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NiGEM Topical Feature 
Modelling a sudden largescale global 
carbon tax shock in NiGEM
by Dawn Holland and Kemar Whyte1

1	 We	would	like	to	thank	Jagjit	Chadha,	Ian	Hurst,	Iana	Liadze,	Paul	Morti	mer-Lee,	and	Barry	Naisbitt		for	helpful	comments.
2	 For	more	informati	on	on	NiGEM,	please	visit	htt	ps://nimodel.niesr.ac.uk/
3	 This	is	eff	ected	as	a	permanent,	absolute	rise	of	100	in	the	level	of	the	NiGEM	variable	“CBTAX”	in	all	countries.
4	 htt	ps://www.bankofengland.co.uk/stress-testi	ng/2021/key-elements-2021-biennial-exploratory-scenario-fi	nancial-risks-climate-change
5	 This	is	eff	ected	as	a	2-year	absolute	rise	in	the	NiGEM	variable	“IPREM”	of	0.007	in	the	Euro	Area,	0.015	in	the	UK	and	0.01	in	the	rest	of	

the	world.

1. Summary 
Climate	 change	 policies	 such	 as	 carbon	 taxes	 and	
emissions	trading	schemes	(ETSs)	have	become	key	policy	
tools to reduce greenhouse gas (GHG) emissions and limit 
global	temperature	increases.	In	this	Topical	Feature,	we	
use the National Institute Global Econometric Model 
(NiGEM)	 to	 illustrate	 the	 expected	 macroeconomic	
fallout	 from	 a	 sharp	 and	 unexpected	 rise	 in	 the	 price	
of	 carbon.	 The	 rise	 in	 carbon	 tax	 is	 accompanied	 by	 a	
temporary	rise	in	global	credit	constraints,	to	capture	the	
heightened	uncertainty	 triggered	by	 the	 sudden	 shift	 in	
asset	valuations.	Our	findings	suggest	that	countries	that	
have	a	higher	energy	intensity	of	output,	and	those	that	
consume	relatively	more	carbon	intensive	fuels,	are	more	
vulnerable	 compared	with	 countries	 that	 predominantly	
use	gas	or	renewables.	In	terms	of	macroeconmic	impact,	
our	scenario	yields	 lower	GDP	and	higher	 inflation	in	all	
major	economies.

Highlights
  A	 sharp	 and	 unexpected	 rise	 in	 the	 price	 of	 carbon	
could	trigger	a	sudden	shift	 in	asset	valuations	and	a	
tightening	of	global	credit	constraints.

  A	$100	 rise	 in	carbon	price	would	 raise	 the	price	of	
coal	by	over	300	per	cent	relative	to	renewables.

  GDP	would	 be	 expected	 to	 decline	 by	 1-2	 per	 cent	
in	 most	 OECD	 economies;	 the	 impacts	 would	 be	
greater	in	more	energy	intensive	and	carbon	intensive	
economies	such	as	Russia	and	India.

2. Modelling a carbon tax shock 
The	 NiGEM	 climate	 model	 is	 an	 expanded	 version	 of	
the standard NiGEM model that introduces climate 
policy	 instruments	and	other	channels	needed	to	model	
energy	 transition	 and	 physical	 climate	 shocks.	 In	 this	
Topical	Feature,	we	use	the	NiGEM	v3.21	Climate	model,	
and	make	 use	 of	 the	 transition	 scenario	 channels.2 The 
scenarios	to	be	tested	are	as	follows.	

a.	 An unanticipated permanent rise in the carbon price 
by $100 per tonne of CO2 in all countries.3	Specifically,	
we	 focus	on	an	explicit	 carbon	 tax	with	 the	potential	
to	generate	government	revenue.	Under	the	emissions	
trading	schemes	in	Europe,	carbon	is	currently	trading	
at	 just	over	$60	per	 tonne,	whereas	estimates	of	 the	
social	 cost	of	 carbon	 tend	 to	exceed	$100	per	 tonne	
(Stern	 and	 Stiglitz,	 2021).	A	 sudden	 and	 sharp	 rise	 in	
carbon	price	is	widely	viewed	as	a	key	concern	within	
the	financial	sector.	Stress	testing	exercises	by	the	Bank	
of	England	consider	the	potential	for	carbon	prices	to	
rise	to	over	$1000	per	tonne	by	2050.4 A $100 carbon 
tax	 rise	 would	 be	 a	 significant	 shock	 to	 the	 world	
economy	but	 falls	well	within	 the	 realms	 of	 potential	
scenarios.

