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Mid-Atlantic Regional Integrated Sciences and Assessments
(MARISA) Program

MARISA is a NOAA-funded research program that brings [ Chespeae Bywatenned
together diverse disciplines and sectors to enhance learning T s

and decision making to prepare for the impacts of climate
variability and change.

Our team includes researchers from: the RAND Corporation,
Penn State University, Johns Hopkins University, Cornell
University, and the Virginia Institute of Marine Science

Mission: Helping Mid-Atlantic communities become more
resilient to a changing climate through improved data,

place-based decision support, and public engagement

Initial focus on the Chesapeake Bay watershed

p MARISA

a NOAA Mid-Atlantic RISA team




Project Motivation

* Over the past decade, the Chesapeake
Bay Watershed has experienced
Increases in extreme precipitation.

* Increases in heavy rainfall events are
anticipated to continue over the next
several decades and grow by mid to late
215t century.

To design and build infrastructure assets
to withstand anticipated future
precipitation conditions, design standards
should reflect future precipitation
projections and not solely be based on
historical precipitation records.

Projected Change in Average Annual
Number of Days with Precipitation above 3”
(2036-2065, High Emissions Future)

Percent change compared to 1976-2005 average

0% I 0%

Fischbach et al., 2018. https://www.midatlanticrisa.org/climate-summaries/2018/11.html|



https://www.midatlanticrisa.org/climate-summaries/2018/11.html

This project will develop future projected IDF curves for the
entire Chesapeake Bay Watershed and host them on a
web-based tool

1. Data collection

e Station data - National Weather Service Cooperative Observer Program
* Climate model data - NA-CORDEX, BCCA, MACA, LOCA

2. Downscaling projected precipitation extremes
* Dynamical and statistical

3. Downscaling method evaluation and uncertainties
* Examine downscaling methods and datasets for bias and outliers

 Examine range of projected precipitation values across GCMs and emissions
scenarios

4. Develop probabilistic IDF curves
5. Develop a web-based tool and engage in outreach



Project Outcomes
‘zJ S Mogjéal

IDF Curves - via an interactive webpage:

» Station-specific IDF curves and historical and future 2-, 5-, 10-, 25-, 50-,
and 100-year recurrence interval precipitation amounts computed for 1-,
2-, 3-, 6-, 12-, 18-, and 24-hour durations for the entire CBW.

* The webpage will be hosted on the NRCC website, as well as embedded
in the MARISA website.

* Dataset complete by 2/26/2021, website by 5/21,/2021

Y % ‘ Conn .
Project Report: o .’:‘ ., .o Nar
* This report will detail study motivations, data and metadata, methods, AR ’?ngork
and findings, as well as IDF curve uncertainties and recommendations. e e, A L eaflet
* Draft project report will be submitted to the Urban Stormwater O 24r O 53??3 o@ng Zg.;EoR |§>3yr ® 100-yr
Workgroup on 3/31/2021, final report on 5/21,/2021 Select an EMISSION Select a TIME
out he SCENARIO PERIOD
HHeas ® High RCP 8.5 ° 02010 2099
* An instructional webinar explaining the motivations for the project, the o St i © 2040-2069
results, and how to use the IDF curves and other final products, data, Show NOAA Atlas 14 IDF ® O
and reports, complete on 3/31/2021
* The recorded webinar and a frequently asked questions document will _ . .
be included on the interactive webpage to enhance usability. http://ny-idf-projections.nrec.cornell.edu/

Final deliverables complete on 5/21/2021 and our next webinar to USWG by 5/21/2021


http://ny-idf-projections.nrcc.cornell.edu/
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Informing Resilient Stormwater
Infrastructure Decisions Under
Uncertainty

Constantine Samaras, Tania Lopez-Cantu, Marissa
Webber

Civil and Environmental Engineering,
Carnegie Mellon University
csamaras@andrew.cmu.edu



National And State Agencies Guide Engineers On Selecting

Infrastructure Minimum Return Period
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We Found Some States Are More Stringent Than Others

Within The Same Climate Region

(Lopez-Cantu and Samaras, 2018)

Comparison of State
DOT standards per
Climate Region
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Precipitation Frequency Atlases Are Used To Retrieve Rainfall
Characteristics Associated To A Standard

Technical Paper 40

NOAA Atlas 14
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Update Created Discrepancies Between Old And
New Rainfall Depth Associated To Standards

(Lopez-Cantu and Samaras, 2018)

100 year, 24 hour

TP-40

Design standard change
between Atlas 14 and TP-40

B <55%
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Bl <55%
[ ] Uncovered States

