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WELCOME TO THE WEBCAST

 To Answer a Poll Question 
 Simply select the preferred option. For those viewing this session alongside several colleagues, respond in a 

manner that represents your organization as a whole.

 Questions and Comments in the Q&A
 Feel free to enter questions any time throughout the presentation using the chat feature. We have designated 

times for moderated Q&A throughout the session.

 We ARE Recording this Session 
 All comments and questions will be recorded and included in the archives.  We will notify you as soon as the 

recording and related resources are loaded on the web.

 We Appreciate Your Feedback
 Fill out our evaluations – our funders need to hear it!
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http://chesapeakestormwater.net/join/

➢Webcasts

➢Monthly Newsletter

➢Fact Sheets and Resources

➢Best Urban BMP in the Bay Awards

➢Trainings and Workshops

➢ It’s Free!

http://chesapeakestormwater.net/join/


TODAY’S AGENDA

 Setting the Stage

 Intro to Climate Change Projections and IDF Curves

 Methods for Developing Climate Change-Informed IDF Curves

 Results and Tool Demonstration

 Audience Q&A



https://chesapeakestormwater.net/climate-change-and-stormwater-management/

https://chesapeakestormwater.net/climate-change-and-stormwater-management/


OPENING POLL QUESTIONS

Tell us a little about yourselves…who are you representing today?

▪ Local government

▪ State government

▪ Federal government

▪ Private sector

▪ Non-profit

▪ Academia

▪ Other…tell us in the chat box



OPENING POLL QUESTIONS

Which of the following best describes what you’re looking for today

o I want to understand how the climate change-informed IDF curves were 

developed

o I just want to know what the results look like

o I am interested in learning about the tool so I can explore the results myself

o Some combination of the above

o Other… please let us know in the chat



OPENING POLL QUESTIONS

Have you or your organization worked with climate projections for stormwater 

planning?

▪ No, these are too difficult for our organization to implement

▪ No, but this is an emerging priority/area of interest

▪ Yes, I’ve/we’ve worked with average climate projections 

▪ Yes, I’ve/we’ve worked with multiple climate projections 

▪ Other – please let us know in the chat 
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Changes in precipitation
The Chesapeake Bay has 
experienced increases in extreme 
precipitation over the past decade, 
and increases are projected to 
grow by 2100.

Projected change in avg annual number
of days with precipitation above 3” 
(2036-2065, High Emissions Future) 

Source: https://www.midatlanticrisa.org/data-tools/climate-data-tools/extreme-precipitation-projected.html

Percent change compared to 
1976-2005 average
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Introduction



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. 

Image via Adobe Stock/Reddogs
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IDF 
curves
Intensity-duration-
frequency (IDF) curves are 
typically based on 
statistical analyses of 
historical rainfall.
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NOAA’s Atlas 14 is the primary 
source of IDF curves

For many locations, 
NOAA’s Atlas 14 is 
the primary source 
of IDF curve values 
used for planning 
and design.

For the majority of 
the Chesapeake Bay 
Watershed, Atlas 14 
does not incorporate 
data after 2000.

Atlas 14 also relies 
on assumptions of 
stationarity.
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But research shows that for 
some locations, Atlas 14 may be 
underestimates, not only for 
future precipitation events, but 
for recent ones as well.

Introduction



Though a limited example, this figure shows a larger number of extreme 
rainfall events occurred compared to the Atlas 14 expected count.

Comparison of the observed 24-hour rainfall events in the Negley Run 
Watershed (PA) from 2003-2018 (total) to Atlas 14 estimates (expected)
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3.9
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4.4
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4.9

Expected return interval/depth (inches)

Fischbach et al. (2020) https://www.rand.org/pubs/research_reports/RRA564-1.html

Introduction

https://www.rand.org/pubs/research_reports/RRA564-1.html


Building climate 
change-informed IDF 
curves
We developed future-projected IDF 
curves for the entire Chesapeake Bay 
Watershed and Virginia and are 
hosting them on a web-based tool.
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Projected IDF Curve Tool
More resilient 
infrastructure
Incorporating 
climate change into 
IDF curves means 
that infrastructure 
designed using 
these curves should 
be more resilient to 
future precipitation 
events.

User-friendly tool
Based on the best 
available science, 
the tool is 
conceptually simple 
and uses 
transparent data, so 
it is easy to use and 
easy to understand. 

Supports diverse 
policy considerations
Because there is no 
single best estimate, 
the tool provides an 
uncertainty range, 
which the user can 
explore to make the 
best plans possible 
for their agency. 

