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Objectives

• Introduce analytical tools for 

attracting finance toward resilience

• Practice several situations

• Have an interactive discussion 

Harvard Business School Case 

Method style

• (This is not a lecture: YOU are the 

leaders)

• Draw out your experience

Agenda

• Context

• Mary, Nancy, and The Bank

• Investing in Resilience

• Probability, Expected Value, When 

to do what?  - Techniques

• Sources of Funds; Techniques

• Revisit Sources Toolkit; discuss
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Investing in Resilience
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Mexico Beach, Florida, Oct 10th, 2018 (AP)
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March 28, 2019
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Santa Rosa, CA Wildfires 2018 (AP)
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Exxon Boston

Boston
March 30, 2019

Dismissing the risks of climate 
change didn’t turn out to be as easy 
as Exxon-Mobil lawyers had hoped.

CLF’s lawsuit, A lawsuit filed by the 
Conservation Law Foundation… 
among other things, accuses Exxon 
of failing to adequately protect the 
property from potential floods 
caused by storms and rising sea 
waters that could sweep pollutants 
off the site. 

The closely-watched lawsuit could 
have ripple effects that influence 
the broader oil industry and how it 
prepares for future storms.

https://www.clf.org/wp-content/uploads/2019/03/CLF-Amended-Complaint.pdf
https://www.clf.org/making-an-impact/exxonmobil/


Consider a simple setup: Small shop owner 

whose building is self insured. 

Bank which retains mortgages.

• Mary thinks her building is worth 

$600,000 (mortgage = $500,000)

• One year probability of event that 

destroys it = 1% (1/100)

• Redrawn Base Flood Elevations 

(BFE) indicate much higher exposure 

than was previously believed…

• Now that probability is 5% (1/20)

• On EV and NPV basis, this means 

she is now in violation of LTV clause. 

• Should Mary move, sell, “harden” the 

building, or do nothing?

• Hardening costs $50,000 for 100% 

certainty
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• Nancy’s bank holds the 

mortgage on Mary’s store 

building

• Mary is now violation of BFE 

rider… and also LTV covenant 

on an EV NPV basis (no 

insurance in this simple story).

• Should Nancy foreclose?

• When Mary’s note comes due 

in two years, should Nancy 

refinance? With what terms? 

• OR should Nancy’s bank offer 

a new financial product that 

loans Mary the $50,000 for 

resilience work? 



What would cash flow look like for an 

investment in “resilience?”
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Investing in Resilience: “Compared to what other choice?”

Think of “vulnerable” cash flows in three simple scenarios: 

A) baseline, B)  unprotected, and C) with “investment in resilience.”
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But…

Cost. Uncertainty. Time.
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We don’t know the future.  

Everything (in resilience finance) is a matter of probabilities.

There are many scenarios, and they vary by location.
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From ULI Boston Living with Water: Projections of sea level rise from 

2010 to 2100,based on US National Climate Assessment 2012.7

p = 

unknown

t = unknown

h = 

investment 

horizon



Think like an insurance company.  

“What might happen and how bad could it be?”

13



For example, would a more resilient design: 

a) reduce the amount of the loss and/or 

b) reduce the probability of loss?  

Would investors be attracted to a less 

vulnerable asset if the incremental 

investments and outcomes were 

expressed monetarily?

Can the favorable cash flow stream related 

to avoided cost be monetized? 

Can these be done asset by asset (cash 

flow by cash flow)?    

Should/will rating agencies look at climate 

vulnerability in addition to debt service 

coverage ratio and loan to value ratio?   
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What if “we” could calculate benefit/cost ratio, and 

when to invest to shift the exceedance curve?

P

L



…an exceedance curve can be generated for 

any of the points on the IPCC sea level rise 

curve and any location.  
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Using climate models… 



….three waste treatment plants in Miami.  

These plants also are facing a required 

environmental upgrade. Should they be 

reinforced, moved, or nothing?
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Example of…



Three plants all have need 

for environmental upgrades 

in the billions of $$ even 

before considering possible 

flooding.

Good money after bad to do 

the upgrades in situ?

Move all three inland where 

not exposed, and also do 

the upgrades?  Also a 

several billion $$ choice.
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Illustrative Infrastructure:  Miami, FL

Virginia Key WWTF is one of three plants in question
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Baseline Capex assumptions (engineering) and 

potential losses (recovery costs) (economics)
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Probabilities for one point on an illustrative 

probability curve 
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Three engineering and investment choices.

