Optimal Global Dynamic Carbon
Abatement



How do income differences shape
optimal global climate policy?
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Previous Work

Privately provided public goods
— Chichilnisky and Heal (1994) [also Chichilnisky and Heal (2000), Shiell (2003),
Sheeran (2006)]
Optimal taxation
— Sandmo (2006)
Equity weights

— Azar and Sterner (1996) [also Azar (1999), Fankhauser, Tol and Pearce (1997),
Hope (2008), Anthoff, Hepburn and Tol (2009), Anthoff and Tol (2010)]

Real World
— DEFRA studies

— European Commission projects: NEEDS (New Energy Externalities
Development for Sustainability)

— Stern Review (?)
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Simple Model

Jwo agents: r & p (rich and poor)
Gross Income: 7r &7p
Mitigation: x,. & x,,
Mitigation Costs: C,(x,) & C,(x,)
Benefits: B, (xr + xp) & B, (xr + xp)
Net Income:
yr(xr,xp) =Y, —C.(x,) + Br(x,, + xp)
Vp (%) = ?p — Cp(xp) T Bp(xr +x,)



Simple Model

Utility: U(y) =lny
Welfare: W = U(y,.) + U()’p)

max U[yr (Xr;xp)] T U[J’p (Xr'xp)]

X1 Xp

max Uy, (x,x,) = 7| + Uy, (. 2p) + 7]

X1 Xp,



Simple Model

#OCs with transfer
Cr(x))

Cp (%)

B,C(x,’*i + x;) + B{,(x;’i + x;)

B,i(x;*i + x;) + BI’,(x;’i + x;)

1
=507 =)



Simple Model

#OCs without transfer
Cr(x;) = By (x) + xp) + ”~ (xr + xp)
%
—+
!/ b 3 y !/ % b S
Cp(xp) = pB (x +xp) + Bp(xr + xp)

Vr



Simple Model

#OCs without transfer
51
Cr(x;) = Bi(x,+x)) T yp By (x; + x,)
+
c(xy) = ip Bl(xi+x))+  By(xp+x))

<1
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T
W= 5 U(Ver)Pey
t=0 r

yI=1/(1—=n) forn+#1

U() = {ln y forn =1

Yt,r T Ct,r (xt,r)
P t,r

y t,r =



_usa | Jom | (AR [

3 2010 6GtC  + 5GtC + 1GtC + ..

l

2011 7 GtC + 6GtC + 1GtC + ..
¢/

2012 8GtC + 7GtC + 2GtC + ..
D, (D) =

Yt,r — Ct,r (xt,r) — Dt,r (S t)
Yer = P, . St+1 = 9 St:z Xtr

r



T
W = Z 5" Z U(yt,‘r')Pt;T
t=0 r
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Two Cases

 With lump sum transfers
— (Negishi weights trick)
 Without lump sum transfers



Bellman Equations & FOC

Ve(5e) = maxz U(Yt r)Ptr + Vg1 (Gegr)

0 Z
ax ( U(yt,'r)Pt,'r + Vt+1( t+1)> =0 Vtrl
t,1 -



Optimal Taxes - Transfers

Marginal Abatement Cost

Ramsey Discount Factor .
or Y Marginal Damage Cost

Ca rbciT ax \ /

MAC(t,i) =
C(t, i) ;Z(l - _l_ngt)tMDslr(t)

Same for all Regions

Social Cost of Carbon



Optimal Taxes — No Transfers

Marginal Abatement Cost
or

Marginal Damage Cost
Carbon Tax

Higher for rich regions
Lower for poor regions

Same for all regions



Optimal Taxes — No Transfers

Marginal Abatement Cost
or
Carbon Tax

Ramsey Discount Factor

\ Marginal Damage Cost

TN nlL»~— 1 NN
MAC(t,i) = n MD; , (t)

s=t (1 + + ngt,r)

Distributional / Equity
Weight

Social Cost of Carbon for one Region
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Impacts
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Optimal taxes in 2005
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Optimal Taxes over Time
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Business as usual warming: 3.17

Utility calibration No transfers Transfers
n=1
prtp=0.1% 2.34
prtp=1.0% 2.91
prtp=3.0% 3.12
n=1.5
prtp=0.1%
prtp=1.0%
prtp=3.0%
n=2
prtp=0.1%
prtp=1.0%

prtp=3.0%
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Mitigation- 2050
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Mitigation - 2100
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Optimal Taxes in 2005
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Conclusions

* Optimal total emissions and optimal
temperature fairly robust

* Distribution of abatement costs depends
critically on possibility of lump sum transfers

* Very large gap between global optimum and
national self-interest



Thank you!

david@anthoff.de
http://www.david-anthoff.de



