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1. Overview

To improve New York City’s understanding of its earthquake readiness, NYCEM has
implemented a probabilistic modeling framework that simulates various earthquake
intensities and timeframes. By modeling targeted building code enhancements and
structural retrofits, the City can understand how mitigation measures to essential facilities
would reduce potential economic losses, casualties, and the long-term displacement of
New Yorkers.

2. Methodology

For the 2026 Hazard Mitigation Plan update, NYCEM transitioned from a single-scenario
deterministic earthquake model to a probabilistic analysis. While the previous plan relied
on a single magnitude 5.2 event with just one epicenter, the probabilistic approach
evaluates the statistical likelihood of ground shaking from all potential seismic sources.

This shift from deterministic to probabilistic modeling enables NYCEM to move from
response-based planning to resilience-based planning. A deterministic model is a tactical,
scenario-based tool. It relies on fixed information, like epicenter location and magnitude,
to model potential impacts. For example, it can help answer very specific questions like,
"What happens to NYC's essential facilities if a magnitude 6.1 earthquake occurred just
west of Manhattan?” Conversely, a probabilistic model provides a comprehensive risk
profile. It does not rely on fixed variables but rather looks at thousands of potential events
over long return periods. It incorporates uncertainties in earthquake location, size, and
frequency to offer a more comprehensive assessment.

By modeling various return periods, the City can better assess risk across different
timeframes and intensities:

e Low Intensity: 100-year and 250-year return periods.
e Moderate Intensity: 500-year, 750-year, and 1,000-year return periods.
e Extreme Intensity: 1,500-year, 2,000-year, and 2,500-year return periods.

The return periods used in this probabilistic analysis function on a spectrum of frequency
versus severity. Low-intensity return periods, such as the 100-year and 250-year events,
represent a high probability of occurring within a typical planning horizon but generally
result in low impact regarding structural damage and economic loss. As the return period
increases toward the 1,500-year to 2,500-year range, the events become statistically
rare, representing a low probability of occurrence. However, these extreme-intensity
scenarios involve significantly more powerful ground shaking, leading to high-impact
outcomes.
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These model runs represent an as-is view of the City's impacts from various return
periods. To quantify the effectiveness of potential resilience strategies, NYCEM
developed earthquake mitigation models that systematically adjust various mitigation
strategies within the model framework, such as increasing the Earthquake Design Level
for older structures and applying structural retrofits to Unreinforced Masonry to selected
buildings and essential facilities.

These essential facilities include:

e Airports e Fire Stations

e Bus Facilities o Oil Facilities

e Care Facilities e Police Stations

e Communication Facilities e Ports

e Electric Power Facilities e Rail Facilities

e Emergency Operations Centers e Schools

e Ferries e Waste Water Facilities

By comparing the outputs of these mitigated scenarios against the baseline model,
NYCEM can calculate various damages avoided by hardening essential facilities and
produce improved mitigation strategies.

3. Baseline Model Impacts

NYCEM ran probabilistic earthquake models to understand the impacts of various return
periods, ranging from a low-intensity 100-year event all the way to an extreme-intensity
2,500-year event.

The baseline models show that NYC's risk is primarily driven by density, high property
value, and infrastructure age. Other factors, like soil liquefaction’, can also increase risk

" Liguefaction takes place when loosely packed, water-logged sediments at or near the ground
surface lose their strength in response to strong ground shaking. Liquefaction occurring beneath
buildings and other structures can drive major damage during earthquakes.
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and impacts. Even at moderate return periods, the high concentration of assets leads to
significant economic and social

exposure. Economic Impacts by Census Tract (2.32K Tracts with Losses)
$0-8.46M $8.46M-18.7M $18.7M-41.1M $41.1M-132M
For example, the 2,500-year model et o :

illustrates the potential for
catastrophic damage:

e Total Economic Loss: $21
Billion citywide.

e Social Impact: Approximately
14,100 households would be
displaced, with over 8,100
individuals requiring short-
term public sheltering.

e Casualties: An estimated 3,300
injuries (Daytime scenario).

e Debris: Over 4.85 Million Tons
of debris generated.

4. Mitigation Model Impacts

To understand how various mitigation measures would reduce the impacts to essential
facilities, NYCEM applied two mitigation measures for this analysis.

e Seismic Design Level Upgrades: This strategy adjusts the Earthquake Design Level
for older, pre-code critical facility buildings constructed before 1996 to modern
standards. This cutoff is based on the adoption of Local Law 17, which represented
the first time the New York City Building Code was updated to include specific
seismic provisions to protect structures against earthquake forces. Prior to this
mandate, most buildings in the City were constructed without formal requirements
for seismic resistance.

e Targeted Unreinforced Masonry (URM) Mitigation: Because low-rise and mid-rise
URM buildings drive disproportionately high economic and social impacts due to
their brittle nature, this scenario models the impact of targeted structural retrofits
for pre-1950 and high-occupancy masonry structures. Pre-1950, most URM
buildings used flexible timber, which are more likely have a pancake collapse
during an earthquake. Post-1950, there was a shift from wood floors to
concrete/steel, and a standardization of mortar and brick strength. This reduces
the probability of a total collapse, even if the masonry is still unreinforced.
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By modeling these mitigation measures, NYCEM can calculate the total damages avoided
to essential facilities. For example, the table offers a side-by-side comparison of each
model across a variety of impact categories

2,500-Year Return Period (Fire Station)

This table represents an average of the functionality across all fire stations after a 2,500-
year event. The data shows that, with the mitigation measures applied, Fire Stations
across the City are immediately more functional after an event and recover to a greater
degree by day seven.

Impact Category Baseline Model Mitigation Model Delta / Benefit
(Avg) (Avg)

Functionality After 72.07% 81.46% +9.39%

Day 1

Functionality After 72.42% 81.71% +9.29%

Day 3

Functionality After 86.95% 92.82% +5.87%

Day 7

Mitigation Impact Table

This table shows the expected number of facilities reaching a Complete Damage state
(total collapse or unsafe for entry) for a 2,500-year event, as well as the resulting gain in
immediate operational capacity from the mitigation measures.
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Approximate

Baseline Mitigated S
Facilities -
- Expected Expected Gain in Day 1
Facility Type Inventory Saved from . .
Complete Complete Functionality
Damage Damage Complete
9 9 Damage
Schools 2,647 12 3 9 Schools +13.3%
Fire Stations 222 1 0.2 1 Station +13.02%
Police .
. 233 0.9 0.2 1 Station +11.85%
Stations
Care .
. 88 0.4 0.1 <1 Facility +11.83%
Facilities
Totals 3,190 74.3 3.5 ~11 Facilities -

5. Appendix: Baseline Model Return Period Results Tables

1,500-Year Return Period

Economic Loss

County Total

Kings $3.32B
Queens $2.28B
New York $1.81B
Bronx $1.25B
Richmond $475M

Injuries & Fatalities
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County Injuries (day/night) Fatalities (day/night)
Kings 662/640 12.8/7.88

Queens 466/464 9.42/6.53

New York 235/214 2.64/1.32

Bronx 229/240 4.04/2.19

Richmond 68.3/56 1.31/1.02

Displaced Households & Short-Term Shelter Needs

County Displaced Needing Shelter
Kings 2.21K 1.34K
Queens 1.26K 690
New York 1.02K 466
Bronx 686 515
Richmond 50.7 31.2
Debris
Type Tons
Brick, Wood, and Other 1.95M
Concrete & Steel 624K
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