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Urbanization and Climate Change 
are on a Collision Course
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Since the Special Initiative for Rebuilding and
Resiliency (SIRR) was launched in December
2012, the input of local stakeholders has helped
shape an understanding of what happened dur-
ing Sandy, what risks Southern Manhattan faces
in relation to climate change, and what ap-
proaches make sense to address these risks.

Southern Manhattan is represented by a wide
array of elected officials at the Federal, State,
and local levels.  It also is represented by five
community boards.  The area is further served
by a large number of community-based organ-
izations, civic groups, faith-based organiza-
tions, and other neighborhood stakeholders.
All played an important role in relief and recov-
ery efforts after Sandy. Throughout the process
of developing this plan, SIRR staff benefited
from numerous conversations—both formal
and informal—with these groups and individu-
als, including, in Southern Manhattan, two task
forces that met regularly.

SIRR also held a public workshop in March 2013
in Southern Manhattan, part of a series of such
workshops held citywide in which over 1,000
New Yorkers participated to discuss issues af-
fecting their neighborhoods and communicate
their priorities for the future of their homes and
communities.  Generally, the on-the-ground in-
sights provided at this public workshop helped
SIRR staff to develop a deeper understanding
of the specific priorities of, and challenges fac-
ing, the communities of Southern Manhattan. 

Overall, out of the various task force and other
meetings and public workshops attended by

SIRR staff since January, several priorities for
Southern Manhattan and the SIRR effort clearly
emerged: 
•  Protect critical infrastructure–power, 

transit, telecommunications–from outages;
•  Protect residential buildings and their 

vulnerable populations from building 
system outages;

•  Protect retail and commercial businesses
from flooding;

•  Improve infrastructure to prevent future
events from having widespread impacts; and

•  Continue to strengthen post-event 
communication.

Priorities from Public Engagement in Southern Manhattan

Southern Manhattan community outreach workshop

Southern Manhattan community outreach workshop

Task Force Briefing Frequency # of Stakeholders from 
Southern Manhattan

Elected Officials Monthly
14 City, State, Federal 
elected officials

Community-Based 
Organizations

4 - 6 weeks

3 community boards

25+ faith-based, business, 
and community organizations
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Flooding of Battery Park Underpass

in Chapter 2 (Climate Analysis), sea levels are
forecast to rise through the 2020s and 2050s.
During this period, the floodplain will expand,
and throughout the area, flood heights could
increase, resulting in a risk of even higher flood-
waters during storms. (See map: Comparison of
Preliminary Work Maps and Future Floodplains)

The additional growth in the floodplains is an-
ticipated in all Southern Manhattan areas
including Battery Park City. According to NPCC’s
high-end projections, the 2050s floodplain may
extend to First Avenue around Kips Bay and in
some areas reach Second Avenue. In the Lower
East Side, the projected floodplain would 
extend over a block inland and in some areas
could reach Avenue A. In Lower Manhattan 
and Battery Park City, the floodplain is also 
expected to increase and encompass buildings
at the lower tip of Manhattan.  In Tribeca, the

West Village, Chelsea, and Hudson Yards, the 
projected floodplain would extend inland
nearly another block. Throughout Southern
Manhattan, the number of at risk buildings
could rise to approximately 2,300 buildings by
the 2020s (a 43 percent increase over the
PWMs) and to over 2,700 buildings by the
2050s (a further 18 percent increase over
2020).  (See table: Buildings in the Floodplain)

Other Risks
The neighborhoods in Southern Manhattan face
other climate risks as well. Sea level rise, for ex-
ample, even without extreme weather events
such as hurricanes, could, in some communi-
ties, lead to increased frequency and severity of
street flooding on a chronic basis by the 2050s.
This risk, which already exists for the areas to
the north and south of the Brooklyn Bridge, is
expected to increase in the decades to come.

Increased precipitation and more frequent and
heavier downpours may result in some flood-
ing. However, this risk is likely to be limited to
localized areas. While future projections for
changes in wind speeds are not available from
the NPCC, a greater frequency of intense hurri-
canes by the 2050s could present a greater risk
of high winds in the New York area. This may
pose a threat to Southern Manhattan with its
many densely packed high-rise structures and
older buildings not constructed to modern
wind standards. 

