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Precipitation Data

Heavy rainfall and design frequencies have been increasing over the past 50 years.

lllinois Precipitation Frequencies
Observed Number of Extreme Precipitation Events ) Comparison
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Source: lllinois State Water Survey
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Challenges

Engineering design uses historic data to design infrastructure
expected to persist for 25 to 100 years in the future.

Our climate is non-stationary. Past records do not contain all the
possibilities of extremes or trends of the future.

This is the equivalent of only using the rear-view mirror when driving formard,
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Design Principles
To create climate resilient infrastructure, engineers can use

climate model projections to evaluate how future precipitation
trends will impact infrastructure.

Design life: how many years we expect infrastructure to function.

Design Life  Climate Projection

Infrastructure (years) (year)
Buildings 100 2100
Roads (major) and bridges 50 2070
Roads (minor) and parking lots 25 2050

Sewers 75 2100
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Climate Model Tools

1.5. Department of Transporiation

™/ Federal Highway Administration

Office of Planning, Environment, & Realty (HEP)

About Programs Resources Briefing Room Contact Search FHWA

Planning | | Environment I l Real Estate I

I HEP I lEvents I I Guidance I I Publications ‘ [ Glossary I I Awards I I Contacts

Sustainability

Resilience
» Adaptation Framework
P Case Studies

* Ongoing & Current
Research

» Pilots

* Policy & Guidance
¥ Publications

» Tools

» Webinars

» Workshops & Peer
Exchanges

» Related Links

FHWA — Environment — Sustainability — Resilience

Tools

Climate Change Adaptation

« CMIP Climate Data Processing Tool Version 2.1 (2020) for a new version of the tool that

uses the CMIPS LOCA downscaled dataset.

e View a webinar about the tool (2021).
o CMIP Climate Data Processing Tool (2016/2018):

HTML User Guide | PDFam (2.5 MB) | Tool for CMIP3 Data (Excel file, 23.7 MB) Tool for
CMIPS Data Version 1.4 (Excel file, 60.9 MB) (October 2018) | Spreadsheet tool that
processes downscaled climate projections from the World Climate Research
Programme's Coupled Model Intercomparison Project (CMIP) CMIP3 and CMIP5
databases into relevant statistics for transportation planners, including changes in the
frequency of very hot days and extreme precipitation events that may affect
transportation infrastructure and services by the middle and end of the century.

Future conditions
precipitation data

 Federal Highway

Administration
(FHWA) Coupled
Model
Intercomparison
Project (CMIP) tool

« 21 climate scenarios
for CMIP5

Source: FHWA https://www.fhwa.dot.gov/environment/sustainability/resilience/tools/
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Climate Model Tools

Example of CMIP output
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CLIMATE DATA PROCESSING TOOL 2.1

Account Information

Email Aadress’

Ermad addres

Calculation Periods

From

Baseline Period*
1960

Projected Period’ 2060

[ inchade Raw Data Resun

Job Name

Colorado RCP8S

[ inchude infinity

Captcha Code lantispam)” (sse seniiive

EMAL ADDRESS

BASELINE T™ME
PERIOD

INCLUDE INFINITY

Unit
Precipitation

46 Average Total Annual Inches
Precipitation

47 "Very Heavy" 24-hr Inches
Precipitation Amount
(defined as 95th
percentile precipitation)

48 "Extremely Heavy" 24-hr Inches
Precipitation Amount
(defined as 99th
percentile precipitation)

49 Average Number of times
Baseline "Very Heavy"
Precipitation Events per
Year

50 Average Number of times
Baseline "Extremely
Heavy" Precipitation
Events per Year

Observed Value -
Baseline Period
(1960 - 1999)

16.40

0.55

1.21

5.83

1.18

Projection Value -

Projection Period
(2060 - 2099)

16.79

0.60

1.30

6.37

1.40

Source: FHWA https://www.fhwa.dot.gov/environment/sustainability/resilience/tools/
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Climate Model Tools
Argonne National Laboratory: Risk & Resilience Portal (ClimRR)

ClimRR Report for Precipitation

i Precipitation is any liquid or frozen water that forms in the !
‘atmosphere and falls back to the Earth. All values are calculated as !
i 24-hour periods.

{ This report refers to: 41.78, -88.24

Mid-Century Precipitation Analysis: The historical annual total

i precipitation is 31.17 inches. Under RCP 8.5 the annual minimum
precipitation at mid-century is 35.81 inches which represents a 4.64 |
iinch change from the baseline. |

{Mid-Century Precipitation Analysis, Days Without Measurable |
iPrecipitation: The historical longest consecutive number of daysi
1without precipitation 24.00 days. Under RCP 8.5 the longest stretch:
iof days without precipitation at mid-century is 24.33 days whlch
represents a 0.33 day change from the baseline.

