 

discounted, and the discount rate r  is typically used for this purpose. It is calculated as the 

sum of an exogenously imposed pure rate of time preference and the product of the elasticity 

of marginal utility and the growth rate of consumption, both mostly taken as exogenous 

constants. 1 Tol (2016) surveys 211 estimates of the SCC, developed over the period 1982-

2006 and argues that the vast majority of these estimates is based on the Ramsey rule. The 

policy relevance of the SCC lies in the fact that it can be interpreted as the Pigouvian tax to be 

imposed on CO2 emissions. Since the level of the carbon tax and its development over time is 

a central issue in the debate on climate change and the way to fight climate change, the 

importance of the Ramsey rule is evident.  

The objective of the present contribution is to investigate when the use of the Ramsey rule is 

justified and when not. The focus is on climate change policy. As mentioned before this is a 

popular area of using the Ramsey rule. But there are two interrelated caveats. First of all, if 

climate change poses a serious problem, then the use of the Ramsey rule to derive the 

appropriate interest rate may lead to errors, because as a consequence of the required non-

marginal climate change projects, the growth rate of consumption is likely to change: Climate 

change policy is a non-marginal phenomenon. Dietz and Hepburn (2013) provide a nice 

overview of the literature, showing that the economics profession has been aware of the 

consequences of large projects for cost-benefit analysis (Dasgupta et al. (1972) and Starrett 

(1988)). They also provide a convincing example where valuing the reduction of global 

carbon emissions as if it were a marginal project, leads to serious errors. Second, we want to 

show that the by now popular custom of deriving ‘simple’ rules for the SCC (see Golosov et 

                                                           
1 Of course many forms of uncertainty are pertinent to climate change and should be taken this into account by 

modifying the Ramsey rule (see Gollier and Weitzman (2010) and Gollier (2012)). In this note we restrict 

ourselves to certainty. Uncertainty will not affect our basic argument.  
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al. (2014), Bijgaart et al. (2016), Rezai and Van der Ploeg (2015)) is hard to justify. In an 

optimal decentralized economy, the social cost of carbon can only be derived with full 

knowledge of the complete optimal future path of the relevant variables, including the interest 

rate, which is endogenous in optimal growth models. This has been argued before by 

Smulders (2012) in a general context where he argues that to know shadow prices it is 

necessary to know the future development of the economy. Nevertheless, in economic 

practice many empirical studies are performed to calculate the ‘right’ interest rate, based on 

just postulating a growth rate and an elasticity of marginal utility (see Werkgroep 

Discontovoet (2015) and Centraal Planbureau (2015) for the Netherlands, Cropper (2012), 

Committee for an Official Shadow Price of Carbon (2018) for France).  

We will proceed as follows. In section 2 we outline the basic framework. Subsequently we 

provide a set of examples where the naive use of the Ramsey rule may lead to values of the 

SCC that are incorrect.  

  

2. The basic model  

In the present section we discuss a model that can be seen as a prototype model of the 

‘Integrated Assessment Models’ used to evaluate climate policy. We keep the model as 

simple as possible, still capturing the essence of IAMs. Hence, it includes a climate module 

and describes the accumulation of capital. We consider a closed economy. The labor force L  

equals population and grows at an exogenous and constant growth rate  . Instantaneous 

welfare W  depends positively on per capita consumption /c C L  and negatively on 

accumulated atmospheric CO2 concentration ,X  with initial concentration 
0.X  Instantaneous 

utility is discounted at a constant rate of pure time preference .  Total welfare is to be 

maximized:  

0

max ( ) ( ( ) / ( ), ( )) .te L t W C t L t X t dt





  