Finally, higher average temperatures are not 
expected to cause meaningful impacts on 
the neighborhoods in Southern Manhattan.
However, the increase in the number of heat-
waves could lead to more frequent power
outages.

Credit: Michael Appleton/The New York Times
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Introduction

Staten Island residents rescued during Sandy
Credit: Michael Kirby Smith/The New York Times

Hurricane Sandy in New York City, 2012



Phoenix, Arizona, September 8, 2014
500 Year Flood, 10-15cm in < 24 hrs



CHAPTER 8: URBAN ECOSYSTEMS 
AND BIODIVERSITY

Second Assessment Report On Climate Change In Cities (ARC3-2)

Coordinating Lead Authors: 
Timon McPhearson, Madhav Karki 

Lead Authors: 
Cecilia Herzog, Helen Santiago Fink, Luc Abbadie, Peleg Kremer, 

Christopher M. Clark, Matthew I. Palmer, and Katia Perini 

(Forthcoming from Cambridge University Press in December 2015)



CLIMATE CHANGE EFFECTS ON 
URBAN SPECIES

• Changing the reproductive and population dynamics of animals

• Insect life cycles and migration patterns changing

• Urban trees could face greater herbivory 

• Nonnative invasive species from warmer areas colonizing cities 

• Species are further challenged by interaction of multiple 
stressors (development, habitat fragmentation, invasive species, 
and climate change)

(McPhearson et al., 2015, forthcoming from Cambridge University Press)



CLIMATE CHANGE IN CAPE TOWN

2020s 2050s 2080s

Temperature 
change 

0.8°C 1.6°C 2.3°C

Precipitation 
change

-‐4.7% -‐12.8% -‐17.0%

Sea level rise 7-‐14cm 22-‐41cm 39-‐82cm

Downscaled IPCC AR5 Urban Projections for 2020, 2050, 2080 in 
collaboration with NASA GISS.  Temp and Precip are means, and SLR are 

ranges (McPhearson et al., 2015, forthcoming)



CLIMATE CHANGE IN NYC

2020s 2050s 2080s

Temperature 
change 

1.4°C 2.7°C 3.9°C

Precipitation 
change

5.4% 8.1% 10.8%

Downscaled IPCC AR5 Urban Projections for 2020, 2050, 2080 in 
collaboration with NASA GISS.  Temp and Precip are means, and SLR are 

ranges (McPhearson et al., 2015, forthcoming)

Sea level rise 8-‐18cm 24-‐50cm 40-‐93cm



entry point (Andersson et al., this issue) for planning, management
and governance practices seeking increased resilience and transi-
tions towards urban sustainability (Frantzeskaki and Tilie, 2014).

2. Sustainability, resilience, and urban ecosystem services

Though governance practices and planning approaches for
urban sustainability must consider the large urban footprint to
improve sustainability, here we focus on the internal footprint of
cities and specifically the sustainable production of ES in the city.
Urban ES provide important ways for improving sustainability by
locally providing services to urban residents, decreasing reliance
on externally produced services, and thus decreasing the global
footprint of cities. Such urban ES include local food and water
production (Gómez-Baggethun et al., 2013), and utilizing green
infrastructure in place of environmentally and economically costly
grey infrastructure for reducing impacts of stormwater on urban
drainage systems therefore lowering the risk of surface water
flooding (Kaye et al., 2006; Pataki et al., 2011; Alamarie et al., 2010;
McPhearson et al., 2013a). There are also many ES critical to
human health and wellbeing that cannot be imported and must
be supplied locally within urban ecosystems (McPhearson et al.,
2013b; Andersson et al., this issue), for example utilizing urban
parks, green walls and roofs, and street trees to offset urban heat
islands and thereby reducing energy use for cooling (Gill et al.,
2007; Pataki et al., 2011), or the mental and physical health
benefits provided by urban green infrastructure (Gómez-
Baggethun et al., 2013).