b.		A temporary rise in credit constraints to capture 
heightened uncertainty and credit rationing triggered 
by the sudden shift in asset valuations.5	A	 sharp	and	
unexpected	rise	in	the	price	of	carbon	will	to	introduce	
a	 heightened	 period	 of	 financial	 uncertainty.	 The	
phase-out	 of	 fossil-fuel	 use	 will	 expose	 widespread	
vulnerabilities	 among	 holders	 of	 carbon-intensive	
assets.	While	 there	 has	 been	 some	 progress	 towards	
improving	 transparency,	we	 are	 still	 a	 long	way	 from	
having	a	clear	understanding	of	how	individual	firms	and	
sectors	will	respond	to	such	stresses.	In	the	short-term,	
this	opacity	may	trigger	“fire	sales”	and	strains	on	the	
financial	system,	similar	to	the	experience	of	the	Global	
Financial	Crisis	in	2008.	The	credit	constraint	shock	is	
applied	for	2	years	in	all	countries	and	is	calibrated	to	
roughly	one-third	of	the	shock	experienced	during	the	
Global	Financial	Crisis.	This	magnitude	can	be	viewed	
as	relatively	conservative.	For	example,	Stiglitz	 (2021)	
warns	 that	 the	value	of	assets	 subject	 to	 repricing	as	
a	 result	of	 climate	change	and	climate	policy	 is	many	
times larger than the world’s asset base that was linked 
to	US	 subprime	mortgages	 in	2008.	A	more	nuanced	
scenario	could	be	developed	that	applies	different	credit	
constraints	 in	 different	 countries.	 For	 the	 purposes	
of	this	note,	we	make	the	simplifying	assumption	of	a	
common	 global	 tightening	 of	 credit	 conditions,	 given	
the	uncertainty	over	investor	exposures.	
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Monetary	 policy	 and	 fiscal	 policy	 are	 endogenous	 and	
follow	 the	 default	 rules	 in	 NiGEM.	 Under	 the	 default	
monetary	 policy	 rule,	 interest	 rates	 respond	 to	 shifts	
in	 inflation	 and	 nominal	 GDP	 growth.	 In	 this	 scenario,	
inflation	 is	 expected	 to	 rise	 while	 output	 is	 expected	
to	 fall.	 The	 interest	 rate	 response	 in	 each	 country	 will	
depend	on	the	country-specific	sensitivities	to	both,	with	
a	 trade-off	 between	 stabilising	 inflation	 and	 stabilising	

6	 NiGEM	does	not	by	default	model	an	endogenous	shift		in	energy	effi		ciency	in	response	to	an	energy	price	rise.

output.	The	default	fiscal	reaction	applies	a	solvency	rule	
to	 government	 finances,	which	 triggers	 an	 endogenous	
adjustment	in	the	income	tax	rate	when	the	fiscal	balance	
deviates	from	the	baseline	target.	Carbon	revenue	flows	
onto	 the	 fiscal	 balance,	 allowing	 income	 tax	 rates	 to	
decline	 in	most	countries.	However,	 the	scope	 to	do	so	
will	depend	on	the	fiscal	 impacts	of	the	deterioration	 in	
economic	activity.	

Figure 1 NiGEM	transmission	channels	of	a	carbon	price

Carbon price 
is set

Decline in demand 
for fossil fuels and 
shift in energy mix Global (pre-tax) price of 

fossil fuels decline

Government budget balance 
improves

Fiscal space 
created

Costs of 
production 

increase

Part of increase passes to 
consumer prices

Inflation rises, 
consumer 

spending declines

Remainder squeezes firm 
profits

Investment 
declines; potential 

output declines

Fiscal revenue 
generated

Energy input declines; 
potential output declines

Terms of trade 
effects

Source:	Holland	et	al.	(forthcoming)

