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_ Intragenerational and intergenerational inequality
Introduction effects on the welfare optimal tax

The quantification of the economic damages of current and future climate change is a very When n>0, the distribution of outcomes — across time and space — matters. Which matters more depends
difficult task. Projections of future climate change are often uncertain. The historical linkages on a combination of things. In the figure below, we plot 27 optimal taxes, for three different values of n, p
between climate events and economic damage can be only partially understood, because and € respectively. The discount rate p takes the values 0, 1%, and 2% per year. Nordhaus (2007) has argued
there are significant limitations in economic and climatic data, and climate change is only one for the upper end of this range and Stern (2006) and Dasgupta (2008) have argued for the lower end of this
of several sources of economic damage. The few estimates of economic response to climate range. The inequality aversion parameter n takes values 1, 1.5 and 2. Nordhaus has argued for the upper
change in the literature are contingent on highly uncertain assumptions about the future end of this range and Stern chose the lower end. Dasgupta argues for much higher values of n.

societies with which climate will interact. One of the innovations in our modeling work is the use of
a parameter for the income elasticity of climate damage, &. | [—«
While other IAM studies have examined the elasticity of
climate related damages to variations of income over time or

No catastrophe

Nevertheless, the challenge of global climate change has motivated a great deal of
research and controversy surrounding the issue of optimal mitigation effort. In the research
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shown here, we examine the roles of time preference, inequality aversion and catastrophic for different sectors of an economy (Houser et al, 2014; | '™ 27\1500 1500

warming scenarios on the implied welfare optimal carbon tax in a variant of the Regionally Mendelsohn et al., 2011), we explicitly consider the | &'

Integrated Climate and Economy (RICE) model (Nordhaus 2007, 2010). By using this well differentiated climate related damages on different income | ~ *® 500 500

known, but simple Integrated Assessment Model (IAM) we are able to explore the policy quintiles within the same society. ° T s 2100 20s0 2100 O 2050 2100

implications of a range of scenarios and normative assumptions. As is clearly visible from the figure to the right, the optimal $=0.01; 7=1.01 p=0.01; =15 $=0.01; 7=2
carbon tax is always greatest for a negative income elasticity 1500 1500 1500

of climate damage ¢=-1 and least for &¢&=1. (In the case of zero
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We call our variant of the RICE model the NICE (Nested Inequalities, Climate and Economy). W(Cl-j,) = E - (1) to the optimal carbon tax). B Al
In the box to the right we show the most relevant equations of the model. Equations (4), it (1 + ,0) 1-n As the rate of time preference increases from 0 to 2% per
. . . p=0.02; =1.01 p=0.02; n=1.5 p=0.02; =2
(7), (8), and (9) are novel to NICE while the others are the same in both models. 1 year (from top to bottom), the optimal tax rate decreases.
 Equation 1 describes welfare (W) as a function of consumption (c), population (L), the 7,0, %2 ) : : : : : 1500 1500 1500
e . . . . . u, ==~ (2) (This was also true in the case of zero inequality aversion.) Q

utility discount rate (time preference) p, and the inequality aversion n. The summation l 6.6, . _ . . _ 21000 1000 1000

goes over time (index t), 12 regions (index i) and sub-regional income quintiles (index l , Increasing the inequality aversion n (from left to right) | & - / - -

i) A (u)=6 u> (3) raises the carbon tax when damages are less than
* We seek the carbon tax t, - in equation (2) - that optimizes W. ) 7 proportional to income and the discount rate is pOSil‘iVE, due ’ 2080 2100 2050 2100 2050 2100
 The tax affects the mitigation rate (1), which increases the mitigation cost - equation D.t (Tz) = OZI.Tt + az.Tt + ast (4) . . : Years Years Years

(3) - and decreases emissions - equations (10) and (11) it\"a ia ia a to a lower level of mitigation and greater damages falling on
* Higher emissions lead to higher temperatures through the simple carbon and Y, = 1—/\,-,(//‘,-,)Q.t (5) the poor. In absence of discounting, damages are sufficiently Note that the spread between the optimal

temperature cycles and forcing equations (13), (14), and (15). These are unmodified 1+D,(T,) controlled under the optimal policy, so that intergenerational carbon tax for the three values of £

from RICE. 1 inequalities become more salient and increasing n lowers the jncreases with n.
* Higher temperatures lead to higher damages, as given in equation (4). Parameters a;; - 17 A\ Y optimal carbon tax

and a,, replicate the damages in RICE. a; is a parameter that can be turned on and off Cir = I it (6) P :

to replicate Weitzman-like catastrophic damages — see section on catastrophic it

damages on the right. pre 5— 14D (7) . ?
 Average regional per-capita consumption — equation (6) - is the unsaved regional net Cijt = Cit( + it )ql-j W h d t t p h d m g m tt

output — equation (5) - divided by the population. e n O Ca a S rO I C a a e S a e r y
* In NICE we distribute the per-capita consumption of every region amongst 5

