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W E A T H E R 
T H E 
S T O R M

 Infrastructure 
projects can 
cushion the 

blow of extreme 
weather events—if 

project managers 
can navigate the 
uncertainty of a 

changing climate.  W 
hether it’s caused by drought-
induced fire, rising floodwaters 
or the crushing weight of mas-
sive snowfall, extreme weather 
events are putting stress on coun-

tries around the globe. Governments are working 
urgently to mitigate the economic risks associated 
with global climate change—and with good reason. 
By 2050, the World Bank estimates that adapting to 
an average global temperature increase of 2 degrees 
Celsius will cost between US$70 billion and US$100 
billion per year. 

Countries are responding by increasing their sup-
port for climate resiliency projects that aim to bol-
ster infrastructure and protect communities from 
natural disasters. In developing countries in par-
ticular, institutions such as the World Bank often 
finance these initiatives. Over the past five years, the 
World Bank has spent US$30.3 billion on 330 trans-
portation projects, with more than one-quarter of 
those projects—such as mass-transit initiatives—
intended to deliver climate change benefits. 

One of the fundamental challenges for any cli-
mate resiliency project involves managing the 
uncertainty around how climate change will impact 
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Those tactics have worked for Mr. Dion on a 
major flood protection and revitalization project for 
southern Ontario’s lower Don River. Construction 
on the estimated CA$1 billion project is expected 
to commence in 2017, with a target completion 
date of 2023. The engineering design features a new 
multi-outlet valley system—including new channels 
and modification to existing infrastructure—built 
to protect the region from a flood event equivalent 
to the size of Hurricane Hazel, a 1954 storm that 
caused over US$1 billion in damage in Canada.

“In our hydraulic model, we applied the intensity 
of rainfall from the 1954 storm as the maximum 
expected rainfall event. But it’s not going to rain 
with that intensity everywhere during a hurricane,” 
says Mr. Dion. “We included some uncertainty to 
account for the effects of climate change by adding 
another half meter of elevation in building up the 
[constructed valley walls] of our flood protection 
system. That ensures capacity in the event we have 
more frequent and larger hurricanes in the future.”

Project managers also must be ready to course-
correct when the assumptions that informed their 
requirements are proven wrong, says Darren Suen, 
PMP, chief of FloodSafe information and advocacy 
branch, division of flood management, California 
Department of Water Resources in Sacramento, 
California, USA.

“In a typical project you’re managing from a rela-
tively static environment. But with climate change, 
it’s an evolving science,” he says. “The outcome isn’t 
finite; it’s based on the best available data.”

In this type of fluid environment, Mr. Dion 
leans on adaptive management techniques. He 
builds mechanisms into the various phases of a 
project that allow for modifications under chang-
ing circumstances, thereby increasing the overall 
project’s flexibility. 

As part of the flood protection design for the 
Don Mouth Naturalization and Port Lands Flood 

a specific locale, says Andrew Losos, transport spe-
cialist at the World Bank in Washington, D.C., USA. 

“The question is: How do you plan for the future, 
when we know there will be an overall increase in 
global temperature and intense storms, but it is 
hard to predict precisely what will happen to any 
individual country?” 

WINDS OF CHANGE
Under these conditions, project managers must 
plan for a wider range of possible outcomes, says 
Mr. Losos. For instance, where a project to con-
struct a highway might typically design its struc-
tures to withstand a 100-year statistical flood, 
project managers might now need to prepare for 
even greater variability. 

“Most projects are designed to meet objectives 
based on the most likely climate scenario, but that 
does not work when you’re dealing with climate 
change—there’s too much risk involved,” says Mr. 
Losos. “You may end up building expensive infra-
structure that may not be economical to operate 
over its capital life span because of climate impacts.”

To mitigate these risks, project managers should 
vigilantly validate their model’s assumptions—and 
build in some leeway to absorb unexpected change, 
says Kenneth M. Dion, senior manager of special 
projects at the Toronto and Region Conservation 
Authority (TRCA) in Toronto, Ontario, Canada. 

“Most projects 
are designed 

to meet 
objectives 

based on 
the most 

likely climate 
scenario, but 
that doesn’t 
work when 

you’re dealing 
with climate 
change—too 

much risk 
involved.” 

—Andrew Losos, World Bank, 
Washington, D.C., USA 

Rendering of a major flood protection 
and revitalization project for southern 

Ontario’s lower Don River
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Protection project, for example, TRCA is proposing 
to install an inflatable weir (a barrier that alters the 
river’s natural flow) near the mouth of the river to 
control the direction of flow of water into the vari-
ous river outlets before it enters Lake Ontario. 