3. Overview of shock transmission 
channels in NiGEM
Carbon price

In	this	Topical	Feature,	we	focus	on	an	explicit	carbon	tax	
that	has	the	potential	to	generate	government	revenue.	A	
carbon	tax	has	features	of	a	supply	shock	in	that	it	raises	
the	 cost	 of	 production,	 while	 the	 inflationary	 impacts	
reduce	demand.	The	tax	revenue	collected	improves	the	
government	 budget	 balance,	 creating	 fiscal	 space.	 By	
default,	fiscal	policy	 in	the	model	assumes	the	proceeds	
from	 the	 carbon	 tax	 are	 recycled	 back	 to	 households	
through	 taxes.	 However,	 the	 revenue	 can	 also	 be	 used	
to	 reduce	 debt,	 provide	 subsidies	 or	 transfers,	 or	 spent	
on	 investment.	 Figure	 1	 provides	 an	 overview	 of	 how	
a	 carbon	 price	 passes	 through	 the	 supply	 and	 demand	
channels	in	NiGEM.	

The	majority	of	global	CO2	emissions	stem	from	burning	
fossil	 fuels.	Therefore,	 a	 carbon	 tax	 has	 a	 direct	 impact	
on	 the	 cost	 of	 burning	 fossil	 fuels,	 shifting	 the	 relative	
costs	of	primary	fuel	sources	in	proportion	to	the	carbon	
emitted	by	each	 fuel.	This	 can	be	expected	 to	 trigger	 a	

decline	in	demand	for	carbon-heavy	fuels	such	as	coal	and	
oil.	Country-specific	adjustments	in	energy	consumption	
depend	 on	 a	 range	 of	 factors,	 including	 the	 energy	
intensity	of	production,	the	baseline	energy	mix	and	the	
flexibility	of	the	economy.	

The	carbon	price	will	 raise	 the	average	price	of	primary	
fuel	 inputs,	 even	 after	 allowing	 for	 the	 shift	 in	 energy	
mix.	As	a	result,	total	primary	fuel	consumption	declines,	
leading	to	a	fall	in	the	total	energy	input	into	the	economy.	
This	 permanently	 restricts	 productive	 capacity	 unless	
the	decline	in	primary	fuel	consumption	is	fully	offset	by	
energy	efficiency	gains.6 

The	 decline	 in	 demand	 for	 carbon-heavy	 fuels	 can	 also	
be	 expected	 to	 put	 downward	 pressure	 on	 the	 (pre-
tax)	price	of	 fossil	 fuels.	Countries	 that	continue	 to	 rely	
heavily	on	fossil	fuel	exports	will	suffer	a	significant	loss	in	
potential	export	revenue,	stemming	from	both	a	decline	
in	the	volume	of	demand	for	fossil	fuels	and	a	decline	in	
the	value	of	each	tonne	of	fossil	fuel	exported.	This	will	
deliver	 significant	 terms	 of	 trade	 losses	 for	 fossil	 fuel	
exporters,	acting	as	a	constraint	on	GDP	as	income	losses	
feed	into	lower	levels	of	domestic	demand.	
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Meanwhile,	 fossil	 fuel	 importers	benefit	 from	 the	 lower	
import	 price,	 which	 offsets	 some	 of	 the	 inflationary	
impacts	 of	 the	 carbon	 price	 itself.	 Many	 fossil	 fuel	
importers	 may	 also	 experience	 gains	 in	 their	 terms	 of	
trade	 as	 they	 transition	 towards	 a	 production	 structure	
that	 includes	 a	 greater	 share	 of	 domestically	 produced	
energy	from	renewable	sources.	The	magnitude	of	terms	
of	trade	shocks	experienced	in	each	country	will	depend	
on	factors	such	as	the	share	of	domestic	income	derived	
from	 fossil	 fuel	 exports,	 the	 flexibility	 of	 the	 exchange	
rate	regime,	and	the	capacity	for	and	speed	of	structural	
transition	 in	 the	 economy	 towards	 low-carbon	 industry	
and	domestically	produced	renewable	energy	sources.