_ p’/‘e —. ] ] .
Sopulation quintiles. Ciy = Cj, _SC”Dzzdijqz'j (8) In this section, we also explore the role of catastrophic — 1% discounting
* Pre-damage consumption is distributed according to current income distribution data, warming scenarios on the global economy and the gy
embodied in q; - equation (7). p qg resulting optimal carbon tax rates. In the standard RICE £=-1; =0 £=-1; =15 £=1; =2
e The o!amage is distributed according to a cm?stfam:c elasticity parameterlzat!on - i = B (9) model, the parameter a, from equation 5, corresponding 00 500 500
equation (9) — and subtracted from each quintile’s pre-damage consumption — q; ; : : &
equation (8) - to the T’/ term of the damage function is set to O. = i - -
' : : a
* When =1 damages are proportional to income, when ¢=0 damages are independent of Here we consider three scenarios; the standard RICE = S 500 500
income (all income quintiles experience the same amount of damage in absolute E =0,(-u,)Y, (10) model scenario, a scenario in which a 6°C rise in global ) i i
terms) and for ¢=-1 they are inversely proportional. _ _ . mean temperature would lead to a halving of the global 2080 2100 2080 2100 2OED) 0
* Equation 10 shows the total emissions from fossil fuel sources by region and time (E,) £ E L EL g . hich o . : lobal s i £=05 =1 5 £20; =2
as a function of the total economic output (Y,), the mitigation rate (u,) and the carbon f_zl T EL (11) GDP and a scenario in which a 4°C rise in global mean ’ : :
intensity (o,). temperature would lead to a halving of the global GDP (in Lo 1500 100
* Equation 11 shows the total emissions (E,) as a function of the emissions from fossil v 1 [ m m 0 Tt 10 blue, red and vyellow respectively). These latter two gmooo 1000 1000
. ' . . at aa a at— . . . . U)
fuel combustion () and emissions from land use changes (EL,). . M, |=| my my m, | M, |+0]E (13) scenarios are discussed by (Weitzman, 2012) and (Dietz | = s 500 500
 The masses of carbon (M) in the atmosphere, surface ocean and deep ocean (indices a, Iy 0 Iy 0 g vel h di |
b and c respectively) depend on carbon cycle exchange coefficients (m) and the total ol ] Mo M JLM a0 and Stern, 2014) respectively. The corresponding Q3 vValues 0 D G T e 2
anthropogenic carbon emissions (E,) according to equation 13. : are 3.4e-6 and 5.9e-5, respectively. ot mo I o
 The temperature (T) of the atmosphere and surface ocean (indices a and b ?r }=[ faa ha il E)E(MNZMM) (14) For illustrative purposes, we fix the discount rate p to i Lim Sl omkim
: L A : . t t -1 1500 1500 1500
respectlvely) depend on hgat exchangg coefficients (t) and radiative forcing from the | o e |LT be 1%. We allow § to vary from -1 to 1 and n to vary from O 5 \ \
atmospheric carbon according to equation 14. . t0 2. A th h all 9 fi , i a 1000 1000 1000
e The radiative forcing F, depends on the natural exogenous forcing F.,, the E(x)=glog2( +F (15) O <. AS We see through a gures, Increasing o; 7
concentration of carbon in the atmosphere x and the climate sensitivity € according to aPl increases the carbon tax. o o / o /
equation 15. M, stands for the preindustrial carbon concentration. When the income elasticity of damages is negative (top 0 2050 2100 e 2o 050 2100
row), the total tax rates are higher, but the difference in vears vears Years

tax between the different a; and n values are less Conversely, when the income elasticity of

O n Iy i n eq U a I ity aVe rSiO n O r d iSCO U nti ng Ca n pronounced (because presumably the high tax rate forces damage is positive, the total tax rates are lower

enough mitigation to limit the likelihood of having a 4 or and the optimal tax rate becomes more sensitive

jUShfy pOStponing miﬁgatiOn 6°C temperature rise). to differences in o; and n, because the

probability of catastrophic damages increases.

In RICE/NICE growth assumptions are such that future generations are substantially better off
than current generations. The inequality aversion parameter n applies to inequality across

space and time equally in the welfare function — equation (1). In as far as future generations COnCI USIOHS/FUtU e WO rk

are richer, high values of n discount the costs to the future relative to the present; just like the
much debated discount rate.  Lower discount rates imply higher welfare optimal carbon tax rates in all scenarios

 Under growth assumptions in the NICE model, zero inequality aversion and zero discounting leads to high
carbon tax rates and implicitly rapid mitigation.

 Future intragenerational inequalities become salient under weak mitigation policy (high discounting) and
when damages fall more heavily on the poor; intergenerational inequalities dominate otherwise

When n=0, the objective simply maximizes total (possibly discounted) consumption. In this
case the relative affluence of the future over the present has no impact and only the relative
magnitude of the damages and mitigation costs matter. Because the former are significantly

greater than the latter (even in the unmodified RICE model) very high mitigation levels * The distribution of climate damages may strongly influence the welfare optimal carbon tax rate
become optimal. This is especially true if the utility discount rate p is also zero (left panel in * The possibility of catastrophic climate damages has a larger effect on the tax rate when damages are
figure). At higher values of p (middle and right panels), the future climate damages are proportional to income than when they fall on the poor (which requires strong mitigation anyway).
discounted and the consequent carbon tax rate is not quite as high; but still significantly higher * Future work will include studying population, growth and the distribution of abatement costs
than in RICE.

The descending line in these graphs (in blue) is the assumed “backstop” price curve; the
carbon tax at which renewable energy is competitive and full mitigation is achieved. ACkn OW|€dgementS We gratefully acknowledge comments and advice by David Anthoff, Valentina Bosetti, Ottmar
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