Overall, urban ecosystems provide a large roster of critical
services affecting human health and wellbeing in cities (Elmqvist
et al., 2013; Gómez-Baggethun et al., 2013; McPhearson et al., 2014).
However, while research to predict and understand urban climate
change is expanding rapidly (Rosenzweig et al., 2011), we still know
little about how climate change will affect urban biodiversity and
the ecological structure, functions, and services that affect human

livelihoods in cities (Solecki and Marcotullio, 2013). Urban ES may
be vulnerable to change, whether by land use change and devel-
opment or from other sources of change including climate change,
extreme events, or political and economic change (Seto et al., 2012).
Further research is needed to understand how climate interacts
with and drives changes in urban ecosystems, and therefore how
these changes will affect the supply of ES. We need to understand
the resilience of urban ES, and how it is linked to global and local
social–ecological changes as well as how changes in urban ES
feedback to impact resilience within urban systems at multiple
scales.

Resilience is generally considered in the context of response to
sudden impacts like natural disasters (Alberti et al., 2003; Pickett
et al., 2004). However, the resilience concept is not limited to
recovery from a single disturbance. Resilience is a multidisciplin-
ary concept that encompasses persistence, recovery, and the
adaptive and transformative capacities of social–ecological sys-
tems and subsystems (Holling, 2001; Walker et al., 2004; Biggs
et al., 2012). Improving resilience at both small and large system
scales depends on answering the question of resilience “of what,
to what” (Carpenter et al., 2001), and, perhaps especially in urban
areas, resilience “for whom” (Pickett et al., 2011). Including urban
ES in resilience planning and management can help to address
these questions. Below we discuss three overlapping ways to help
to connect urban ES to resilience in urban systems.

2.1. Insurance and option values

The value of resilience through urban ecosystems has so far not
been included in urban ecosystem services valuation and assess-
ment. We suggest insurance and option values as two key aspects
for connecting urban ES to resilience in valuation studies, and that
accounting for both insurance value and option value of ecosys-
tems in urban resilience targets will both increase the likelihood
that ecosystems are managed for resilient supply of services, and
that resilience targets will be met. While multiple definitions exist,
we propose that insurance value reflects “the maintenance of
ecosystem service benefits despite variability, disturbance and
management uncertainty”. Therefore, the insurance value of an
ecosystem is closely related to its resilience, self-organizing
capacity, and to what extent it may continue to provide flows of
ecosystem service benefits over a range of variable environmental
conditions. Option value instead focuses on the maintenance of
alternative uses or solutions and the reversibility of decisions
(Pascual et al., 2010). For example, multifunctional green infra-
structure allows for different uses and for different ecosystem
service benefits that can be utilized at different times. A well-
known case is how urban parks were used for food production
instead of recreation during the two World Wars (Barthel et al.,
2013). Less dramatic changes in how ecosystems are used and
valued include shifts from regulating services to recreational
services (e.g. wetlands in the Kristianstad Vattenrike Biosphere
Reserve, Sweden) (Olsson and Galaz, 2009).

2.2. Resilience through urban ecosystem services

High population density, high connectivity and dependence on
infrastructure can make urban populations vulnerable to disturbances,
such as flooding, heat waves, disease outbreaks, land slides, and
storms (Peters et al., 2004). Ecosystems within and around cities can
provide insurance by helping to buffer against many of these
disturbances. Resilience to specific events, whether climate mediated
or not, may arise through ES where benefits occur during or shortly
after the event. This specified resilience could be understood and
addressed through urban planning and management targeting green
infrastructure and associated ES. For example, mangroves and

Fig. 1. Urban resilience can be fostered by incorporating urban ES in planning,
design and management of urban social–ecological systems. A social–ecological
approach for cities is critical to safeguard a resilient supply of ES in the long-term to
ensure urban human well-being (Schewenius et al., 2014; Elmqvist et al., 2014).
However, safeguarding urban ES requires recognizing and incorporating the
multiple values of ES in planning and governance. As urban planning and
governance for social–ecological resilience increases, together with conservation
of and management for increased quality, quantity, and diversity of urban ES,
resilience at multiple scales can be improved.