'
i P

End-Century Precipitation Analysis: The historical annual total
precipitation is 31.17 inches. Under RCP 8.5 the annual minimum

PreCIpltOtlon (InCheS) - Difference in Annual precipitation at end-century is 38.63 inches which represents a 7.45
Total — End-Century RCP4.5 and End-Century inch change from the baseline. ;
RCP8.5

End-Century Precipitation Analysis, Days Without Measurable
! Precipitation: The historical longest consecutive number of days
without precipitation 24.00 days. Under RCP 8.5 the longest stretch
Lof days without precipitation at end-century is 19.67 days which

Source: www.anl.gov/ccrds/ClimRR/ R e ey e



http://www.anl.gov/ccrds/ClimRR
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Climate Model Tools

US Army Corps’ Strategic Environmental Research and Development Program (SERDP)
Intensity-Duration-Frequency Curve tool

133 1.53 1.81 2.19 2.60 3.02 342
1.54 1.79 2.14 2.61 3.12 3.65 415
1.66 192 2.32 2.84 3.41 4.01 457
1.98 2.29 2.78 3.47 4.27 5.13 5.98
2.29 2.64 3.18 3.94 4.82 5.76 6.69
2.69 3.26 417 495 6.17 7.26 8.49
3.10 375 473 5.58 6.89 8.04 9.35
3.30 3.97 4.96 5.84 7.20 8.40 9.80
3.50 4.19 5.20 6.10 7.51 8.75 10.24
4.06 4.83 5.88 6.84 8.29 9.57 11.09
4.58 543 6.55 7.59 9.10 10.46 12.03

Source: https://precipitationfrequency.ncics.orq/




Climate Model Tools
Future Climate Precipitation-Frequency Tool

“\l) ClimateEVA

7 2 r S o=
Cell: -87.46875, 41.53125 * Western Springs  Lyons® | b 58%! . P
/,@'9«“4 Future Climate Precipitation-Frequency
wners Grove
Recenter ///
i) 24-hr Precipitation-Frequency
'
usties Burbank
: : —e— NOAA Atlas 14
Hickory Hills 15 NOAA Atlas 14 (upper 90% CI)
'_ i Oak Lawn NOAA Atlas 14 (lower 90% CI)
R = RCP-4.5
4 —
Worth £ —e— RCP-8.5
21 5 10
2 o 3 | Palos Park TN Alsip g
/ ( g . NQ [ Blelsiand~ =7 — = e = s
meoville / ‘&" | "ﬁr—\‘\ IE o S s
e ) e \ES Dolton ¥ 3 LIS ™ Eatt( & s
! Orland Park | Posen i S} I
( Midiothian el Y ) : ,,L
] 1 o Calumet City~2 s/
\ & Homer Glen — Fose A South Holland ! =35 10 25 50 100 200 500 1000
Lockport % L o % . gh i
Y % Orlsnd il > L B Siate rmay) “xHammond i
a% 4 P Toliey— o g Return Period (years)
% = Lansing |~
st Hill % A 7 Homewgod ‘ (X Hic
i/ e ST ar M | | Atlas-14 24-hr Precipitation-Freque! Future:Baseline Future Climate
f Flossmoor Glenwood ¥ P qpengy
Y e = | 4 [ - :
& e Nekana » (31" i Lynwoodl X . T (yrs) Depth (in) Upper 90% ClI (in) Lower 90% CI (in) RCP-4.5 RCP-8.5 RCP-4.5 (in) RCP-8.5 (in)
PN A i
New Lenox S Matteson ChicagdFiaighte® A | 2 2732 3.057 2456 1.079 1127 2.949 3.080
- UL a
Frankfort > 2 SalicVilage: b Dye_r 5 3.728 4.165 3.341 1.081 1.140 4.028 4.250
it Park Forest |
AN i Sche 10 4474 4984 3.99 1.087 1.157 4862 5175
! «
B }
é 2 5 { S J' 25 5533 6.157 4.89 1.101 1.187 6.089 6.567
/A r £ ! aint Jc
University Park. (5 e & ‘ 50 6.418 7.143 5626 1116 1216 7.160 7.805
Manhattan liMonee. 5 100 7.392 8.236 6.411 1.135 1.252 8.390 9.254
b Iy 200 8.474 9.462 7.25 1.159 1.295 9.825 10.972
/ |
7 1 500 10.09 11.335 8.469 1.200 1.364 12.106 13.766
Witton i
©MapTiler © OpenStreetifap contributors 1000 11482 12,973 9477 1237 1428 14207 16400

www.wsp.com/en-us/hubs/future-ready



https://www.wsp.com/en-us/hubs/future-ready

Solutions &
Resilience




Solutions - Bridges and Culverts

Is the data to determine flows
and overtopping elevation

16

outdated?

Should the structure be
elevated?

Is the road an evacuation route?

Does this road provide access to
a critical facility?

What do future conditions look
like based on the design life?

;l“
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Solutions - Levees, Flood Walls, and Berms

 |sthe data to determine flows
and overtopping elevation
outdated?

