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Population 20,153,634 (U.S. Census Bureau,

(Metropolitan Region) 2016)

Area (Metropolitan 17,319 km2 (U.S. Census Bureau,

Region) 2010)

Income per capita US$56,180 (World Bank, 2017)

Climate zone Dfa – Cold, without dry season, hot  

summer (Peel et al., 2007)

On October 29, 2012, Hurricane Sandy imposed approx- imately

US$5 billion of losses on the New York State Metropolitan

Transportation Authority’s (MTA’s) infrastructure (Blake et al., 2013;

MTA, 2013) (see Case Study 13.1 Figure 1). These damages

occurred despite a well-prepared adaptation planning process. In

the decade leading up to Hurricane Sandy, the MTA had

undergone a review of its emergency response sys- tems, had

upgraded its pumping and sewage infrastructure, and had

commissioned storm and climate adaptation committees. In the

days leading up to the storm, the MTA implemented its hurri- cane

plan, activated its Incident Command Center and Situation Room,

and responded to the immediate impact of the storm via direct

response and in collaboration with federal, state, and local

agencies.

Case Study 13.1 Figure 1 Map of Hurricane Sandy inundation area and MTA New York Transit routes.

Source: Spatiality, FEMA Modeling Task Force(MOTF)
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Case Study 13.1 Figure 2 Example of subway service updates posted on November 1, 2012, on the MTA website and distributed to all major news outlets. Subway  

routes represented in brighter colors remained functional; the lighter colors represent parts of the network that were out of service.

Source: Metropolitan Transportation Authority (used withpermission)
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The MTA is the largest public transportation provider in the Western

Hemisphere, with infrastructure valued at more than US$1 trillion

dollars. The Authority serves a 13,000 square kilometer metropol-

itan region with an average weekday ridership of 8.7 million (MTA,

2014).

Prior to 2012, the MTA had begun preparing for extreme climate

events – prompted by two intense precipitation events in 2004 and

2007. In response to the 2004 storm, which delivered 2 inches of

rain per hour and resulted in 1,156 subway train cancellations, the

MTA authorized an Inspector General investigation and formed an

MTA Board Task Force (MTA, 2006; MTA, 2007; Kaufman, 2012).

The 2007 storm, which delivered 3.5 inches of rain in one morning,

prompted the MTA to form an official Storm Task Force and issue

the August 8, 2007 Storm Report (MTA, 2007). Additionally, in the

fall of 2007, the MTA convened the Blue Ribbon Commission on

Sustainability with a dedicated Climate Adaptation Working Group

tasked with developing near-term strategies as well as long-range

climate adaptation recommendations (Jacob et al., 2008; MTA,

2009).Findings from these committees included inadequacies in

stormwater drainage systems, shortcomings in internal organi-

zational communication, and the need for increased capacity to

provide public service alerts. The findings led to an analysis of

flood-prone stations, upgrades to valves for pumping water and

preventing sewage backflow, installation of Doppler radar access

throughout the network, embankment stabilization, elevation of 30

subway station exits, retrofits of 1,500 ventilation grates, and the

recalibration of the MTA’s hurricane plan. The experience and

lessons from these prior climate events led the MTA to initiate its

first-ever transit service suspension prior to Hurricane Irene in

2011 (Kaufman et al., 2012).

In 2012, three days prior to Hurricane Sandy’s landfall, the MTA  

activated its hurricane plan. One day before the storm, the MTA

began suspending service system-wide on subways, buses, and

the commuter rail systems for the second time in its history. The

Authority implemented hurricane and flood preparedness mea-

sures across the network. These actions included the pre-deploy-

ment of mobile pumping units, the covering of ventilation grates

and subway entrances, the relocation of vehicles and rolling stock

to higher ground, and the removal of signal and control systems

from tunnels expected to be flooded. Removal of equipment pre-

vented saltwater damage, allowed for a swifter resumption of

subway service, and decreased the duration of bridge and tunnel

closures. The adaptation response policy and procedures detailed

in the hurricane plan outlined specific responsibilities for MTA offi-

cials and strategies for deployment of personnel and equipment.

The plan also included communication protocols between internal

agencies and between MTA officials and local, state, and federal

agencies, as well as with news and media agencies (Coyle, 2014;

MTA, 2013).

Adaptation policy measures and procedures reduced damage to

the urban transit systems, enhanced passenger and personnel

safety, and minimized the duration of service disruption, allowing

the MTA to reinstate service shortly after the storm. By November

3, 2012, 80% of the 108-year-old subway system was operational

(see Case Study 13.1 Figure 2). The rest of the MTA system was

fully operational by November 16, 2012 (Kaufman et al., 2012).