“If we turn off the power pumps, the weir drops 
in and we can divert more of the water into the 
hardened areas such as the channel with hardened 
dockwalls. It’s a strong tool to control a flood event 
so that the water is not concentrated in any of the 
three valley outlets,” says Mr. Dion. 

PATTERNS IN CHAOS
Analyzing risks and studying the right data can help 
governments identify which projects to prioritize—
and help project managers prepare for the chal-
lenges they could encounter. In subtropical regions, 
for instance, climate change is causing dramatic 
variability in the water cycle. Both monsoons and 
drought seasons are becoming more intense, which 
creates a significant infrastructure challenge in the 
region, says Ghulam Murtaza, drainage engineer, 
Mouchel Middle East, Riyadh, Saudi Arabia. 

Mr. Murtaza recently worked on a project to 
study the impact of climate change on the water 
resources of Bhutan. The study found that between 
2015 and 2030, the variability of the water cycle 
would increase, on average, by 15 percent to 20 
percent—and by 2090 that variability will rise 
as high as 35 percent. That’s bad news for the 
country’s aging infrastructure.

“Bhutan is flooding,” he says. “Roads, rail-
ways, bridges, dams and other infrastructure 
did not account for this factor in their exist-
ing design structures.”   

Between 2010 and 2015, flooding in Paki-
stan also has become more severe. Yet, 
because there are no mechanisms in place 
to store water, drought periods also are 
causing greater devastation, especially given 
the population’s heavy economic reliance on 

THE COSTS OF 
CLIMATE CHANGE
Climate-related losses and damage are driving 
the need for climate-resiliency projects around 
the globe.

GLOBAL 
n Over the past 10 years, climate-related 
disasters, including storms, floods and drought, 
caused US$1.4 trillion in damage, according 
to the United Nations Office for Disaster Risk 
Reduction (UNISDR).

n In 2014, 900 weather-related events caused 
US$100 billion in loss and damage, according 
to UNISDR. Of that damage, 60 percent  
occurred in developing nations. 

EUROPE
n Extreme river floods that now occur every 
100 years will become twice as likely over the 
next 30 years, according to scientists from the 
European Commission’s Joint Research Center. 
Climate-related damage to land, property and 
people across the continent are expected to 
increase by an average of 200 percent by the 
end of the century.

UNITED STATES
n Drought conditions persisted through all of 
2015 across several Western U.S. states. The 
lack of rainfall devastated farmland and encour-
aged wildfire conditions—and cost US$1 billion 
in 2015, according to The National Oceanic and 
Atmospheric Administration.

LATIN AMERICA AND THE CARIBBEAN
n The economic costs of climate change are 
projected to sap between 1.5 percent and 5 
percent of the region’s GDP by 2050. 

SOUTHEAST ASIA
n The potential economic impact of annual 
floods in the region is on the rise, according 
to the World Resources Institute. By 2030, 
US$215 billion in GDP could be exposed annu-
ally, an increase of more than US$193 billion.

“In a typical 
project you’re 
managing 
from a 
relatively static 
environment. 
But with 
climate change, 
it’s an evolving 
science.”
—Darren Suen, PMP, California 
Department of Water 
Resources, Sacramento, 
California, USA
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agriculture. To help communities cope with these 
environmental changes, Pakistan is investigating 
infrastructure initiatives that will allow storm water 
to be harnessed and used year-round.

“Projects are needed to store water and also to 
control floodwaters,” Mr. Murtaza says. “But these 
projects are very long and take time, more than 10 
or 15 years. They are in the initial stages.”  

A HUMAN SOLUTION
Typically, climate change projects need to build 
consensus among several disparate and powerful 
constituencies. In California, for example, a pro-
gram is underway to expand the Yolo Bypass in the 
Sacramento River Basin. The flood-control system 
is comprised of levees, weirs and a natural bypass 
near densely populated areas, leading to significant 
challenges in obtaining alignment among a large 
number of influential stakeholders, says Mr. Suen.

“There are perceived impacts to the ecosystem 
and recreation and farmland,” says Mr. Suen. “You 
have residents, farmers and people in charge of land 
reclamation districts responsible for maintaining the 
weir and levee system. On the government side, local 
agencies all have specific projects they’d like to get 
done, while at the state level, we’re trying to imple-
ment a systemwide resiliency program for climate 
change and resulting extreme weather events.”

