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NEW YORK CITY FACES MULTIPLE CLIMATE RISKS
Y. Depietri et al.: Multi-hazard risks in New York City 3373

Figure 2. Spatial variation in heat hazard, inland flooding hazard and coastal flood hazard for New York City. (a) Map of the heat stress
based on surface temperature and air pollution. (b) Map of the inland flooding based on the 311 calls for street flooding or basement flooding.
(c) Hurricane inundation zones based on the map provided by the Office of Emergency Management.

Figure 3. Spatial variation in the combined hazards including
weights derived through expert input.

assigned a larger weight with respect to the other two hazards
based on survey responses, which drives the hotspot analysis
somewhat. At present the city is still largely unprepared to
cope with flooding and is highly exposed to this type a haz-
ard, a condition that was particularly clear after Hurricane
Sandy. Inland flooding was shown to be most intense along
the coast, further strengthening the presence of hazards along
coastal areas, though modeling is required to better under-
stand the drivers of inland flood hazards and where they are
likely to occur in the future.

Figure 4a shows the exposure of the city based on the pop-
ulation. Since Manhattan has the highest density, it is where
the highest exposure values are found. Parts of Brooklyn and
the Bronx also have high densities but are overall less con-
centrated than Manhattan. The susceptibility map of the city
(Fig. 4b) shows that the most fragile members of the popu-
lation in socioeconomic terms are in some parts of Brook-
lyn and the Bronx. As most people living alone are in Man-
hattan, this area shows higher values of lack of coping ca-
pacity, while linguistic isolation (non-English-speaking) ex-
plains some lack of coping capacity in parts of Brooklyn and
the Bronx (Fig. 4c).

The resultant vulnerability map (Fig. 5) shows highly vul-
nerable populations located mainly in the Bronx, large parts
of Brooklyn and some parts of Manhattan (such as Harlem)
and Queens. Staten Island appears as the least vulnerable
compared to other parts of the city.

The survey’s respondents suggested other important indi-
cators that can be considered in a vulnerability assessment
(see Table 5). These fall into the categories of indicators that
we had to exclude either because they were not directly rel-
evant to the three hazards we focused on jointly, or because
data were unavailable at the spatial scale at which we con-
ducted our analysis. Despite their exclusion from the study,

www.nat-hazards-earth-syst-sci.net/18/3363/2018/ Nat. Hazards Earth Syst. Sci., 18, 3363–3381, 2018

Heat Inland Flooding Coastal Flooding

Depietri, Dahal, and McPhearson 2018, NHESS



temperature signatures were identified. For each class group, we created dummy
variables and performed least squares multiple regression analysis using the class
group dummy variables as predictors of temperature. The coefficients for each
predictor represent the relative influence of each class group on temperature. We
used these coefficients as indicators of landscape-based heat exposure in the sense
that they represent the extent to which a given landscape class attenuates or
exacerbates heat exposure. In addition, we tested the error of the landscape-based
heat exposure indicator by mapping mean temperature values of each indicator
against actual temperature values. We used the landscape-based heat exposure
indicator in conjunction with hot and cold spot analysis to identify landscape types
that are present in the hottest locations of the city and to consider potential loca-
tions for interventions within hot spots.

7. Results

7.1. Demographic analysis

The sensitivity indices vary over space, with some population variables more
concentrated than others. For instance, the elderly population follows a similar
spatial pattern as the total population, whereas households in poverty tend to

Figure 2. Base Layer for Landscape-Based Classification (Left) and Surface Temperature on July
15, 2011 (Right)

Landscape-Based Extreme Heat Vulnerability Assessment
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concentrate in northern Manhattan, south Bronx, and northern and central
Brooklyn. Black/African American is the most concentrated of the three demo-
graphics examined — with high populations in northern Manhattan, Roosevelt
Island, the south and north Bronx, Eastern and the Far Rockaways, Queens, eastern
Brooklyn, and northern Staten Island (Figure 3).

Figure 3. Disaggregated Population Maps

ZA Hamstead, C Farmer and T McPhearson

1850018-12

HEAT VULNERABILITY IN NEW YORK CITY

Hamstead, Farmer, and McPhearson, 2018, J. Extreme Events



ENVIRONMENTAL JUSTICE AND COASTAL FLOOD RISK
800,000 PEOPLE LIVING IN EJ AREAS ARE BELOW THE 100YR FLOOD PLAIN

Herreros-Cantis, McPhearson et al. 2020, Urban Transformations



http://stormwater.nyc





NYC FLOOD SCENARIOS (PHASE 2)



% Above 65yrs % Below Poverty % Black/African American

Herreros-Cantis, McPhearson et al. in prep
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MULTI-HAZARD RISK IN NEW YORK CITY
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Figure S2: Supply, demand and mismatch maps for each of the ES assessed, at the census block 
level. 
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Figure S2: Supply, demand and mismatch maps for each of the ES assessed, at the census block 
level. 

NBS FOR WHOM?  SUPPLY AND DEMAND FOR NATURE-BASED SOLUTIONS

Herreros-Cantis and McPhearson, Ecological Applications (2021)

Supply Demand Mismatch



NBS FOR WHOM?  HOTSPOTS OF HIGH DEMAND AND LOW SUPPLY

 
Figure 6: Classified census blocks according to their Z-score obtained in the cluster analysis. Coldspots (clusters 
of low mismatch value) correspond to low Z-scores, while larger scores correspond to hotspots (high mismatch). 
Even though break values between different categories were set using a Jenks distribution, values 2.58 and -2.58 
were set manually in order to keep a minimum degree of significance (p<0.01). C3 corresponds to those census 

blocks that obtained a Z-score between 2.58 and -2.58, meaning that their p-value is > 0.01. 
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Perceived and 
spatial access is 
uneven 

● Access to a public parks and 
open spaces was highest 
among respondents from 
Staten Island (93%) and 
Manhattan (83%) and 
significantly lower among 
respondents from Brooklyn 
(76%) and Queens (63%). 

Lopez, Kennedy, Field and McPhearson, 2021, Urban Forestry and Urban Greening

DISPROPORTIONATE ACCESS TO PARKS AND OPEN SPACE







▸ Launched a National Capital Accounting initiative 
to track the economic benefits that investments in 
nature-based solutions provide

▸ Developed the US Roadmap on Nature-based 
Solutions for climate change adaptation and mitigation 

▸ Initiated the first National Nature Assessment



3-30-300 Rule for Urban Forests?

Konijnendijk 2022, J. Forestry Research 



20

NATURE-BASED URBAN CLIMATE SOLUTIONS

THANK YOU
 @USL_NYC                              URBANSYSTEMSLAB.COM              @TIMONMCPHEARSON 

http://www.apple.com