The	change	 in	the	carbon	price	also	has	a	direct	 impact	
on	producer	 and	 consumer	 prices.	 In	NiGEM,	 the	 pass-
through	 to	 consumer	 price	 inflation	 is	 country-specific,	
based	 on	 the	 historical	 pass-through	 of	 other	 indirect	
taxes	 to	 consumer	 prices.	The	 remainder	 squeezes	 firm	
profits,	increasing	the	user	cost	of	capital	and	constraining	
investment,	 the	 accumulation	 of	 capital,	 and	 ultimately	
potential	output.	

Credit constraints 

To	capture	the	impact	of	strains	on	the	financial	system,	
stemming	from	heightened	financial	uncertainty	induced	
by	the	unexpected	rise	in	the	price	of	carbon,	the	scenario	
introduces	 a	 two-year	 rise	 in	 global	 credit	 constraints.	
This raises the costs of borrowing and constrains access 
to	finance,	driving	a	sharp	adjustment	in	investment.	The	
shock	 also	 has	 a	 significant	 impact	 on	 trade	 via	 global	
spillovers,	 given	 the	 high	 import	 content	 of	 investment	
goods	 in	 many	 large	 countries.	 Figure	 2	 illustrates	 the	
impact	on	private	sector	investment	in	selected	countries	
and	on	world	trade	in	response	to	a	temporary	global	rise	
in	credit	constraints.	

 
Figure 2 Impact	of	rise	in	credit	constraints	on	

investment	and	world	trade	aft	er	2	years
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We	calibrate	the	shock	so	that	the	impact	is	roughly	one-
third	of	the	size	of	the	shock	experienced	in	2008-2009.	
Investment	is	expected	to	decline	by	about	5	per	cent	in	
the	major	economies,	and	world	trade	to	decline	by	about	
1.5	per	cent.	

4. Simulation results
The scenario described below combines the two shocks 
described	in	section	2,	namely	a	$100	per	tonne	of	CO2	
rise	 in	 the	 carbon	 tax	 rate,	 plus	 a	 rise	 in	 global	 credit	
constraints	equivalent	to	roughly	one-third	of	the	shock	
experienced	 during	 the	 Global	 Financial	 Crisis.	 The	 tax	
is	permanent	and	 is	applied	uniformly	across	all	 regions	
and	countries	immediately.	The	carbon	tax	is	imposed	on	
each	fossil	fuel	(coal,	gas,	and	oil)	in	proportion	to	the	CO2	
that	is	emitted	when	burning	the	fuel	and	scaled	by	the	
energy	that	 is	produced	by	each	fuel	 (Dudley,	2019	and	
Vermeulen	et	al,	2018).	This	drives	a	post-tax	shift	in	the	
relative	price	of	different	energy	inputs.	Fossil	fuel	prices	
rise	 significantly	 relative	 to	 renewables,	 as	 illustrated	 in	
figure	3.	This	acts	as	a	fiscal	tightening	equivalent	to	1-2	
per	cent	of	GDP	in	most	OECD	countries,	and	considerably	
more	in	more	carbon	intensive	economies	such	as	Russia,	
South	Africa	and	India.	The	revenue	is	chanelled	back	into	
the	economy	via	income	tax	cuts,	offsetting	some	of	the	
immediate	impacts	on	GDP.	

A	$100	carbon	price	would	quadruple	the	post-tax	price	
of	coal	relative	to	renewable	energy.	The	prices	of	gas	and	
oil	would	rise	relative	to	renewables	by	60-70	per	cent.	

The	rise	in	the	cost	of	energy	drives	a	decline	in	aggregate	
energy	demand,	while	the	shift	in	relative	prices	delivers	a	
gradual	shift	in	the	composition	of	energy	demand,	away	
from	coal,	in	particular.

Figure 3 Impact	of	$100	carbon	tax	on	post-tax	fossil	
fuel	prices	relati	ve	to	renewables
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Figure 4 Impact	of	$100	carbon	tax	on	global	energy	
demand 
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Source:	NIGEM	simulati	on

Figure	 4	 illustrates	 the	 expected	 impact	 on	 total	 global	
energy	demand	by	fuel	type	over	the	next	20	years.	Total	
energy	demand	would	be	expected	to	decline	by	roughly	
15	 per	 cent	 relative	 to	 the	 baseline,	with	 coal	 demand	
falling	 by	 35	 per	 cent	 to	 deliver	 more	 than	 half	 of	 the	
decline.	We	 have	 introduced	 no	 explicit	 assumption	 on	
how	a	carbon	price	might	incentivise	investment	in	energy	
efficiency	 gains	 or	 renewable	 energy	 research,	 both	 of	
which	have	the	potential	to	partially	offset	the	modelled	
decline	in	effective	energy	input	illustrated	in	figure	4.	