To achieve objectives, Mr. Suen has adopted a 
policy of “early and often” communication with 
his stakeholders. Getting a head start on a basis of 
understanding helps build trust with stakeholders, 
he says. It’s best to start with working-level stake-
holders, then proceed up the chain of command, 
building momentum for consensus along the way.

“When you’re proposing to change an environ-
ment that people live in every day, you have to 
be transparent in your decision-making,” he says. 
“Clear and consistent communication establishes 
trust in the expertise of the organization.”

Some infrastructure projects need to go beyond 
getting buy-in to inspiring community participa-
tion. For instance, a water management project in 
Pakistan requires communities to harvest rainwater 

UNCHARTED  
WATERS
On 29 October 2012, Hurricane Sandy flooded 
the underground tunnels of one of the busiest 
subway lines in New York, New York, USA with 
over 27 million gallons (102 million liters) 
of saltwater. Restoration of the badly dam-
aged Montague Tunnel, which connects Lower 
Manhattan and Brooklyn via the R train, was 
completed one month ahead of schedule in 
September 2014. It was a complex project that 
included extensive demolition and the installa-
tion of miles of new concrete duct banks, new 
track work, electrical and communication sys-
tems, signaling devices and mechanical pumps.

Like other major U.S. cities, New York’s tran-
sit system was ill-equipped to handle Sandy’s 
deadly 14-foot (4.3-meter) storm surges. 
Many of its tunnels were built in the early 20th 
century and included duct banks made from 
terra cotta, which easily erodes during a flood. 
When local officials looked across the globe for 
comparative solutions, they found themselves 
in unknown territory.

“We did a worldwide search to see how other 
major cities manage their flood mitigation issues 
and concluded there were no existing solu-
tions that could be implemented in our system 
without a major redesign,” says John O’Grady, 
who has overseen more than US$4 billion in 
post-Sandy resiliency projects as head of capital 
program management for the Metropolitan 
Transportation Authority (MTA) in New York. 

As part of its contract with the MTA, Dela-
ware-based manufacturer ILC Dover introduced 
a Flex-Gate system—a large sheet of water-
proof fabric that can be deployed and retracted 
in minutes—and is testing a new inflatable 
“plug” to protect 23 subway entrances from 
floodwaters of varying heights. 

“We worked with many vendors, innovators 
and engineering firms to develop flood mitiga-
tion devices and solutions to fit our transit 
infrastructure environment,” Mr. O’Grady says.

“We did a 
worldwide 

search to see 
how other 

major cities 
manage their 

flood mitigation 
issues and 
concluded 

there were 
no existing 

solutions 
that could be 

implemented.”
—John O’Grady, Metropolitan 

Transportation Authority, 
New York, New York, USA 
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they can use to water gardens, wash cars and clean 
their homes, Mr. Murtaza says.  

“To restore the water source at the basin level, I 
think the most important thing is getting the com-
munity involved,” he says. “Most communities are 
not educated, so the loss of water is very high.”

To inspire people to change their behavior, the 
Pakistani government has launched educational 
programs that outline easy ways families and com-
munities can install water-harvesting tanks on roof-

tops and in parking lots, where large amounts of 
runo�  are wasted. Municipal governments also are 
requiring new homes to include rainwater tanks in 
their master plans.

“� e size of the tank varies according to the size 
of the plots,” Mr. Murtaza says. “But if the tank is 
missing, the � nal plan is not approved.”

Getting this level of participation requires speak-
ing to people in ways they can understand. Several 
times during the recently completed  environmental 
assessment portion of the Don Mouth project, Mr. 
Dion’s team was challenged ahead of public meet-
ings to “tone down” the technical language in their 
presentations. � at resulted in a net positive for the 
project, he says.

“We were continuously changing the wording of 
our documentation in our newsletters, web content, 
handouts, display boards and presentation slides,” 
recalls Mr. Dion. “We responded to public input, 
incorporated that input into the study and provided 
detailed consideration for those items. � e fact that 
we gave a detailed look at the implications of these 
options aided us in gaining our very high level of 
public support for the project.” PM

“We responded 
to public input, 

incorporated that 
input into the study 

and provided detailed 
consideration for 

those items.”
—Kenneth M. Dion

“When you’re 
proposing to change 
an environment that 

people live in every 
day, you have to be 
transparent in your 

decision-making.”
—Darren Suen, PMP
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