T. McPhearson et al. / Ecosystem Services ∎ (∎∎∎∎) ∎∎∎–∎∎∎2

Please cite this article as: McPhearson, T., et al., Resilience of and through urban ecosystem services. Ecosystem Services (2014), http:
//dx.doi.org/10.1016/j.ecoser.2014.07.012i

(McPhearson	  et	  al.,	  2015,	  Ecosystem	  Services)

Urban Resilience Through Urban Nature



Traditional Solutions

“Safe to fail” 
• More frequent failure  
• Lower consequences 
• Flexible 
• Multifunctional 

“Fail safe” infrastructure  
• Less frequent failure  
• High consequence of failure 
• Highly modified infrastructure

Nature-based 
Solutions 



Reduces 
Stress

Encourages 
Walking

Reduces 
Stormwater 

Run-off

Provides 
Sense of 

Place
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Provides 
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Reduces 
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URBAN ECOSYSTEM SERVICES

Urban ecosystems services are the human health and 
wellbeing benefits that are provided by ecosystems in 
cities.

Some examples:
food production - storm water regulation - coastal 
protection - urban heat reduction - air pollution removal - 
carbon storage - noise mitigation - recreation - relaxation 
- sense of place - social cohesion - aesthetics

(Gomez-Baggethun, Gren, Andersson, McPhearson et al., 2013, 
UN CBD Cities Biodiversity Outlook)



(McPhearson et al., 2015, forthcoming)



ASSESSING URBAN 
SOCIAL-ECOLOGICAL RESILIENCE

Ecological
Resilience
Indicators

Social
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+



Social Vulnerability Indicators To Extreme Heat

• African American  

• Hispanic  

• Linguistically isolated  

• Living alone  

• Vacant households  

• Elderly  

• Educational attainment 

 

 

• Poverty  

• Disability  

• Air Conditioning  

• Median Housing value  

• Receiving public assistance 

• Housing conditions 

 

 

(Curriero et al., 2011; Hattis et al., 2012; Madriago et al., 2015; Rosenthal et 
al., 2014; Uejio et al., 2011) 
 



Downscaled IPCC AR5 Urban Projections for 2020, 2050, 2080 (McPhearson et al., 2015, forthcoming)

Mean Temperature Projections (°C)

WWF Major Habitat TypesMean Temperature
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ASSESSING URBAN 
ECOLOGICAL RESILIENCE

Species
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Slide 2 

2012-2013 Sites

New York City
eBird Data



0 5 102.5 Kilometers

Data Source: Ebird, Audubon and Cornell Lab of Ornithology - 

bird species presence data collected 2000-2013.

§

Ebird Sightings 
Number of
Bird Species

1 - 31

32 - 146

147 - 217

217 - 292

292 - 381



0 5 102.5 Kilometers

Data Source: Metropolitan Flora Project, Brooklyn Botanical Garden - 
plant species presence data collected 2002-2010; 

§

MFP Number of
Plant Species

1 - 3

4 - 11

12 - 49

50 - 75

76 - 201



Alley Pond Canarsie Orchard 
Beach Marine 1

Agrostis sp. 9561 9560

Artemisia vulgaris 6885 8233 8495

Persicaria perfoliata 2649

Reynoutria japonica 2736

Rubus allegheniensis 2008

Solidago canadensis 8275

Total cover after 4 years of development (cutoff 2000)

NYC Forest Restoration Study

Total Area of Plant Cover (cm2) in 10 Urban Parks in NYC



Home About TRY Data Portal Contact Registration

Quantifying and scaling global plant trait diversity
TRY is a network of vegetation scientists headed by 

DIVERSITAS/IGBP, and the Max Planck Institute for Biogeochemistry,
providing a global archive of curated plant traits.

