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Infrastructure Overview




Other MnDOT Infrastructure

e 11,000+ miles of roadway

e 70,000+ culverts =2 995 mi.
e ~75,000 storm sewer pipes =2 1,150 mi.

e ~1,700 Stormwater BMPs...

 Many other assets!
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Trunk Highway Bridges (=10’)

4,444 Trunk Highway Bridges in
Minnesota (2024)

Over
Railroads
(329)

Over

Waterways
(2658)

Structures may be counted multiple times due to
combination under record codes.
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Local Bridges (=10’)

15,217 Local Highway Bridges in

Minnesota Over
Over
Hich Railroads
ghways____ = — 210
(85) (210)

Over
Waterways
(14685)

Structures may be counted multiple times due to
combination under record codes.
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Observed & Projected Trends




Average annual precipitation change by climate division for 20t century versus 2000-2024. Graph by Minnesota DNR State Climatology
Office. Data from NOAA/NCEI, retrieved using DNR Climate Trends tool (https://arcgis.dnr.state.mn.us/ewr/climatetrends/)



https://arcgis.dnr.state.mn.us/ewr/climatetrends/

Total Number of 10-year Rains by Year
From 58 Minnesota Stations
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Number of “10-year rains” —those that meet or exceed totals associated with 0.10 (10%) annual probability at any of 58 stations with consistent
record in Minnesota from 1948 through 2024. Graph by Minnesota DNR State Climatology Office, with data from NOAA/Applied Climate
Information System, using thresholds published from station list (option 1b) at https://hdsc.nws.noaa.gov/pfds/pfds map cont.html?bkmrk=mn.



https://hdsc.nws.noaa.gov/pfds/pfds_map_cont.html?bkmrk=mn

Mega-rain Events in Minnesota

e Mega-rain event = 6” of rain covering >1000 sg. mi. in 24 hours or less, with at least 8”7+
of rain at some location

e 16 Mega-rains from 1973 to 2021
e 5/16 (31%) occurred in the first 26 years (1973-1999)
e 11/16 (69%) occurred in the most recent 22 years (2000-2021)
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USGS Report on Nonstationarity in Peak Streamflow

“From the onset of the U.S. Geological Survey |
streamgaging program through much of the e e e T
20" century, the stationarity assumption was Changos nCimate, Watr Years 121-2020
widely accepted within the flood-frequency e e
community. However, in recent decades,

better understanding of climatic persistence

(extended periods of wet or dry conditions)

and concerns about potential climate change

and land-use change have caused the I

stationarity assumption to be reexamined.”

Ryberg, K.R., comp., 2024, Peak streamflow trends and their relation to changes in climate in lllinois, lowa, Michigan,
Minnesota, Missouri, Montana, North Dakota, South Dakota, and Wisconsin: U.S. Geological Survey Scientific Investigations
Report 2023-5064, [variously paged], https://doi.org/10.3133/sir20235064.
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EXPLANATION

Peak trend slope normalized A Likely upward
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Figure 11. Maps showing likelihood and normalized magnitude of monotonic trends in median annual peak
streamflow for streamgages in the 100-, 75-, 50-, and 30-year analysis periods in Minnesota.

Ryberg, K.R., comp., 2024, Peak streamflow trends and their relation to changes in climate in lllinois, lowa, Michigan,
Minnesota, Missouri, Montana, North Dakota, South Dakota, and Wisconsin: U.S. Geological Survey Scientific Investigations
Report 2023-5064, [variously paged], https://doi.org/10.3133/sir20235064.
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MN 19 at Henderson

Hwy 76

MN 30 near Minnesota Lake



What does the future hold?

3/11/2026 mndot.gov 14



Largest 24-hour Rainfall Each Year, 1948-2025
From 58 Minnesota Stations
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Figure 3. Largest annual daily (24-hour) rainfall, 1948-2025, from 58 long-term stations in Minnesota. Enlarged dots with red outlines shown
for values of 8 inches or greater, which exceeds the 0.01 probability (100-year) threshold everywhere in Minnesota. Over the period, the
largest rain in the network grew by 0.59 inches, or 10.7%. Graph by Minnesota DNR State Climatology Office, with data from NOAA/Applied
Climate Information System.




Future Precipitation Estimates

+17.5-19.4%
+19.4-22.2%
+22.2-23.5%
+23.5-24.8%
+24.8-25.6%

e Percent change in 10-year, 24-
hour precipitation estimates

@®00O0

e Future year: 2085
e Emissions scenario: RCP 8.5

e Data source: Strategic
Environmental Research and
Development Program
(SERDP/Department of Defense)

3/11/2026 16
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MnDOT Flood Resilience Design Guidance




MnDOT’s Commitment to Resilience

e Statewide plans with flooding identified as significant hazard, expected to
increase with climate change:

e State Hazard Mitigation Plan (2024)

Climate Action Framework (2022)

State Water Plan (2020)

MnDOT Statewide Multimodal Transportation Plan (2022)

MnDOT Resilience Improvement Plan (2024)

e Resilience: The ability to anticipate, prepare for, and adapt to changing
conditions and withstand, respond to, and recover rapidly from disruptions.
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TPDP: Resilience in the engineering process
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Design Data vs. Service Life Timeframes

| | |
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MnDOT’s Flood Resilience Design Guidance

Flood-related background information

MnDOT’s commitment to resilience

Resilience throughout the transportation project development process

Flood resilience design guidance

Design resources

3/11/2026 mndot.gov 21



Scenario Planning: Check Storm

e Evaluate hydraulic performance for a range of conditions

e Check storm added to Chapter 3 of MnDOT’s Drainage
Manual
* 100-year event if Qo < 100-yr
* If Qyegign = 100-yr, increase by 15%

e Larger historical event, future precipitation estimates, storm
transposition, other methods may be applied

* Placeholder until future precipitation estimates are adopted MnDOT's Drainage Manual
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Design Process: What’s Changing?

