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The	quanEficaEon	of	 the	economic	damages	of	 current	 and	 future	 climate	 change	 is	 a	 very	
difficult	task.	ProjecEons	of	future	climate	change	are	o[en	uncertain.	The	historical	linkages	
between	 climate	 events	 and	 economic	 damage	 can	 be	 only	 parEally	 understood,	 because	
there	are	significant	limitaEons	in	economic	and	climaEc	data,	and	climate	change	is	only	one	
of	several	sources	of	economic	damage.	The	few	esEmates	of	economic	response	to	climate	
change	 in	 the	 literature	 are	 conEngent	 on	 highly	 uncertain	 assumpEons	 about	 the	 future	
socieEes	with	which	climate	will	interact.	
	 	 	 	 	 	 	 	 	 	 	Nevertheless,	the	challenge	of	global	climate	change	has	moEvated	a	great	deal	of	
research	and	controversy	 surrounding	 the	 issue	of	opEmal	miEgaEon	effort.	 In	 the	 research	
shown	here,	we	examine	 the	 roles	 of	 Eme	preference,	 inequality	 aversion	 and	 catastrophic	
warming	 scenarios	 on	 the	 implied	welfare	 opEmal	 carbon	 tax	 in	 a	 variant	 of	 the	Regionally	
Integrated	 Climate	 and	 Economy	 (RICE)	 model	 (Nordhaus	 2007,	 2010).	 By	 using	 this	 well	
known,	 but	 simple	 Integrated	 Assessment	 Model	 (IAM)	 we	 are	 able	 to	 explore	 the	 policy	
implicaEons	of	a	range	of	scenarios	and	normaEve	assumpEons.	

We	call	our	variant	of	the	RICE	model	the	NICE	(Nested	InequaliEes,	Climate	and	Economy).	
In	the	box	to	the	right	we	show	the	most	relevant	equaEons	of	the	model.	EquaEons	(4),	
(7),	(8),	and	(9)	are	novel	to	NICE	while	the	others	are	the	same	in	both	models.	
•  EquaEon	1	describes	welfare	(W)	as	a	funcEon	of	consumpEon	(c),	populaEon	(L),	the	

uElity	discount	rate	(Eme	preference)	ρ,	and	the	inequality	aversion	η.	The	summaEon	
goes	over	Eme	(index	t),	12	regions	(index	i)	and	sub-regional	income	quinEles	(index	
j).		

•  We	seek	the	carbon	tax	τt	-		in	equaEon	(2)	-	that	opEmizes	W.		
•  The	tax	affects	the	miEgaEon	rate	(μ),	which	increases	the	miEgaEon	cost	-	equaEon	

(3)	-	and	decreases	emissions	-	equaEons	(10)	and	(11).	
•  Higher	 emissions	 lead	 to	 higher	 temperatures	 through	 the	 simple	 carbon	 and	

temperature	 cycles	 and	 forcing	equaEons	 (13),	 (14),	 and	 (15).	 These	 are	unmodified	
from	RICE.	

•  Higher	temperatures	lead	to	higher	damages,	as	given	in	equaEon	(4).	Parameters	α1i	
and	α2i	replicate	the	damages	in	RICE.	α3	is	a	parameter	that	can	be	turned	on	and	off	
to	 replicate	 Weitzman-like	 catastrophic	 damages	 –	 see	 secEon	 on	 catastrophic	
damages	on	the	right.	

•  Average	regional	per-capita	consumpEon	–	equaEon	(6)	-	 is	the	unsaved	regional	net	
output	–	equaEon	(5)	-	divided	by	the	populaEon.		

•  In	 NICE	 we	 distribute	 the	 per-capita	 consumpEon	 of	 every	 region	 amongst	 5	
populaEon	quinEles.		

•  Pre-damage	consumpEon	is	distributed	according	to	current	income	distribuEon	data,	
embodied	in	qij	-	equaEon	(7).		

•  The	 damage	 is	 distributed	 according	 to	 a	 constant	 elasEcity	 parameterizaEon	 –	
equaEon	 (9)	 –	 and	 subtracted	 from	 each	 quinEle’s	 pre-damage	 consumpEon	 –	
equaEon	(8).		

•  When	ξ=1	damages	are	proporEonal	to	income,	when	ξ=0	damages	are	independent	of	
income	 (all	 income	 quinEles	 experience	 the	 same	 amount	 of	 damage	 in	 absolute	
terms)	and	for	ξ=-1	they	are	inversely	proporEonal.		

•  EquaEon	10	shows	the	total	emissions	from	fossil	fuel	sources	by	region	and	Eme	(Eit)	
as	a	funcEon	of	the	total	economic	output	(Yit),	the	miEgaEon	rate	(μit)	and	the	carbon	
intensity	(σit).		