The	decline	 in	energy	demand	puts	downward	pressure	
on	pre-tax	global	fossil	fuel	prices,	which	slightly	offsets	
the	post-tax	price	rise.	Figure	5	 illustrates	the	expected	
decline	 in	pre-tax	global	prices.	The	global	price	of	coal	
drops	by	about	twice	the	decline	in	the	price	of	gas.	This	
would	reduce	the	profitability	of	producing	coal	and	other	
fossil	 fuels	 for	 export,	 accelerating	 the	 shift	 away	 from	
coal	use.	In	the	short-term,	nominal	fossil	fuel	prices	can	
be	expected	to	rise	by	about	4	per	cent,	in	response	to	the	
rise	in	global	inflation	and	different	speeds	of	adjustment	
of	supply	and	demand	in	energy	markets.	

The	introduction	of	a	carbon	tax	temporarily	drives	inflation	
higher	in	all	countries	and	regions.	These	temporary	impacts	
dissipate	 after	 the	 first	 year	 in	most	 countries,	 although	
country	 specific	 effects	 depend	 on	 the	 historical	 degree	
of	inertia	in	inflation	expectations.	Figure	6	illustrates	the	
expected	impacts	on	inflation	in	selected	economies.

Figure 5 Impact	of	$100	carbon	price	on	world	pre-tax	
price	of	oil,	gas	and	coal	
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Figure 6 Impact	of	$100	carbon	tax	on	infl	ati	on	in	year	1	
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The	shock	is	more	inflationary	in	the	emerging	economies	
than	in	OECD	economies.	This	reflects	a	combination	of	
factors,	including	a	higher	energy	intensity	of	production	
-	especially	in	Russia	and	India,	a	higher	reliance	on	coal	
–	 especially	 in	 India	 and	 China,	 a	 strong	 pass-through	
of	 input	 prices	 to	 consumer	 prices	 and	 more	 weakly	
anchored	inflation	expectations.	A	sudden	rise	in	carbon	
tax	 of	 this	magnitude	 could	 push	 inflation	 up	 by	 nearly	
10	percentage	points	 in	Russia	but	would	add	 less	 than	
2	percentage	points	to	inflation	in	the	Euro	Area	and	the	
UK.	In	this	scenario,	we	assume	that	central	banks	react	
to	the	jump	in	inflation	by	raising	interest	rates.	If,	instead,	
the	central	banks	were	to	“look	through”	the	shock,	given	
the	 temporary	 nature	 of	 the	 shock,	 inflation	 would	 be	
expected	to	rise	by	more,	and	would	be	more	prolonged.	



National Institute Global Economic Outlook – Autumn 2021

 National Institute of Economic and Social Research 5

National Institute Global Economic Outlook – Autumn 2021

42 National Institute of Economic and Social Research

The	 expected	 impact	 on	 GDP	 in	 both	 the	 short-term	
and	 the	 long-term	 is	 illustrated	 for	 selected	 economies	
in	 figure	 7.	We	 distinguish	 the	 impacts	 attributable	 to	
the	 carbon	 tax	 itself	 from	 the	 credit	 constraint	 shocks,	
bearing	 in	 mind	 that	 the	 short-run	 credit	 constraint	
impacts	 may	 be	 significantly	 more	 severe	 if	 the	 shock	
were	to	trigger	a	full	blown	global	financial	crisis.	 In	the	
short-run,	GDP	would	be	expected	to	fall	by	1-2	per	cent	
in most countries, with a more significant decline in the 
energy	intensive	Russian	economy,	which	will	also	suffer	
sharp	terms	of	trade	losses.	