The economy’s aggregate production function is given by ( , , , , )F K L R Z X t , where K  

denotes man-made capital, R  is the input from a non-renewable resource, Z  is the use of a 

renewable resource that is perfectly substitutable with the non-renewable resource. The time 

argument t  indicates the possibility of exogenous technical change. We also incorporate 

atmospheric CO2 that might negatively affect output. Emissions of CO2 are denoted by .E  In 
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the model they are proportional to the use of fossil fuel, with factor of proportionality equal to 

unity. Atmospheric concentration decays at a rate   per unit of time. This is a heroic 

assumption. But more realistic and therefore more complicated modelling of the climate 

module will reinforce our conclusions. The unit extraction cost of non-renewables depends on 

the remaining stock .S  Extraction costs are represented by ( )G S R  where G  is a decreasing 

function. Renewables are produced with a linear technology, requiring an amount b  of output 

per unit of production of the renewable. This b  may be declining over time. The optimal path 

of the economy is then derived from maximizing social welfare subject to the conditions 

described above, including the obvious non-negativity conditions.   

0(1) ( ) ( ), (0) ,L t L t L L   

0(2) ( ) ( ), (0)S t R t S S   ,  

0(3) ( ) ( ) ( ), (0) ,X t E t X t X X     

0(4) ( ) ( ( ), ( ), ( ) ( ), ( ), ) ( ) ( ( )) ( ) ( ) ( ) ( ), (0) ,K t F K t L t R t Z t X t t C t G S t R t b t Z t K t K K        

(5) ( ) ( ),E t R t  

(6) ( ) 0, ( ) 0, ( ) 0, ( ) 0, ( ) 0, ( ) 0, ( ) 0.C t R t Z t E t X t S t K t         

Taking account of (1) and (5) and setting 
0 1L   we can write the Hamiltonian of the system 

as 

( )( , , , , , , , , , ) ( , ) [ ] [ ]

[ ( , , , , ) ( ) ( ) .

t t

t

H X S K C R Z t e W e C X R R X

F K e R Z X t C G S R b t Z K

  



     

 

     

     
  

Here   is the shadow price of the exhaustible resource,   is the shadow cost of atmospheric 

CO2 and   is the shadow price of capital. The necessary conditions for the optimization 

entail the maximization of the Hamiltonian with respect to the instruments , ,C R Z  and E . 

Moreover, the shadow prices follow certain paths. This yields 

(7) ( , ) ,t t

ce W e C X      

(8) [ ( , , , , ) ( )) 0 if 0,t

R ZF K e R Z X t G S R           

(9) ( , , , , ) ( ) if 0,t

R ZF K e R Z X t b t Z

     

(10) '( ) ,G S R     
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(11) 
( ) ( , ) ( , , , , ),t t

X Xe W c X F K e R Z X t         

(12) [ ( , , , , ) ].t

KF K e R Z X t        

The social cost of carbon is the loss in welfare due to a marginal increase in the atmospheric 

concentration of CO2. It is equal to the negative of the shadow price of atmospheric CO2: .  

We are also interested in the discount rate. It follows from (12) and (7) that 

(13) / ( , ) ( , ) ,K

c X
r F c X c X

c X
              

where / ,c C L  
( , )

( , )
( , )

cc

c

W c X c
c X

W c X
    and 

( , )
( , ) .

( , )

cX

c

W c X X
c X

W c X
     

Next we derive an expression for the social cost of carbon.  We have, in shorthand, 

( ) .t

X Xe W F        

The solution reads 

( )( ) ( { ( ( ), ( )) ( ) ( ( ), , ( ) ( ), ( ), )} .t s s s

X X

t

t e e e W c s X s s F K s e R s Z s X s s ds     


      

Taking into account the definition of the interest rate and (7), we have, in shorthand, 

0

( )
( )( ) ( { ( ) (0) ( )} .

s

r v dv
t s s

X c X

t

t e e e W s W e F s ds   
 

 


     

Here the social cost of carbon is expressed in utility terms. Dividing by ( )cW t  yields 

0

( )
( ) (0)( )( )

(14) ( { ( )} .
( ) ( ) ( )

s

r v dv
t s s cX

X

c c ct

WW st
e e e e F s ds

W t W t W t

   
 

 


     

Let us consider expressions (13) and (14) in detail. Expression (13) has the flavor of the 

classical Ramsey rule .r g    But (13) is much more general and contains elements that 

are often omitted in the derivation of simple rules. 
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First, since instantaneous welfare may directly depend on the stock of atmospheric CO2, for 

example due to increased health problems, there appears an additional term in the Ramsey 

rule: ( , )
X

c X
X

 .  

