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Challenges


Computa9onal	expense	
IAV	models	can	be	expensive	to	run	
	
Infexibility	
To	accommodate	meteorological	projec9ons	by	different	ESMs,	or	use	
different	scenarios,	requires	re-running	models	
	
“Lock-in”	
All	results	downstream	of	IAV	models	are	ESM	x	IAV	model	specific,	raises	
the	obtain	more	generic	responses	



Start from IAMs’ economic representa(on of 
sectors

In	sector	𝑗	in	loca9on	𝑙	at	future	9me	period	​𝑡↑′ ,	output	(𝑄)	generated	from	
inputs	of	capital	(𝐾),	labor	(𝐿),	energy	(𝐸)	and	materials	(𝑀)	
	
​𝑄↓𝑗,𝑙, ​𝑡↑′  = ​𝐴↓𝑗,𝑙, ​𝑡↑′ ↑𝑄 ⋅𝐹[​𝐴↓𝑗,𝑙, ​𝑡↑′ ↑𝐾 ⋅ ​𝐾↓𝑗,𝑙, ​𝑡↑′  , ​𝐴↓𝑗,𝑙, ​𝑡↑′ ↑𝐿 ⋅ ​𝐿↓𝑗,𝑙, ​𝑡↑′  , ​𝐴↓𝑗,𝑙, ​
𝑡↑′ ↑𝐸 ⋅ ​𝐸↓𝑗,𝑙, ​𝑡↑′  , ​𝐴↓𝑗,𝑙, ​𝑡↑′ ↑𝑀 ⋅ ​𝑀↓𝑗,𝑙, ​𝑡↑′  ]	
	
𝐴s	are	associated	sector	x	input	x	loca9on-specific	produc9vity	parameters.	
For	example,	 ​𝐴↑𝜔 	may	be	set	=	1	in	some	baseline	future	without	climate	
change,	but	value	will	decline	below	1	with	adverse	impact	
	
Ini9al	challenge	is	figuring	out	what	inputs	in	a	par9cular	sector	are	affected	
in	what	ways	by	a	par9cular	category	of	impact	



Key step is to abstract from the details of the 
IAV model to characterize the

Focus	is	on	developing	reduced	form	representa9on	of	shocks	
	
Produc9vity	of	input	𝜔	is	the	impact	endpoint	of	interest,	and	can	be	
expressed	as	a	func9on	of	meteorological	forcing	variables—e.g.,	
temperature	(𝑇)	and	precipita9on	(𝑃)	
	
​𝐴↓𝑗,𝑡↑𝜔 = ​ℎ↓𝑗↑𝜔 [ ​𝑇↓𝑡 , ​𝑇↓𝑡−1 , ​𝑇↓𝑡−2 ,…;​𝑃↓𝑡 , ​𝑃↓𝑡−1 , ​𝑃↓𝑡−2 ,…;…]	
	
ℎ	is	a	response	func9on	representa9on	of	the	IAV	model,	which	is	what	
we	refer	to	as	an	emulator	



How to obtain ℎ[⋅]? (1)


Es9ma9on	phase	
This	has	been	the	purview	of	the	empirical	climate	change	economics	
literature	that	has	rapidly	been	developing	over	the	past	decade	
	
Main	methodological	contribu9on	is	cross-sec9on/9me-series	sta9s9cal	
model.	Given	observa9ons	of	impact	endpoints	𝑌	at	loca9ons	𝑙	over	
historical	9me	periods	𝑡,	
	
​𝑌↓𝑙,𝑡 = ​𝛼↓𝑙 +𝑔(𝑡)+Φ[​𝑇↓𝑙,𝑡 ;​𝜷↑𝑇 ]+Ψ[​𝑃↓𝑙,𝑡 ;​𝜷↑𝑃 ]+ ​𝜀↓𝑙,𝑡 	
	
where	Φ	and	Ψ	are	nonlinear	func9ons	of	temperature	and	precipita9on,	
parameterized	by	the	vectors	of	es9mated	coefficients	​𝜷↑𝑇 	and	 ​𝜷↑𝑃 	



How to obtain ℎ[⋅]? (2)


Projec9on	phase	
For	any	future	period	(with	a	changed	climate),	the	change	in	the	impact	
endpoint	due	to	pure	effect	of	a	shi\	in	the	climate	from	present-day	
average	is	the	difference	in	the	fi]ed	meteorological	response	component	
	
Δ​𝑌↓𝑙 = ​𝑌↓𝑙, ​𝑡↑′  − ​​𝑌 ↓𝑙 =Φ[​𝑇↓𝑙, ​𝑡↑′  ;​​𝜷 ↑𝑇 ]−Φ[​​𝑇 ↓𝑙 ;​​𝜷 ↑𝑇 ]+Ψ[​𝑃↓𝑙,𝑡 ;​​𝜷 ↑𝑃 ]
−Ψ[​​𝑃 ↓𝑙 ;​​𝜷 ↑𝑃 ]	
	
NB.	the	validity	of	this	approach	depends	on	how	well	the	func9on	𝑔(⋅)	in	
the	es9ma9on	phase	captures	the	effects	of	historical	adapta9on	
	
Imperfect	controls	lead	to	poten9al	contamina9on	of	Φ	and	Ψ	with	the	
effects	of	adapta9on,	in	which	case	shocks	may	understate	pure	climate	
impact	response	
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ℎ ~ agricultural supply

𝑌 =	yields,	𝑇	and	𝑃	taken	from	ISIMIP	fast	track	archive,	
annually	for	1972-2099	

	

Control	for	CO2	fer9liza9on	effect	by	using	constant-CO2	runs	

	

Implemented	as	piecewise	linear	func9ons	using	counts	of	
days	in	different	T	and	P	ranges	over	a	fixed	annual	growing	
season	

	

		 ​log ⁠​𝑌↓𝑙,𝑡  = ​𝛼↓𝑙 + ​𝜏↓𝑡 


+ ​Σ↓𝜅 ​𝛽↓𝜅↑𝑇 ​𝒩↓𝜅 [​𝑇↓𝑙,𝑡  ]+ ​Σ↓𝜆 ​𝛽↓𝜆↑𝑃 ​𝒩↓𝜆 [​𝑃↓𝑙,𝑡 ]+ ​𝜀↓𝑙,𝑡 	

	

Ques9on	whether	​Δlog⁠​𝑌↓𝑙,𝑡  	should	be	implemented	in	IAMs	
as	a	neutral	technology	shock	( ​𝐴↑𝑄 )	versus	a	shock	to	land	
produc9vity	( ​𝐴↑𝐿𝑎𝑛𝑑 )	 Mistry,	De	Cian	and	Sue	Wing,	in	prep.	



Coffey	and	Sue	Wing,	in	prep.	

ℎ ~ electricity demand
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Coffey	and	Sue	Wing,	in	prep.	