•  EquaEon	11	shows	 the	 total	emissions	 (Et)	as	a	 funcEon	of	 the	emissions	 from	fossil	
fuel	combusEon	(Eit)	and	emissions	from	land	use	changes	(ELt).	

•  The	masses	of	carbon	(M)	in	the	atmosphere,	surface	ocean	and	deep	ocean	(indices	a,	
b	and	c	respecEvely)	depend	on	carbon	cycle	exchange	coefficients	(m)	and	the	total	
anthropogenic	carbon	emissions	(Et)	according	to	equaEon	13.		

•  The	 temperature	 (T)	 of	 the	 atmosphere	 and	 surface	 ocean	 (indices	 a	 and	 b	
respecEvely)	depend	on	heat	exchange	coefficients	 (t)	and	radiaEve	forcing	from	the	
atmospheric	carbon	according	to	equaEon	14.	

•  The	 radiaEve	 forcing	 Ft	 depends	 on	 the	 natural	 exogenous	 forcing	 Ftexo,	 the	
concentraEon	of	carbon	in	the	atmosphere	x	and	the	climate	sensiEvity	ε	according	to	
equaEon	15.	MaPI	stands	for	the	preindustrial	carbon	concentraEon.	
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In	RICE/NICE	growth	assumpEons	are	such	that	future	generaEons	are	substanEally	beRer	off	
than	 current	 generaEons.	 The	 inequality	 aversion	 parameter	 η	 applies	 to	 inequality	 across	
space	and	Eme	equally	in	the	welfare	funcEon	–	equaEon	(1).	In	as	far	as	future	generaEons	
are	richer,	high	values	of	η	discount	the	costs	to	the	future	relaEve	to	the	present;	just	like	the	
much	debated	discount	rate.	
							When	η=0,	the	objecEve	simply	maximizes	total	(possibly	discounted)	consumpEon.	In	this	
case	the	relaEve	affluence	of	the	future	over	the	present	has	no	impact	and	only	the	relaEve	
magnitude	of	 the	damages	and	miEgaEon	costs	maRer.	Because	the	former	are	significantly	
greater	 than	 the	 laRer	 (even	 in	 the	 unmodified	 RICE	 model)	 very	 high	 miEgaEon	 levels	
become	opEmal.	This	 is	especially	true	 if	 the	uElity	discount	rate	ρ	 is	also	zero	(le[	panel	 in	
figure).	 At	 higher	 values	 of	 ρ	 (middle	 and	 right	 panels),	 the	 future	 climate	 damages	 are	
discounted	and	the	consequent	carbon	tax	rate	is	not	quite	as	high;	but	sEll	significantly	higher	
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	compeEEve	and	full	miEgaEon	is	achieved.	
	 	 	 In	 the	 le[	 panel	 (ρ=0),	 the	
carbon	 tax	 (in	 red)	 reaches	 the	
backstop	 price	 immediately.	 In	
the	 middle	 panel	 (ρ=1%/year)	
and	right	panel	 (ρ=2%/year)	 	 the	
carbon	 tax	 reaches	 the	 backstop	
by	 about	 2090	 and	 2160,	
respecEvely.	

When	η>0,	the	distribuEon	of	outcomes	–	across	Eme	and	space	–	maRers.	Which	maRers	more	depends	
on	a	combinaEon	of	things.	In	the	figure	below,	we	plot	27	opEmal	taxes,	for	three	different	values	of		η,	ρ	
and	ξ	respecEvely.	The	discount	rate	ρ	takes	the	values	0,	1%,	and	2%	per	year.	Nordhaus	(2007)	has	argued	
for	the	upper	end	of	this	range	and	Stern	(2006)	and	Dasgupta	(2008)	have	argued	for	the	lower	end	of	this	
range.	The	 inequality	aversion	parameter	η	takes	values	1,	1.5	and	2.	Nordhaus	has	argued	for	the	upper	
end	of	this	range	and	Stern	chose	the	lower	end.	Dasgupta	argues	for	much	higher	values	of	η.	
							One	of	the	innovaEons	in	our	modeling	work	is	the	use	of	
a	 parameter	 for	 the	 income	 elasEcity	 of	 climate	 damage,	 ξ.	
While	 other	 IAM	 studies	 have	 examined	 the	 elasEcity	 of	
climate	related	damages	to	variaEons	of	income	over	Eme	or	
for	 different	 sectors	 of	 an	 economy	 (Houser	 et	 al.,	 2014;	
Mendelsohn	 et	 al.,	 2011),	 we	 explicitly	 consider	 the	
differenEated	 climate	 related	 damages	 on	 different	 income	
quinEles	within	the	same	society.		
						As	is	clearly	visible	from	the	figure	to	the	right,	the	opEmal	
carbon	tax	is	always	greatest	for	a	negaEve	income	elasEcity	
of	climate	damage	ξ=-1	and	least	for	ξ=1.	(In	the	case	of	zero	
inequality	 aversion,	 different	 values	 of	 ξ	make	no	difference	
to	the	opEmal	carbon	tax).	
						As	the	rate	of	Eme	preference	increases	from	0	to	2%	per	
year	 (from	 top	 to	 boRom),	 the	 opEmal	 tax	 rate	 decreases.	
(This	was	also	true	in	the	case	of	zero	inequality	aversion.)	
	 	 	 	 	 	 Increasing	 the	 inequality	aversion	η	 (from	 le[	to	right)	
raises	 the	 carbon	 tax	 when	 damages	 are	 less	 than	
proporEonal	to	income	and	the	discount	rate	is	posiEve,	due	
to	a	 lower	level	of	miEgaEon	and	greater	damages	falling	on	
the	poor.	 In	absence	of	discounEng,	damages	are	sufficiently	
controlled	under	the	opEmal	policy,	so	that	intergeneraEonal	
inequaliEes	become	more	salient	and	increasing	η	lowers	the	
opEmal	carbon	tax.		