5.6 million trait records

100,000 plant species

largely open access

News

100 million Trait Records Released (2015
1103)
As of 20151103, TRY has released more than
100 million trait records to the community.
(link)

Paper published (20150907)
Larkin et al.: Phylogenetic measures of plant
communities show longterm change and
impacts of fire management in tallgrass prairie
remnants. Journal of Applied Ecology. (link)

Paper published (20150716)
Schrodt et al.: BHPMF – a hierarchical Bayesian
approach to gapfilling and trait prediction for
macroecology and functional biogeography.
Global Ecology and Biogeography. (link)

Paper published (20150713)
Naudts et al.: A vertically discretised canopy
description for ORCHIDEE (SVN r2290) and the
modifications to the energy, water and carbon
fluxes. Geoscientific Model Development. (link)

Progress (20150703)
On 20150701 TRY has received data request
number 1000. Up to this date, more than 77
million trait records have been provided to
request PIs by TRY. (link)

News Archive

Follow TRY 



Primary diet

Foraging height

Foraging behavior

Main habitat

Social behavior

Migratory status

Nest site

Nest height

Nest openness

Maximum life expectancy

Number of molts per year

Edge Response

Plumage dimorphism

Breeding, parental investment 
in nest building

Breeding, parental investment 
in incubation

Date of first clutch

Mean number of clutches per 
year\

Duration young remain in nest 
after hatching

Morphometry, wingspan

Morphometry, body weight

Territory density

PLANT TRAITS
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Summary
• Urban challenges require detailed information on available 

ecological functioning and services, now and in the future
• Assessing social-ecological resilience means developing 

indicators for both
• One way forward is using functional diversity as indicator of 

ecological resilience, linking species richness and trait data 
• Utilizing FD has potential to evaluate current and future 

responses to climate change, urbanization and other 
challenges



THANK	  YOU!



extra slides



Ecosystem Services of 
Green Infrastructure in 

New York City

(Kremer, Hamstead & McPhearson, Environmental Science & Policy, in revision)
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RESPONSE TRAITS

?
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Urban Complex Systems Context

• Heterogeneity + Inequity	  
• Density + Scarcity 	  
• Interactions between humans and nature	  
• Traditionally ignored ecosystems



Urban Ecosystem Functioning

• Ecosystem functions result not from individual ecosystem 
patches, but from patterns among ecosystem patches and 
human elements	  

• Combinations of elements matter to functioning of urban 
landscapes

IMAGE: Márton Jancsó, 2011 



URBAN NATURAL CAPITAL

• Multi-functionality

• Address social inequity

• Identify social need

• Benefits that build resilience

Natural Area in New York City



(McPhearson, Pickett, Grimm, Alberti, Niemela, Elmqvist, et al., BioScience in revision)

A Science of Cities



Mean Precipitation Projections (%)

WWF Major Habitat TypesMean Precipitation

Downscaled IPCC AR5 Urban Projections for 2020, 2050, 2080 (McPhearson et al., 2015, forthcoming)



FOLIAR N

Foliar %N from of each species at each site. Mean values (±SE) for n = 5 trees/species/site. 

(Falxa-Raymond, Palmer, Griffin, and McPhearson. Urban Ecosystems, In review)



Clearview Ft. Totten Marine 3

Agrostis sp. 10770

Artemisia vulgaris 7435 10320 4236

Helianthus sp. 4700

Melilotus officinalis 4488

Phytolacca americana 5389

Total cover after 2 years of development (cutoff 4000)

NYC Forest Restoration Study



Clove Lakes Conference 
House Marine 2

Agrostis sp. 1721
Artemisia vulgaris 8172 1814 8227

Melilotus officinalis 1672
Oxalis stricta 1564

Phytolacca americana 2651
Reynoutria japonica 2565
Solidago canadensis 1594

Total cover after 3 years of development (cutoff 1500)

NYC Forest Restoration Study



MEGACITIES IN BIODIVERSITY HOTSPOTS

1970

(McPhearson et al., 2015, forthcoming Cambridge University Press)

Population in millions

8-17 million

18-27 million

28-38 million

Biodiversity Hotspots



MEGACITIES IN BIODIVERSITY HOTSPOTS

(McPhearson et al., 2015, forthcoming Cambridge University Press)

2000

Population in millions

8-17 million

18-27 million

28-38 million

Biodiversity Hotspots



MEGACITIES IN BIODIVERSITY HOTSPOTS

(McPhearson et al., 2015, forthcoming Cambridge University Press)

Population in millions

8-17 million

18-27 million

28-38 million

Biodiversity Hotspots

2030 