In most of the existing ‘simple rules’ literature not much attention is paid to justifying the 

usually made assumption of absence of CO2 in the instantaneous welfare function. This 

neglects the existence of a large literature on how to model damages directly in the 

instantaneous welfare function (see e.g. Michel and Rotillon (1995)). The least one would 

expect is a sensitivity analysis with respect to alternative preference specifications.  

Second, the elasticity of marginal utility of consumption, ( , )c X , may be a function of 

consumption as well as the CO2 stock. Even with additively separable utility of consumption 

and disutility of atmospheric CO2, the elasticity does not need to be independent of the 

consumption rate.  

Third, in employing the classical Ramsey rule to assume that the growth rate of consumption 

equals a constant stationary growth rate (see e.g. Rezai and Van der Ploeg (2016) and Van der 

Ploeg and Rezai (2018)) is not very plausible. In the simple model described, due to our 

assumption on the carbon cycle and the exhaustibility of fossil fuel, a steady state has a zero 

stock of atmospheric CO2 and, most likely, no use of fossil fuel (or with use of fossil fuel 

going to zero)2. We are then in a state with green growth. However, that steady state is highly 

unlikely to prevail from the start, which is now. Interesting for policy makers in the present is 

how to make and steer the transition. Consequently, the relevant interest rate is not so much 

the interest rate corresponding with a steady state.  

This brings us  to a discussion of (14). Clearly, this is not a simple expression. In order to 

calculate the optimal social cost of carbon, we not only need to know present optimal 

consumption but also the entire future optimal path of all variables involved, regardless of 

whether atmospheric CO2 does or does not play a direct role in welfare.3 In order to find a 

simple rule heroic assumptions are made in the literature. For example Golosov et al. (2014) 

introduce specific functional forms for preferences and technology and claim that the optimal 

carbon tax is proportional to GDP. Rezai and Van der Ploeg (2016) employ slightly more 

                                                           
2 With a more realistic carbon cycle atmospheric CO2 will not equal zero in the steady state. But still it will take 

very long before the steady state is reached. See also section 3.3. 
3 It does play a role in e.g. an early paper by Van der Ploeg and Withagen (1990).  
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general functional forms and use the classical Ramsey and claim that the social cost of carbon 

tax is “almost” proportional to GDP. However, in both approaches the carbon tax is taken 

proportional to actual GDP and not to, as it should be, optimal GDP. Hence, together with the 

assumption of being in a steady-growth state, this may lead present-day policy makers to draw 

the wrong conclusions and implement suboptimal policies. Indeed, if climate change poses a 

serious problem, optimal input of fossil fuel is unlikely to equal current input. A similar 

objection concerns the simple rule in Bijgaart et al. (2016) who assume that actual 

consumption equals optimal consumption. A similar inconsistency appears in Nordhaus and 

Sztorc (2013), who seem to assume that actual current policy is optimal policy. Dietz and 

Hepburn (2013) convincingly show that evaluating projects on the assumption that they don’t 

have an effect on the economy in general equilibrium (such as consumption) may lead to 

suboptimal outcomes. They provide examples where in a general equilibrium approach, with 

endogeneity taken into account, projects may be rejected whereas they would be accepted 

otherwise. 

 

3. Illustrative examples 

In this section we present some examples, most of them known from the existing literature, of 

the difficulties of using simple rules. We first consider the original Ramsey model and some 

straightforward extensions. Then we discuss the effect of introducing non-renewable 

resources. Finally we go into the outcomes of a few analytical models that come close to the 

prototype model considered in the previous section. 