Atlas 14
(Mean)
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Differences for Southeastern Texas Affect Current
Infrastructure

Design standard change
100 year, 24 hour between Atlas 14 and TP-40
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(Lopez-Cantu and Samaras, 2018) TP-40 (Mean)




Publicly Available Downscale Climate Projections Differ In
Characteristics

Downscaled Highest
GCM Emissions spatial resolution temporal Downscaling
Data set models scenario (degrees) resolution technique
BCCAv2 21 2.6, 4.5, 6.0, 8.5 1/8 Daily Statistical
MACA 20 4.5,8.5 1/24 Daily Statistical
LOCA 32 4.5,8.5 1/16 Daily Statistical
NA-CORDEX 6° 4.5, 8.5 0.22, 0.44 Hourly Dynamical

The number of GCM models dynamically downscaled depend on the target resolution and the emissions scenario.

(Lopez-Cantu, Prein, and Samaras, 2020)
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Across 34 US Cities We Found Spatial Scale of
CORDEX Projections Affected IDF Curves

25
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Number of cities where depth of rain
significantly higher

(Lopez-Cantu, Prein, and Samaras, 2020)

Duration [hr]

B 50-km higher
. 25-km higher
I No sig. difference
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For This Project,
We Will Compare
Change Factors
and IDF Curves
Across All Datasets

(Lopez-Cantu, Prein, and Samaras, 2020)

(@) (b)

MACA BCCAv.2

LOCA

NA-CORDEX
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NA-CORDEX
(Low)

Individual dataset representation
of the multi dataset interquartile range (%)

I I
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Projections of Extreme Precipitation Amounts for
Climate Adaptation Planning in New York State

Art DeGaetano

Northeast Regional Climate Center
Department of Earth and Atmospheric Science, Cornell
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Motivation

1950-79 Return Period =
1980-2009 Return Period
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Motivation

NY Climate Risk and Resiliency Act CCRA

* Applies to permitting, funding and regulatory

decisions

For example
Smart growth assessments
Wastewater treatment plant funding
Hazardous waste facilities siting
Design and construction of petroleum and chemical storage
facilities
Oil and gas drilling
State acquisition of open space

* Applicants must demonstrate that they have taken into
account future physical climate risks caused by storm
surges, sea-level rise or flooding.
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Monitoring Extreme Precip Changes

Automated ANNUAL generation of updated
extreme rainfall products.
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Cl Interval Exceedences (%)
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Downscaling




Downscaling Approaches

1) Dynamical Downscaling (CORDEX) (also NARCCAP)

— Regional climate models (RCMs) run at 50-km resolution and
driven by atmosphere—ocean general circulation (AOGCM)
models

2) “Statistical” Downscaling — Delta Method (CMIP5)

— Compares model-simulated precipitation extremes between
historical and future periods (at GCM resolution)

3) Statistical Downscaling — Analog Method (CMIP5)

— Uses historical weather map analogues to predict the
occurrence of extreme precipitation on a given day






Raw CMIP5 No Downscaling vs Obs.

Bias in 1-day 5-year Event by Model
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CORDEX vs. Observed

Bias

Bias in 1-day 5-year Event by Model
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Analog Downscaling

Coarse Similar Historical Observed Future Day
Resolution Observed Days Historical Days (fine) |
Future Date (fine) v

I:Low = b(HlLow) + C(HzLow) + d(H?’Low) + e(H4’Low) +a
Develop statistical relationship
between analog cases b(H1gn) + c(H2y0) + d(H3,,0) + e(H4 ) + @ = Fiygy

Apply statistical relationship high resolution
historical analogs



Analog Method vs. Observed

Bias

Bias in 1-day 5-year Event by Model
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Analog vs Observed Ensemble Mean Bias
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Projected Changes in 1-day 5- and 100-Year Rainfall Amounts
Relative to 1970-1999

RCP8.5: 2010-2039
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Projected Changes in 1-day 5- and 100-Year Rainfall Amounts
Relative to 1970-1999

RCP8.5: 2040-2069
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Projected Changes in 1-day 5- and 100-Year Rainfall Amounts
Relative to 1970-1999

RCP8.5: 2070-2099
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Select a Station Location by Cllcklng Map
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About this Project Numerous studies have documented significant increases
in both the frequency and magnitude of extreme precipitation in the northeastern
U.S. since the mid-to-late 20th century. The most recent assessment from the
Intergovernmental Panel on Climate Change (IPCC) suggests that the frequency
and magnitude of extreme precipitation in this region will likely continue to
increase throughout the 21st century. Such changes could greatly exacerbate the
societal impacts of extreme precipitation in the future. In consideration of these
impacts, the Northeast Regional Climate Center (NRCC) has partnered with the
New York State Energy Research and Development Authority (NYSERDA) to
downscale global climate model output and create extreme precipitation
projections that will ultimately be incorporated into climate change adaptation
planning for New York State. Read more...