Existing Condition Modeling

Data Collection

Design Criteria Develop hydrology and
hydraulic model(s) of system

to evaluate existing hydraulic
performance, calibrate to
past flood event(s).

Gather information about

site (asset data, watershed | Determine minimum design
data, rainfall data, history of criteria.

flooding).

Proposed Condition Finalize Recommendations

Modeling

Prepare final design
recommendations to include
in construction plans and
specifications.

Modify H/H model to
represent the proposed
conditions.

23



Check Storm Decision-Making

What do the check
storm results show?

Inlets not meeting
spread criteria

What should | do

about it?

No need to add more
inlets

“When performing a
hydraulic analysis with a
check storm, the analysis

is not expected to meet all
the design criteria, rather
the check storm analysis is
used to identify whether
flood risk mitigation
measures should be
considered.”

24



[Anticipated] Atlas 15 Adoption

e 2025: Preliminary estimates available for peer review & feedback
e 2026: Published estimates available for use and application
e VVolume 1: Current Estimates of 2023

* Volume 2: Project Estimates
e Scenario (SSP-245 & SSP-585) or Global Temperature Index (1.5° to 5° C)
e 2030, 2040, 2050...2100

NOAA’s Atlas 15 Info Page

25



MnDOT's anticipated Atlas 15 Adoption

e Design event: Atlas 14 - Atlas 15 Volume 1

e Check storm: Current criteria = Atlas 15 Volume 2 (future timeframe
& scenario TBD)

 New regionalized IDF curves?

 New rainfall distributions from NRCS to replace MSE distributions?

3/11/2026 mndot.gov 26



What about large culverts & bridges?

 The check storm does not apply to
designs based on flow frequency
estimates.

e Risk Assessment Form

e All CL culverts >48” and waterway bridges

° Qdesign & Qovertopping & O~1OO & O~500

e Backwater damage, traffic-related losses,
roadway and/or structure repair costs

e Consider increasing risk of extreme
storms/floods

e Bridge hydraulic letter & scour
confirmation letter

27



Design Resources (Coming Soon!)

Design Resource Primary Application

Provide a basis for uniform design practice for typical roadway

MnDOT Drainage Manual , ,
and waterway drainage designs.

Provide basic information about locations where flooding has

MnDOT Flood Event Database o ,
been observed within MnDOT right of way.

Provide a method for designers to evaluate flood risk and

MnDOT Flood Risk Assessment Tool , . ,
compare cost-effectiveness of flood resilience alternatives.

Show how to apply the check storm to a variety of design
Check Storm Examples

cases.

Document results of check storm analysis, including
(03 T=To '@ o) {0 WA I o LIRS TSI B anticipated flood risks and resilience strategies that will be
implemented with a project.

Provide examples of flood resilience projects that have been
implemented by MnDOT.

Flood Resilience Featured Projects
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Flood Monitoring Improvements
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Other Agency’s Flood-Related Resources




MN Silver Jackets: MN Flood Center Strategic Plan

e QObjectives:
v’ Develop a common mission (purpose & need statement)
v’ Conduct stakeholder engagement
v’ Conduct research and outreach to established flood centers
v' Identify data and resources currently available within partner agencies

v' Identify additional data and resources needed to improve flood preparedness, monitoring,
response, and recovery in MN

v’ Develop strategic plan and identify potential funding sources

e Partners: USACE (lead), BWSR, DPS/HSEM, MDA, MnDNR, MnDOT, MNIT MnGeo,
MPCA, MSU, NWS, UMN, USGS, NRCS, MDH, Met Council

32



Summary

e Commitment to providing a safe, functional, and resilient [transportation
system, city, county, etc.] today and into the future

e Likelihood of extreme rains & high stream flows are increasing; risk doesn’t
have to increase

e Minimizing consequences of flooding = minimizing risk of flooding

e Check storm can be applied to identify potential flood consequences, inform
designer of need for flood risk mitigation measures

e Supporting resources coming soon!

3/11/2026 mndot.gov 33



Let’s Stay Connected

e How can we (MnDOT) support your flood resilience work?

* Provide updates on flood resilience guidance and resources in
the State Aid newsletter?

* Provide training opportunities on application of the check
storm?

e Present at future conference/meetings?

e Other ideas?

3/11/2026 mndot.gov 34
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Thank you!

Rachel Pichelmann, PE, CFM

Rachel.pichelmann@state.mn.us

3/11/2026 mndot.gov 35
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