Methods



Data and Methods
Data selection
Methods

• Step 1: Station-based Atlas 14 IDF curves

• Step 2: Downscaled climate model data IDF 
curves

• Step 3: Climate-change informed IDF curve 
change factors

• Step 4: Uncertainty bounds for IDF curve 
change factors

• Step 5: County-level change factors with 
uncertainty bounds Image via Adobe Stock/Kristina Blokhin

Methods



Our primary data sources include
• Station-based Historic Precipitation Data

• National Weather Service (NWS) Cooperative 
Observer Program Network (COOP)

• Modeled Precipitation Data
• Bias-Corrected Constructed Analogs, version 2 

(BCCAv.2)
• Multivariate Adaptive Constructed Analogs 

(MACA)
• Localized Constructed Analogs (LOCA)
• North American branch of the Coordinated 

Regional Downscaling Experiment (NA-CORDEX)

Methods



Daily and hourly station-based 
precipitation data
Daily precipitation records for 480 base sites, criteria include: 

• Used in NOAA Atlas 14 Volume 2 or Volume 10; 

• Contain a data record from ~1950-2019; 

• Have less than 5% of daily precipitation data missing. 
Hourly precipitation records for 85 sites:

• After 2014: NOAA NCEI COOP-Hourly Precipitation Data 
(HPD) Version 2 

• Before 2014: NCEI’s HPD 

• NCEI Surface Data Hourly Global (DS3505) for NWS 
Automated Surface Observing System stations 

Methods



Downscaled climate model 
datasets
• Global climate models (GCMs) provide modeled historic 

and project future estimates of precipitation at coarse 
spatial scales

• These estimates are available:
• From 1950-2100 
• For 35 global climate models 
• Under a range of scenarios of future atmospheric 

greenhouse gas concentrations (i.e. Representative 
Concentration Pathway, RCP).

• Downscaled climate data offers higher spatial and, in 
some cases, temporal resolution, but a range of methods 
exist.

Methods



Downscaled climate model datasets
Dataset Spatial resolution Downscaling method

Bias-Corrected Constructed 
Analogs, version 2 (BCCAv.2) 7.5 miles Statistical

Multivariate Adaptive 
Constructed Analogs (MACA) 2.5 miles Statistical

Localized Constructed Analogs 
(LOCA) 3.7 miles Statistical

North American branch of the 
Coordinated Regional 

Downscaling Experiment 
(NA-CORDEX)

15.5 miles
31 miles Dynamical

Methods



Data and Methods
Data selection
Methods

• Step 1: Station-based Atlas 14 IDF curves

• Step 2: Downscaled climate model data IDF 
curves

• Step 3: Climate-change informed IDF curve 
change factors

• Step 4: Uncertainty bounds for IDF curve 
change factors

• Step 5: County-level change factors with 
uncertainty bounds Image via Adobe Stock/Kristina Blokhin

Methods



Step 1. Station-based Atlas 14 IDF 
curves
Our goals were:
• Replicate the approaches taken to derive Atlas 14 

values available from NOAA’s PDFS
• Make sure methods used in this study are 

comparable to Atlas 14

Methods



Step 1. Station-based Atlas 14 IDF 
curves
Following Atlas 14, our we carried out the following:
• Generate partial duration series (PDS)
• Use L-moments to fit a generalized extreme value 

(GEV) to each station’s PDS
• Calculate rainfall amounts corresponding to 2-, 5-, 

10- 25-, 50- and 100-year storms for 1- to 24-hour 
durations

• Follow regional L-moments procedure on station 
data, incorporating neighboring stations

Methods



Step 1. Station-based Atlas 14 IDF 
curves
• Differences between our 

approach and Atlas 14 values 
were generally small and 
values within the published 
Atlas 14 confidence intervals.

• Note that the values that are 
ultimately shown in the online 
tool are taken directly from 
Atlas 14.

Methods

Differences between 1-day Atlas 14 and project 
computed recurrence interval rainfall amounts



Data and Methods
Data selection
Methods

• Step 1: Station-based Atlas 14 IDF curves

• Step 2: Downscaled climate model data IDF 
curves

• Step 3: Climate-change informed IDF curve 
change factors

• Step 4: Uncertainty bounds for IDF curve 
change factors

• Step 5: County-level change factors with 
uncertainty bounds Image via Adobe Stock/Kristina Blokhin

Methods



Step 2. Downscaled climate model 
data IDF curves
We followed methods from Step 1 to IDF curves for the 
historic (1950-2000) and two future (2020-2070, 2050-
2100) periods.
Our process included:
• For each downscaled climate model dataset, grid 

cell, GCM and RCP:
• Generate PDS;
• Parameterize GEV with the L-moments method;
• Estimate the 24-hour precipitation amounts for 

2-, 5-, 10-, 25-, 50- and 100-year storms.