Despite having these adaptation protocols in place, major por- tions

of the networks, including nine under-river subway tubes, two

vehicular tunnels, and critical transit hubs such as South Ferry

Station, were inundated with saltwater and suffered severe dam-

age. The Montague Tube, connecting the Boroughs of Manhattan

and Brooklyn, did not reopen until September 2014, and the pro-

cess of restoring the network to its pre-Sandy condition will take

years (MTA, n.d.). For additional information on the MTA’s recovery,

see Zimmerman (2014).

Case Study References

Blake, S., Kimberlain, B., Berg, J., Cangialosi P., and Beven, L. (2013).

Tropical cyclone report, Hurricane Sandy (AL182012). Accessed:

http://www.nhc.noaa.gov/data/tcr/AL182012_Sandy.pdf

Coyle, D. C. (2014). MTA Headquarters, personal communication, August

4, 2014.

Jacob, K., Gornitz, V., Horton, R., Major, D., and Rosenzweig, C. (2008).

MTA adaptation to climate change: A categorical impera-tive.

Accessed:

http://web.mta.info/sustainability/pdf/Jacob_et%20al_MTA_Adaptatio

n_Final_0309.pdf

Kaufman, S., Quing, C., Levenson, N., and Hansen, M. (2012). Rudin

Center for Transportation. NYU Wagner Graduate School of Public

Services. Accessed: http://wagner.nyu.edu/files/rudincenter/sandy-

transportation.pdf

Metropolitan Transportation Authority, Office of the Inspector General.

(2006). Subway flooding during heavy rainstorms: Prevention and

emergency response. MTA/OIG #2005-64, February 2006.

MetropolitanTransportation Authority. (2007).August 8, 2007 storm report.

Accessed: http://web.mta.info/mta/pdf/storm_report_2007.pdf 

Metropolitan   Transportation  Authority.   (2009).   Greening   mass transit

and metro regions: The final report of the blue ribbon commission on

sustainability and the MTA. Accessed: http://web.mta.info/

sustainability/pdf/SustRptFinal.pdf

Metropolitan Transportation Authority. (2013). Capital program 20 year needs

letter. Accessed: http://web.mta.info/mta/news/books/docs/Capital-

Program-20-Year-Needs_Letter-from-Chairman-Prendergast.pdf

MetropolitanTransportationAuthority. (2014).MTACapital Program2015–

2019. Accessed: http://web.mta.info/capital/pdf/Board_2015-2019_ 

Capital_Program.pdf

Metropolitan Transportation Authority. (n.d.). Timeline of the storm.

Accessed: http://web.mta.info/sandy/timeline.htm

Peel, M. C., Finlayson, B. L., and McMahon, T. A. (2007). Updated world

map of the Köppen-Geiger climate classification. Hydrology and Earth

System Sciences Discussions 4(2), 462.

U.S. Census Bureau. (2010). Decennial census, summary file 1. Accessed:

http://www.census.gov/population/metro/files/CBSA%20Report%20

Chapter%203%20Data.xls

U.S Census Bureau. (2016). Table 1. Annual Estimates of the Resident

Population: April 1, 2010 to July 1, 2016 – Metropolitan Statistical

Area; – 2016 Population Estimates. U.S. Census Bureau. Retrieved

March 28, 2017. Accessed: https://factfinder.census.gov/faces/ta-

bleservices/jsf/pages/productview.xhtml?pid=PEP_2016_PEPANN-

RES&prodType=table

World Bank. (2017). 2016 GNI per capita, Atlas method (current US$).

AccessedAugust 9, 2017: http://data.worldbank.org/indicator/NY.GNP

.PCAP.CD

Zimmerman, R. (2014), Planning restoration of vital infrastructure

services following Hurricane Sandy: Lessons learned for energy and

transportation, Journal of Extreme Events1 (1). doi:10.3141/2532-08

http://www.nhc.noaa.gov/data/tcr/AL182012_Sandy.pdf
http://web.mta.info/sustainability/pdf/Jacob_et al_MTA_Adaptation_Final_0309.pdf
http://wagner.nyu.edu/files/rudincenter/sandy-
http://web.mta.info/mta/pdf/storm_report_2007.pdf
http://web.mta.info/
http://web.mta.info/mta/news/books/docs/Capital-
http://web.mta.info/capital/pdf/Board_2015-2019_
http://web.mta.info/sandy/timeline.htm
http://www.census.gov/population/metro/files/CBSA Report 
http://data.worldbank.org/indicator/NY.GNP