Intensity (inches/hour)

1 2 3

I 80% Range of Model Projections
I Observed 90% Confidence Interval

6

Northeast Regional Climate Center - Cornell University

ITHACA

Duration (hours)

= Projected
--- Observed

Intensity Duration Frequency Curves: 100-yr Return Period
RCP 8.5 Projection 2040-2069 vs. Observed (1970-1999)

24

Projected 2040-2069 Intensity
Ensemble Member ©
10" Mean 90t
238 267 308
147 1.65 191
111 125 144
0.69 0.77 0.89
043 048 0.55
0.32 0.36 0.42
027 0.30 034

Observed 1970-1999 Intensity
with Confidence Interval (CI) Bounds &
Low CI Mean High CI
198 231 245
123 143 1.52
0.93 1.08 115
057 0.67 0.71
036 042 044
027 031 033
022 0.26 027

http://ny-idf-projections.nrcc.cornell.edu




Intensity Duration Frequency Curves: 100-yr Return Period
RCP 8.5 Projection 2070-2099 vs. Observed (1970-1999)
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Projected 2070-2099 Intensity Observed 1970-1999 Intensity
Ensemble Member & with Confidence Interval (CI) Bounds &
Duration (hrs) 10t Mean gpth Low CI Mean High CI
1 2.19 2.54 3.18 1.84 2.11 232
2 1.35 1.58 1.97 1.14 1.31 144
3 1.02 1.19 1.49 0.86 0.99 1.09
[ 0.63 0.74 0.92 053 0.61 0.67
12 0.39 046 0.57 033 0.38 042
18 0.30 0.35 0.43 025 0.29 0.32
24 0.24 0.28 0.35 021 0.24 0.26




Probability of Exceeding 7.00 Inches of Precipitation in 24 Hours at NEW YORK CNTRL =
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This project will draw on both portfolios of research to
develop projected IDF curves for the entire Chesapeake
Bay Watershed and host them on a web-based tool

1. Data collection

e Station data - National Weather Service Cooperative Observer Program
* Climate model data - NA-CORDEX, BCCA, MACA, LOCA

2. Downscaling projected precipitation extremes
* Dynamical and statistical

3. Downscaling method evaluation and uncertainties
* Examine downscaling methods and datasets for bias and outliers

* Examine range of projected precipitation values across GCMs and emissions
scenarios

4. Develop probabilistic IDF curves
5. Develop a web-based tool and engage in outreach



Questions and Discussion



Points for Discussion

Future time periods

Projected IDF curves will only be produced for two time periods, 2000-2050 and 2050-2100, in
addition to the 1950-2000 hindcast period. We will work with the Urban Stormwater Workgroup
to determine if we need to adjust these time periods to those in the RFP (2010-2029; 2030-
2049; 2050-2069) since 20-year periods are suboptimal for the estimation of extremes,
particularly those which are expected to occur only once in 50 or 100 years.

Is the USWG okay with our shift in time periods of interest for producing IDF curves? Any
challenges or concerns?



Points for Discussion

Regions of interest

While IDF curves will be generated at the station-level, these will be mapped in the interactive
webpage according to regions of interest determined by the Urban Stormwater Workgroup.

Are there regional levels of aggregation that would be most useful for filter and/or visualizing the
data?



Points for Discussion

IDF Curve data

. formatted and cleaned precipitation data from precipitation
stations and GCM output that will be used for downscaling and
validation;

ii. downscaled projections of future precipitation across the entire
CBW;

iii.  The project team with work with the Urban Stormwater
Workgroup to determine the best means for sharing datasets i)
and ii).

Do you have recommendations on how you’d like to see i) and ii)
shared?



Points for Discussion

Outreach

We will develop additional outreach material based on project
results and evaluation, and stakeholder feedback. This likely to
include presentations at conferences, webinars and
professional meetings and fact sheets.

Are there recommendations on outreach activities, audiences
and/or materials?



! a NOAA Mid-Atlantic RISA team

Thank you!

Michelle Miro (RAND), Krista Romita Grocholski (RAND), Art DeGaetano (Cornell), Costa Samaras (CMU)

Contact: michelle_miro@rand.org
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