 

3.1 The original Ramsey model and some extensions. 

The model developed by Ramsey (1928) is an optimal one sector growth model with one 

sector. The production function has only man-made capital as an input. There is no population 

growth, no technical change, no pure time preference, no emissions, no non-renewable 

resources. Hence, the problem reduces to  

*

0

max [ ( ( )) ( )]U C t U C dt



 ,   

subject to  

0( ) ( ( )) ( ) ( ), (0) ,K t F K t C t K t K K   
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( ) 0, ( ) 0.C t K t    

Here 
*C  is defined by 

* * * *( ) , ( )KC F K K F K    . 4 The Ramsey rule reads 

( )
( ( )) ( ( )) ( ).

( )
K

C t
C t F K t r t

C t
     It is a necessary condition for optimality. Ramsey shows 

that under mild conditions with respect to the utility function and the production function the 

economy converges to the steady state * *( , )K C . Obviously, if the actual capital stock 
0K  is 

not equal to *K , the interest rate is not equal to zero and consumption is not the steady state 

consumption. Consumption will fall over time if and only if 
*

0 .K K  It may also take 

infinitely long before consumption, and hence its growth rate, becomes constant. Extending 

this model with labor in the production function, growing at a constant rate  , allowing for 

Harrod technical progress at a rate  , for constant returns to scale in production and for a 

positive rate of pure time preference  , yields an optimal long run per capita consumption 

growth rate equal to  . The conclusions are again that the growth rate of per capita 

consumption is   forever only if we happen to start in the state corresponding with steady 

state growth. Hence, even if the elasticity of marginal utility is constant, assuming a constant 

interest rate and a constant per capita growth rate, is heroic.  

3.2 Nonrenewable resources 

Fossil fuels play a crucial role in climate change economics. However, their exhaustibility is 

seldom taken into account. This may give rise to insufficient attention for its consequences for 

consumption growth, and therefore the Ramsey rule. Stiglitz (1974) considered an optimal 

growth model in the vein of Ramsey, including, say, energy as a production factor, where 

energy comes from a non-renewable resource. He uses a Cobb-Douglas production function 

and a utility function with elasticity of marginal utility equal to unity. Withagen (1990) 

extended the model so as to include non-unitary elasticity of marginal utility. The economy’s 

objective is to maximize 

1

0

1
( ( ) )

1

t t te e C t e dt   





  

 , 

subject to  

                                                           
4This *C  is introduced in order for the objective functional to converge.   
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31 2 ( )

0( ) ( ) ( ) ( ) ( ), (0) ,
t

K t K t R t e C t K t K K
    

     

0( ) ( ), ( ) 0, (0) .S t R t S t S S     

For an optimum to exist the (long run) growth rate of fossil fuel use should be negative. In 

particular it is required that 
1 3(1 )( ) ( )(1 )           . Moreover, Withagen shows 

that the long run growth rate of consumption converges to 3 2

2 1 2

( ) ( )
.

(1 )
Cg

     

   

  


  

5The 

relevance of this result for the present discussion on the use of the Ramsey rule and SCC is 

that the consumption growth rate and the elasticity of marginal utility are difficult to 

disentangle: Postulating a given elasticity has an impact on the long run growth rate. The fact 

that this occurs in a very simple model with fossil fuel, does not make this issue a scientific 

curiosity. Exhaustibilty of fossil fuel is pertinent in the real world and should be included in 

any IAM.  

Another important finding of resource economics in the present context is due to Dasgupta 

and Heal (1974) who show that, even in the absence of technological progress, optimal 

consumption may be increasing for an initial interval of time and decreasing eventually. 

