Long-term Flood Climatology in the Mid-Atlantic Region: An
Analysis Using River Gauge Data (1920-2020)

Sarah Munier
The Pennsylvania State University, Mid-Atlantic River Forecast Center at NWS

Abstract

In recent years, it has become crucial to understand
historical flood patterns as it aids in planning activities and
providing context for communicating flood risk. This study
investigates flood climatology in the Mid-Atlantic region
over two periods of time, all with the goal of better
prediction and disaster preparedness for local
communities. The first portion of this project analyzes data 1920-2020
from river gauges from 1920-2020 in order to identify long-

term trends and patterns for flooding in the region. These

data have been collected at the Middle Atlantic River

Forecast Center (MARFC) from the USGS and other sources.
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Flood Magnitude Part 2 (cont.) — Filling Gaps in Flood Database

Boxplot for Magnitude of Floods (1920-2020)

e As previously mentioned,
frequency of flooding has
increased through time
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Gauges were selected based on the following
criteria:
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(1) Had flood records dating back to the 1920s
(2) Flood category had to be one of the following:
minor, moderate, major .
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Light blue column represents each gauge site
(NWSID) in the PHI WFO that was utilized in this data
set; Green column represents the number of flood
dates missing on the water.noaa.gov site.

p=0.107, only 89% confidence that there's an
increasing trend

z=1.61

slope=12.8

intercept=103

p: 0.0200, 98% confidence that
there is a non-zero trend
e z:2.33

p=0.152, only 85% confidence that there’s an
increasing trend

z=1.43

slope=7.67

intercept=197
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Narrowed down to 67 locations with 3500+ recorded floods

10 Highest Cubic Feet per Second/Area Floods: Water.noaa.gov has since been updated with

missing flood date data.
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MARFC region, red dots indicate gages that
were a part of the study

National Weather Service uses the following
categories to rank the severity of floods:

Major Flooding
Extensive inundation of structures and roads.
Significant evacuations of people and/or transfer

' -
of property to higher elevations. » Record Flooding

1+ Flooding which equals or

! exceeds the highest stage

: or discharge observed at a

s given site during the period
: J . of record.

Some inundation of structures and roads near stream.

Some evacuations of people and/or transfer of property

to higher elevations.

Minor Flooding
Minimal or no property damage, but possibly some
public threat (e.g., inundation of roads).
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*Important note - 9 of the 10 highest cfs floods have
occurred in the last 50 years.

Part 2 - Examining the flood frequency from a
smaller subset of gauges

Subset of smaller gauges:
e Philadelphia (PHI) WFO

e WFO has flood stages defined but do not have river

forecast points
e ~17 years of data (10/01/2007 - 01/01/2024)

(measured in mi?)

- Graph split into two time
series

- Time period 2 (1970-
2020) has more outliers
indicating more floods
with greater magnitudes
than compared to time
series 1

« 14-23
° 24-42
° 43-70
e 71-126
CJIMARFC

1920-1970: Floods are less frequent compared to

the second half of the data

Flood Climatology (10/01/07 - 01/01/24) ®

I\ | wro

Legend

total floods

s 0-7

e 8-14

® 15-19

@ 20-36
@37-60
MARFC

total floods
)

e 3-8

® 9-19

@ 20-27
@ 28-37

[CJ PHI WFO

= 14-23
° 24-42
° 43-70
° 71-126
CJMARFC

1970-2020: For each gage location, there tends to

be more floods in this time series

PHI WFO points cover smaller streams of the region that

the MARFC does not

More floods were reported by the WFO gauges in this
region than by the MARFC gauges
Avg. floods per point:

o WFO-18.3

o MARFC-17.4

Conclusion

In the past century, the MARFC region has experienced an
increase in both the frequency and magnitude of floods. This
conclusion is based on an analysis of NWS defined floods at
RFC river forecast points. Further work was started to
enhance our understanding of flooding trends on smaller
streams. This involved analyzing USGS gage data at locations
WFO PHI monitors for flash flooding. Notably, the WFO PHI
flashy points recorded more floods per point on average than
the MARFC river forecast points within the PHI region,
highlighting the importance of incorporating local gauge data
for a more comprehensive understanding of flood patterns.
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