« What benefit would be achieved
If the structure is raised? Is it
cost-effective?

« Does the structure protect a
critical facility?

« What do future conditions look
like based on the design life?

17



Solutions - Sewers

Storm sewers are designed using the
10-year rainfall value

Design life is 75 years
Because of the lag in updating design

values, sewers may be undersized to
convey today’s rainfall

18



Solutions - Sewers (cont.)

If a sewer is desighed and built in
2018, the 1989 data would be used
because that's the most recent
data available.

Yet, when the data is updated the
following year, the sewer is
expected to handle those
increased flows.

Based on the design life, the
sewer is expected to last until
2093 and convey 2050 flows.

19

S P N W P~ 01 O N oo

10-Year Precipitation
Comparison

DA

7

1961 1989 2019 2050 2100

t t

Design Actual



Solutions - Sewers (cont.)

Trunk sewer lacking future capacity

Run the design
computations with the
future condition
precipitation to evaluate
which pipe segments will
lack capacity in the future.

To minimize costs, only
pipe segments lacking
capacity should be

upsized or increased slope.

20



Solutions - Stormwater Detention Basins

Designed for the 100-year, 24-hour
storm event

Design life is 25+ years

Typically surrounded by buildings and
roads with little opportunity for
expansion

Undersized when the design storm

~—

INCcreases

For existing basins, retrofit the

overflow weir to handle future flows .
Overflowweirs

For proposed basins, size the overflow

weir to handle future flows

etk lie 20 A
" 1 N !
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Solutions - Floodplain Mapping

Future floodplain maps can be created
using future precipitation values
utilized in existing hydrologic and
hydraulic models.

Uses:

Set-backs of critical buildings
Hazard mitigation needs
Infrastructure vulnerability
study

22



Resilience

« Analyze the feasibility of retrofitting
* Quantify the costs of retrofitting
« Elevating or floodproofing a building later can be cost
prohibitive
« Will elevation constraints allow for retrofits?
* Analyze the cost of temporary loss of use (critical facility)
« Quantify the costs of repair or rebuilding
* Quantify the costs to build to withstand future conditions now

« Upsizing sewer pipes is a small percentage of the overall
project cost

* |ncreasing sewer slope costs little to nothing

23



Resilience

Limit property and infrastructure damages

Limit economic losses

Avoid loss of essential services (utilities)

Avoid loss of function of critical facilities and roads
« Displacements, disruptions
« Road closures, detours

Reduce costs to repair or rebuild from more frequent and/or
extreme events

Responsible spending of taxpayer money

Maintain credit rating for bonds

24
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Regulatory Requirements
Federal Flood Risk Management Standard (FFRMS)

« Reinstated on May 20, 2021, in Executive Order 14030 Climate-
Related Financial Risk

* Climate-Informed Science Approach
Hazard Mitigation Plans (Local and State Guides)

« Climate change increases the frequency, duration and intensity
of natural hazards

« Address climate change in its risk assessment and includes
adaptation actions in its mitigation strategy to reduce risk to
current and future events

Source: www.fema.gov/sites/default/files/documents/fema_local-mitigation-planning-
policy-guide_042022.pdf

26
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Regulatory Requirements

Bipartisan Infrastructure Law - Promoting Resilient Operations for Transformative,
Efficient, and Cost-Savings Transportation (PROTECT) Formula Program

Planning grants to enable communities to assess vulnerabilities to current and
future weather events... and changing conditions... on transportation systems

Plan improvements and response strategies to address vulnerabilities

Climate Change and Sustainability

Resilience Improvement Plans
« Reduce greenhouse gas emissions; use nature-based solutions and
sustainable materials
References:
« FFRMS: redefining base flood to account for future climate conditions
« CMIP tool
« SERDP Intensity-Duration-Frequency Curve tool

Source:
www.fhwa.dot.gov/environment/sustainability/resilience/policy_and_guidance/protect_formula.pdf



Regulatory

lllinois National Pollutant Discharge Elimination System
(NPDES) Permit No. ILR40

5. Post-Construction Storm Water Management in New
Development and Redevelopment

b. Strategies shall be amenable to modification due to climate

change. https//www.epa.gov/climate-change-water-sector

e. il. C. Evaluation of existing flood control techniques to
determine potential impacts and effects due to climate change

kK. Water quality impacts... due to climate change
Source: https://external.epa.illinois.gov/WebSiteApi/api/PublicNotices/GetDocument/15677

28
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Summary

Climate model data is available to use for designing
infrastructure to withstand future conditions

Federal and state programs are endorsing climate resiliency
be addressed in infrastructure design

Local governments could provide guidance to use of future
precipitation values for design in technical guidance so that
they are applied consistently

29
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Q&A

Kristina Murphy

Certified Floodplain Manager

Certified Climate Change Professional

Lead Consultant, Water Resources Engineer

Kristina.Murphy@wsp.com
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