Figure 7 Impact	of	$100	carbon	tax	on	GDP	
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The	 key	 factors	 that	 distinguish	 the	 country-specific	
impacts	 in	 the	 long	 run	 include	 the	 energy	 intensity	 of	
production,	 the	 carbon	 intensity	 of	 the	 energy	mix	 and	
the	terms	of	trade	effects.	Impacts	in	the	UK	are	expected	
to	 be	 relatively	 modest	 compared	 to	 other	 countries,	
given	the	low	energy	intensity	of	the	production	structure	
and	 the	 low	use	of	 coal.	The	 impacts	 of	 terms	of	 trade	
are	 positive	 in	 countries	 such	 as	 Japan,	 China,	 and	 the	
Euro	Area,	which	are	heavily	 reliant	on	 imports	of	 fossil	
fuels offsetting some of the direct costs of the carbon 
tax.	 Potential	 output	 losses	 in	 India	 are	 expected	 to	 be	
particularly	high,	as	it	is	both	energy	intensive	and	heavily	
dependent	on	coal.	

5. Conclusion and fiscal caveats
In	 this	 Topical	 Feature,	 we	 explore	 the	 impact	 of	 a	
sudden	and	uniform	$100	carbon	 tax	 applied	 across	 all	
economies.	The	effective	oil	price	rises	by	around	70	per	
cent	on	impact,	coal	by	more	than	300	per	cent	and	gas	
by	60	per	cent.	The	rise	in	carbon	tax	is	accompanied	by	a	
temporary	rise	in	global	credit	constraints,	to	capture	the	
heightened	uncertainty	 triggered	by	 the	 sudden	 shift	 in	
asset	valuations.	The	shock	triggers	a	shift	in	the	energy	
mix	and	decline	in	CO2	emissions.	It	also	raises	production	
costs,	reduces	the	available	energy	input	into	production,	
generates	 fiscal	 revenue	 and	 impacts	 a	 country’s	 terms	
of	trade.	We	expect	a	transitory,	but	marked,	 impact	on	
inflation	and	a	decline	in	the	potential	output	of	all	major	
economies.	

In	general,	countries	that	have	a	higher	energy	 intensity	
of	output	and	those	that	consume	relatively	more	carbon	
intensive	 fuels	 are	 more	 vulnerable	 compared	 with	
countries	that	predominantly	use	gas	or	renewables.	For	
example,	Russia,	which	is	very	energy	intensive,	and	India,	
which	 continues	 to	 rely	 heavily	 on	 coal,	 are	particularly	
exposed	 to	 the	 energy	 transition	 and	 a	 rising	 price	 on	
carbon.

The	macroeconomic	policy	response	also	has	an	important	
role	to	play	that	is	not	fully	explored	in	this	short	note.	If	
central banks accommodate the shock, inflation would 
be	expected	to	rise	by	more	and	recede	more	slowly	that	
suggested	in	this	scenario,	but	the	initial	negative	impacts	
on	GDP	may	also	be	diminished.	McKibbin	et	al.	 (2018)	
and	 Holland	 et	 al.	 (2021)	 demonstrate	 that	 the	 fiscal	
response	 also	 has	 a	 significant	 impact	 on	 the	 scenario	
results.	 If	 all	 fiscal	 revenue	 generated	 from	 the	 carbon	
tax	were	channelled	into	productive	investment,	 instead	
of stabilising the fiscal balance through adjustments in 
income	 taxes,	 this	 would	 act	 as	 a	 short-term	 stimulus	
to	 demand	 and	 also	 raise	 potential	 outlook	 over	 the	
medium	 term.	 In	 some	 countries,	 this	 may	 even	 fully	
offset	the	negative	impact	of	the	carbon	tax	on	potential	
output.	There	are	many	other	fiscal	policy	strategies	that	
may	 be	 considered.	 For	 example,	 the	 government	 can	
surgically	target	the	more	vulnerable	sections	of	society	
through	 transfers	 or	 encourage	 companies	 to	 invest	 in	
green	technology	with	subsidies	and	adjustments	to	the	
corporation	tax	rules.	On	the	other	hand,	there	are	carbon	
pricing	options	 that	do	not	generate	any	 fiscal	 revenue.	
A	model	such	as	NiGEM	is	a	valuable	 tool	 for	exploring	
these	alternative	macroeconomic	policy	responses.
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