
Introduction

Abstract
In September 2021, the remains of
Hurricane Ida brought heavy rain
to Philadelphia. The Schuylkill
River rose to a record flow and
flooded roads, railways, parks, and
neighborhoods.
Scientists built a detailed
computer model to understand
why the flooding became so
severe. 

They studied rainfall, river flow,
tides, land shape, buildings, and
roads. The team found that wet
soil and hard city surfaces caused
more rainwater to run into the
river. They also discovered a flood
tipping point. Once the river rose
above about a 100-year flood
level, water spread much more
quickly across the city.

Philadelphia is built around the
Delaware and Schuylkill Rivers.
Many roads, homes, parks, railways,
and businesses are close to the
water. When Hurricane Ida’s remains
reached the region in 2021, heavy
rain caused the Schuylkill River to
rise rapidly. Scientists wanted to
understand why some places
flooded more than others.

The elevation map uses
green for lower land and

orange-red for higher
land. The flood map uses

blue to show water
depth. darker blue

means deeper flooding.
Together, the maps show
how land height affected

where Hurricane Ida’s
floodwater spread.
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1. Map The Land

Scientists used
LiDAR, which uses
laser light to measure
land height. They also
measured the shape
of the riverbed.

2. Add the Water

They added rainfall,
river flow, tides, and
information about
how wet the ground
was before the
storm.

3. Check the Model

Scientists and
residents combine
their information to
mark risky areas,
safer places, and
possible evacuation
routes.

Both maps use blue for
deeper water and
warmer colors for

shallower flooding. The
second map adds

buildings and roads,
showing the changes to

city structures where
water collects.

Light-blue bars show
rain, the blue line shows
river flow, and the green
dashed line shows tides.
The 92.1% circle means

most of the rain became
runoff.

How do Scientists Study Floods
Researchers used a computer model called LISFLOOD-FP to
show how water moved through the Schuylkill River and nearby
parts of Philadelphia.
The model combined several kinds of information, including
rainfall, river flow, tides, land height, roads, buildings, and other
city structures. It could estimate where water would travel, how
deep it might become, and which areas were most likely to
flood.

RIVER's MYSTERY LIMIT

FLOOD



Takeaways

Cities change water

flow

Soaked ground creates

more runoff.

Floods can reach

tipping points
Once water crosses

major barriers,

flooding can grow

quickly.

Wet soil matters
Soaked ground creates

more runoff.

What did they Discover

Planning matters

Different parts of a

city may need

different kinds of

flood protection.
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L1–L6 mark six places
studied along the river.
Brown shows land, and
the colored lines show

water levels for floods of
different sizes

Each blue dot shows a
different flood size.

After about the 100-year
flood level, the dots rise
quickly, meaning much

more land floods

Blue shows the river and
floodplain. Gray leaves

are the first barriers,
while higher land and
buildings can act as

second barriers.

The researchers found that wet
soil and city surfaces made
flooding worse. Earlier storms
had already soaked the ground,
so about 92% of the rainfall
became runoff during the largest
flood peak. Roads, roofs, and
parking lots also kept water from
soaking into the ground, and city
structures increased the flooded
area by about 30% in the model.
The team also found a flood
tipping point: once the Schuylkill
River rose above about the 100-
year flood level, water spread
much faster. High tides and
future sea-level rise could
increase flooding even more.



Draw a small city beside a river. Include:
homes
a school
roads
a park
a bridge
high and low ground

Imagine the ground is already wet and a strong storm is coming.
Use:

Blue for places that may flood
Red for important places at risk
Green for safer areas
Arrows to show where water may move

Choose three ways to protect your city. You might add a rain garden,
protect a bridge, create an evacuation route, expand a park to hold water,
or move an important building to higher ground.
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Floodplain — Low land near a river that can flood.

Impervious Surface — A hard surface, like pavement, that water
cannot easily soak through.

LiDAR — A technology that uses laser light to measure land
height.

Runoff — Water that flows over the ground instead of soaking in.
Saturated Soil — Soil that is already holding almost as much water
as it can.

Tipping Point — A level where a small change causes a much
larger effect.

Return Period — A way scientists describe how likely a certain-size
flood is.

Key Terms

Flood Ready Challenge
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