One year expected value of each choice

(We are looking for low expected values, these are costs)

What should Mayor Giminez do?
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Same three engineering and investment choices to make today.

MULTI-year expected value of each choice.

(We are looking for low expected values, these are costs)

What should Mayor Giminez do?
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What if:

Probability of an event goes up (IPCC curve)

Cost of the resilience investment goes down (clever engineering)

Now what should Mayor Giminez do?

Was 2.0%

Was 10.0



Downtown Miami Waterfront

CITY OF MIAMI, FLORIDA

ULI ADVISORY SERVICES 

JUNE 7, 2019



Design Introduction

▪ What does resilient mean in a design context? 
Resilience is complex, contradictory, it evolves over 
time. There’s no one single answer.

▪ One Waterfront. The panel’s goal for the Bay Walk 
and River Walk is to develop a cohesive strategy to 
address the different needs of these two distinct 
stretches of waterfront. 

▪ Resilient design knows no boundaries. The waterfront 
isn’t the only place where design matters for a 
resilient city. The high ground also plays a critical role.
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But what about investment choices, probabilities, time 
frame, and range of damage impacts?

In this illustration, there are three 
courses of action with respect to 
investing in resilience:

1. Do nothing

2. Invest at one level

(in the order of magnitude of 
$50-100 million for the level of 
protection indicated in the 
Baywalk design

3. Invest at a higher level 

(in the order of magnitude of 
$500 million to $1billion in 
robust defenses like a tidal 
gate at the river and high wing 
walls). 

(For all of these investments there are 
multiple sources of funds ranging from 
USACE to city to private landowners to 
philanthropy, as will be presented 
subsequently).

Source: MDDA, courtesy Southeast Florida 
Regional Climate Change Compact



Illustration of a 
probability - adjusted 
model of three 
investment levels 
and three types of 
floods/storms.   



Downtown Miami:
Illustration of a probability - adjusted model of three 
investment levels and three types of floods/storms.  



Underpinning:   The Weather and the Losses
(supporting the prior slide)

What could happen?

For the sake of argument, assume for 
simplicity that three basic weather scenarios 
could unfold over the next 25 years:

▪ No important weather events

▪ A series of king tides, rain bombs, low grade 
hurricanes

▪ A big hurricane during a king tide

These all have different probabilities of 
occurring.

What would the damages be for each investment choice 
in each storm situation?

Economic costs from uninsured losses would include 
direct costs of rebuilding, indirect costs of being 
out of business or displaced from home, and human 
costs like job loss and public health problems. The 
vulnerability is largely inland along the Miami River.  
These impacts are hard to gauge but for a big hurricane 
during a king tide, history shows that uninsured losses 
could be in these ranges: 

Investment 1 (nothing), these would be huge -
probably on the order of $5 -7 billion in the study 
area. Consider the market values and economic values 
discussed above; this is a big deal and the exposure is 
real.

Investment 2 (something) these would still be huge.

Investment 3 (robust), there is a high level of 
protection and uninsured losses would be much less.
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Outside forces 1:
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Outside forces 2:



Revisit Toolkit items: Sources of funds?
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Also consider:

• Property rights

• Protection of the public

• Race

• Class

• Prevention: How implement? 

Everyone knows it’s cheaper than 

recovery after.

• What is present value of a future loss 

event that might or might not occur?

• Market pricing, market failures

• Socialized costs (who pays when 

“the government” pays)?

Primary Choices in Policy and for Businesses, Investors, and Citizens   

= ∫ (demographics, geography, engineering, economic value)

1. Rebuild 

Funding: Insurance, Government, Self?

2. Reinforce (Hardening)

Equity, Debt, PPP  < Investable

3. Rebound (bounce back)

Equity, Debt, PPP  < Investable

1. Restrict

You can’t live here…(because “we” know better…)

(? So what is my asset worth now?)

2. Retreat  

Voluntary, orderly, compensated  < Investable

Forced, involuntary, unplanned, unfunded

3. Nothing (by far the main strategy at present)
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Coastal Flooding & Storms: Vulnerability and Resilience

Taxonomy

Oct 12, 2018 jmacomber@hbs.edu



Prof. John Macomber

www.hbs.edu/jmacomber

jmacomber@hbs.edu
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http://www.hbs.edu/jmacomber
mailto:jmacomber@hbs.edu
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