In	 this	 secEon,	 we	 also	 explore	 the	 role	 of	 catastrophic	
warming	 scenarios	 on	 the	 global	 economy	 and	 the	
resulEng	 opEmal	 carbon	 tax	 rates.	 In	 the	 standard	 RICE	
model,	 the	parameter	α3	 from	equaEon	5,	 corresponding	
to	the	T7	term	of	the	damage	funcEon	is	set	to	0.		
	 	 	 	 	Here	we	consider	 three	scenarios;	 the	standard	RICE	
model	 scenario,	 a	 scenario	 in	 which	 a	 6°C	 rise	 in	 global	
mean	 temperature	would	 lead	 to	 a	 halving	 of	 the	 global	
GDP	 and	 a	 scenario	 in	 which	 a	 4°C	 rise	 in	 global	 mean	
temperature	would	lead	to	a	halving	of	the	global	GDP	(in	
blue,	 red	 and	 yellow	 respecEvely).	 These	 laRer	 two	
scenarios	 are	 discussed	 by	 (Weitzman,	 2012)	 and	 (Dietz	
and	Stern,	2014)	respecEvely.	The	corresponding	α3	values	
are	3.4e-6	and	5.9e-5,	respecEvely.		
	 	 	 	 	 	For	illustraEve	purposes,	we	fix	the	discount	rate	ρ	to	
be	1%.	We	allow	ξ	to	vary	from	-1	to	1	and	η	to	vary	from	0	
to	 2.	 As	 we	 see	 through	 all	 9	 figures,	 increasing	 α3	
increases	the	carbon	tax.			
						When	the	income	elasEcity	of	damages	is	negaEve	(top	
row),	 the	 total	 tax	 rates	 are	 higher,	 but	 the	difference	 in	
tax	 between	 the	 different	 α3	 and	 η	 values	 are	 less	
pronounced	(because	presumably	the	high	tax	rate	forces	
enough	miEgaEon	 to	 limit	 the	 likelihood	of	having	a	4	or	
6°C	temperature	rise).		

Conversely,	 when	 the	 income	 elasEcity	 of	
damage	 is	posiEve,	 the	total	 tax	rates	are	 lower	
and	the	opEmal	tax	rate	becomes	more	sensiEve	
to	 differences	 in	 α3	 and	 η,	 because	 the	
probability	of	catastrophic	damages	increases.	

•  Lower	discount	rates	imply	higher	welfare	opEmal	carbon	tax	rates	in	all	scenarios	
•  Under	growth	assumpEons	 in	the	NICE	model,	zero	 inequality	aversion	and	zero	discounEng	leads	to	high	

carbon	tax	rates	and	implicitly	rapid	miEgaEon.	
•  Future	 intrageneraEonal	 inequaliEes	 become	 salient	 under	weak	miEgaEon	 policy	 (high	 discounEng)	 and	

when	damages	fall	more	heavily	on	the	poor;	intergeneraEonal	inequaliEes	dominate	otherwise	
•  The	distribuEon	of	climate	damages	may	strongly	influence	the	welfare	opEmal	carbon	tax	rate	
•  The	 possibility	 of	 catastrophic	 climate	 damages	 has	 a	 larger	 effect	 on	 the	 tax	 rate	 when	 damages	 are	

proporEonal	to	income	than	when	they	fall	on	the	poor	(which	requires	strong	miEgaEon	anyway).	
•  Future	work	will	include	studying	populaEon,	growth	and	the	distribuEon	of	abatement	costs	
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Note	that	the	spread	between	the	opEmal	
carbon	tax	for	the	three	values	of	ξ	
increases	with	η.		
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