Hence, in that case, even with a constant elasticity of marginal utility, the social rate of 

discount is non-monotonic as well, and hence not constant. Moreover, whether or not there is 

a phase with increasing consumption depends on the level of the pure rate of time preference 

(see Benchekroun and Withagen (2011)). Hence, in this version of the Ramsey rule, the 

growth rate g  is dependent on the rate of pure time preference .  Again, disentangling the 

growth rate and the rate of pure time preference is not warranted.  

3.3.Models with climate change 

There exist numerous papers on capital accumulation and pollution. Early contributions 

include Forster (1973) and Keeler et al. (1971). A recent paper that closely resembles the 

model of Section 2 was developed by Van der Ploeg and Withagen (2014). It focuses on the 

transition to a carbon-free economy. The maximization problem reads as follows. 

                                                           
5 Note that for constant returns to scale and in the absence of fossil fuel in the production function 2( 0)   the 

growth rate is   .  
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0 0

( ( ), ( )) [ ( ( )) ( ( ))]t te W C t X t dt e U C t D X t dt 

 

    , 

where welfare is additively separable in utility from consumption and damages from 

accumulated CO2. The constraints are (1)-(6) with 0    and without technical progress 

in the production function and the development of renewables. Hence, 

0( ) ( ( ), ( ) ( )) ( ) ( ( )) ( ) ( ) ( ), (0)K t F K t R t Z t C t G S t R t bZ t K t K K       . 

Among the necessary conditions we have the Ramsey rule again: 

( )
( ( ), ( ) ( )) ( ( )) .

( )
K

C t
F K t R t Z t C t

C t
       

In the long run the economy will (asymptotically) converge to the carbon-free steady state, 

where, basically, we are back in the standard Ramsey model that was discussed as the first 

example. Without population growth and without technical progress, the rate of consumption 

will then be constant and the appropriate discount rate in that phase equals the rate of pure 

time preference. However, this should obviously not be the discount rate used on the 

transition path, because along the transition path optimal consumption can be increasing or 

decreasing. Actually, it is shown that if the economy is abundant in fossil fuel consumption 

will initially rise, overshooting the steady state carbon-free consumption rate, and eventually 

decrease towards the steady state. Simulations show that in such an economy the carbon tax 

might be monotonically increasing, but it can also be inverted U-shaped, depending on the 

question whether the economy is still in the developing stage or mature, in terms of capital. In 

any case, a simple rule exists, obviously, but it may be far from optimal. 

 

4. Conclusions 

In this note it has been demonstrated that one should be careful in proposing simple rules 

based on specific assumptions with regard to the constituent elements of the Ramsey rule. The 

argument that policy makers want such rules, giving numbers, and preferably constant 

numbers, is not convincing unless the scientific policy advisors can make clear that the model 

they have in mind, justifies this choice. The existing rules make heroic assumptions: current 

GDP or consumption is optimal GDP or consumption. One could argue that the difference is 

not large, but that is hard to accept when it comes to climate change, which requires action in 
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the short run. Moreover, even if the difference is small, say only 1% of world GDP, one may 

wonder why the price of a simple rule would be billions of euros. Wouldn’t it be better for 

policy makers to confront them with a set of scenarios, entailing the accumulation of 

atmospheric CO2, paths of capital accumulation, exhaustion of fossil fuel, consumption paths, 

consistent with each other, and the let the policy maker make a choice? Technically, the 

design of scenarios is relatively easy, given the enormous power we have in numerical 

calculations. One objection could be that preference of policy makers should be revealed ex 

ante, not ex post. However, we would like to end with a quote from Nobel Prize Winner 

Tjalling Koopmans: “Ignoring realities in adopting “principles” may lead one to search for a 

nonexistent optimum or to adopt an optimum that is open to unanticipated objections” 

(Koopmans, 1965). Indeed, if the policy maker would not understand what the ingredients of 

the model are, then it is better to confront her with entire time paths, rather than with optimal 

long run growth rates of e.g. discount rates or the social cost of carbon.  
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