
• Our	final	report	as	well	as	all	the	data	are	accessible	on	Amazon	Web	
Services:	
https://www.amazon.com/clouddrive/folder/mBhUGphVS72wZBcAa
W6qnQ?_encoding=UTF8&mgh=1&ref_=nav_Photos_Files&sf=1
• A	link	from	our	website	to	the	data	will	also	be	available
• Links	to	the	apps	will	also	be	posted

General	considerations	regarding	availability
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Choose:
event	of	interest	:	e.g.	30-day	precipitation	event
return-level	of	interest:	e.g.	10	years,	100	years

Compute the	yearly	extremum	time	
series	at	every	location
Identify the	percentile	threshold	for	
the	return	period	of	interest

Weight each	event	with	a	damage	
function
Compute the	time	series	of	weighted	
exceedances	at	the	portfolio	level

Identify events	of	interest:	all	
exceedances	of	the	percentile	
threshold	for	all	days	in	the	record	
at	each	location	

Compute VaR and	CVaR-like	
measures	to	rank	portfolios

LOW	PROBABILITY	/	
HIGH	IMPACT	EVENTS Exposure	to	Climate	Risk	- App



For	a	given	event	duration	d,	and	return-level	p,	the	process	is	the	following:
- compute	local	yearly	maxima	and	find	the	local	threshold	based	on	p,
- for	each	site	i,	obtain

𝑛",$ 𝑝, 𝑑 	and	𝐿, 𝑝, 𝑑 = 𝐶 𝑝, 𝑑 𝑉, + 𝐷 𝑝, 𝑑 𝐹,,
- define	portfolio	exposure	as	𝑆4 𝑝, 𝑑 = 	∑ 𝐿,(𝑝, 𝑑)	𝑛,,4(𝑝, 𝑑)		�

, or	
𝑅$ 𝑝, 𝑑 = 	 :; <,=∑ >?		�

?
- compute	VaRq-like	measure	using	quantile(𝑅$ 𝑝, 𝑑 ,	q)
- compute	CVaRq-like	measure	using	trapezoidal	approximation:

𝐶𝑉𝑅@ 𝑝, 𝑑 = A
(ABC)(DEA)

	 FG <,= EFH <,=
I

+ ∑ 𝑅J 𝑝, 𝑑KBA
JL@EA
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• Mine	level	water	use	in	Cu	and	Au,	Water	development	&	water/	
wastewater	treatment	costs	for	mines
• Global	gridded	climate	data	=100+	years
• Tailing	dam	attributes,	satellite	imagery,		dam	failure	attributes
• Social	conflict	and	related	covariates	for	Peru	&	Mexico
• Mining	production,	ambient	water	quality	time	series	for	Peru,	USA
• Remediation	cost	estimate	reports	over	time	for	mines
• Financial	reporting	and	valuation	data	for	mines	from	market	research
• “Water	Risk”	indices	from	Aqueduct
• Water	related	mining	regulations	for	comparative	analysis	across	countries
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Datasets	Compiled	and	Available



Real	Options	Valuation	App
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Real	Options	Valuation	App
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An	Example:	Antamina

• Large	open	pit	copper	mines	in	Peru
• Owned	by	a	consortium	of	major	companies
• About	400	kt of	copper	per	yr
• Tailings	dam	is	230m	tall	(one	of	the	highest	rock-filled	dams)
• Highly	acidic	due	to	high	concentration	of	sulfites

Real	Options	Valuation	App

15



Additional	Parameters
Real	Options	Valuation	App
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An	Example:	Antamina
Real	Options	Valuation	App
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Real	Options	Valuation	App
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Another	Approach	for	Using	the	App
• Input:	

• A)	basic	characteristics	of	the	mine	(such	as	its	location,	type	of	mine,	age,	
production	cost,	etc.)

• B)	market	information	such	as	spot	price,	interest	rates

• C)	a	few	representatives	examples	of	“accurate”	valuations	of	mines

• Outputs	an	interval	[V_min,	NO_Shocks]:	
• If	market	price	is	smaller	than	V_min.	Then,	market	is	underpricing	shocks.

• If	market	price	is	larger	than	NO_Shocks.	Then,	market	is	overpricing	shocks.	

Real	Options	Valuation	App
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