Methods



Step 2. Downscaled climate model 
data IDF curves
Additional analyses found:
• L-moments performed well 

compared to other 
commonly used methods*;

• Single grid L-moments 
approach were found to be 
on average the same as the 
regional L-moments.

*Maximum Likelihood Estimator (MLE) 
and the Generalized Maximum Likelihood 
Estimator (GMLE) methods

Methods

Ratio of change factors calculated with regional L-moments 
to single grid L-moments for NA-CORDEX (RCP 8.5, 2050-

2099) (y-axis) for each recurrence interval (x-axis)

NOTE: The y-axis shows the ratio of the change factor calculate 
with the regional L-moments approach compared to the single-grid 

L-moment.



Data and Methods
Data selection
Methods

• Step 1: Station-based Atlas 14 IDF curves

• Step 2: Downscaled climate model data IDF 
curves

• Step 3: Climate-change informed IDF curve 
change factors

• Step 4: Uncertainty bounds for IDF curve 
change factors

• Step 5: County-level change factors with 
uncertainty bounds Image via Adobe Stock/Kristina Blokhin
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Step 3. Climate change-informed 
IDF curve change factors
We calculated change factors across downscaled 
datasets for each:
• grid cell
• future time period
• greenhouse gas emissions scenario (RCP), and 
• return period
Change factors are based on the quantile delta method 
(QDM) in which changes between historic and future 
values are estimated separately by quantiles.

Methods

𝑐ℎ𝑎𝑛𝑔𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =
future IDF curve value
historic IDF curve value



Step 3. Climate change-informed 
IDF curve change factors
Change factors offer several advantages:
• Are widely used and conceptually simple to 

understand
• Can be applied to Atlas 14 values
• Avoid some of the complexities of other approaches

Methods



Step 3. Climate change-informed 
IDF curve change factors
Change factors assume changes in 24-hour 
precipitation events are scalable across durations.
• More research is needed to better understand and 

detect changes in hourly extremes compared to 
daily extremes in GCMs

• Previous analysis show that for selected cities in the 
broader region one-hour and 24-hour duration 
change factors are virtually equal

• Our own analysis revealed that this assumption was 
still appropriate

Methods



Step 3. Climate change-informed 
IDF curve change factors
• We compared change factors across all four 

downscaled climate model datasets
• We found that BCCAv2 and MACA produced results 

inconsistent with known regional patterns
• LOCA and NA-CORDEX are included in final change 

factors in the online tool.

Methods



Data and Methods
Data selection
Methods

• Step 1: Station-based Atlas 14 IDF curves

• Step 2: Downscaled climate model data IDF 
curves

• Step 3: Climate-change informed IDF curve 
change factors

• Step 4: Uncertainty bounds for IDF curve 
change factors

• Step 5: County-level change factors with 
uncertainty bounds Image via Adobe Stock/Kristina Blokhin

Methods



Step 4. Uncertainty bounds for IDF 
curve change factors
Uncertainty in the IDF curve change factors resulted from: 
• L-moments statistical fitting technique, 
• downscaling methods, 
• GCMs, 
• future greenhouse gas concentration scenario (RCP).
Uncertainty bounds for change factors were calculated from:
• Parametric bootstrapping used to calculate uncertainty from L-

moments method
• For each downscaling method, GCM and RCP, we calculated a 

distinct change factor
To represent this uncertainty, we produced the median, 25th, 75th, 10th 
and 90th percentile change factors for each grid cell, RCP and return 
period.

Methods



Our IDF curve tool presents this uncertainty range for users

Results



Data and Methods
Data selection
Methods

• Step 1: Station-based Atlas 14 IDF curves

• Step 2: Downscaled climate model data IDF 
curves

• Step 3: Climate-change informed IDF curve 
change factors

• Step 4: Uncertainty bounds for IDF curve 
change factors

• Step 5: County-level change factors with 
uncertainty bounds Image via Adobe Stock/Kristina Blokhin
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Step 5. County-level change 
factors with uncertainty bounds
• Area-weighted average of the change 

factors for the grid cells or portions 
of grid cells within county 
boundaries. 

• An additional analysis found low 
variance across grid cells within a 
county.

Methods

County-level change factors for the CBW 
projected by the ensemble median of all 

GCMs in each dataset for both future 
periods under RCP 4.5



https://midatlantic-idf.rcc-acis.org/

Results

https://midatlantic-idf.rcc-acis.org/


Questions?

Contact: Michelle Miro
Michelle_Miro@rand.org

Presentation template via SlidesCarnival

https://www.slidescarnival.com/category/free-templates


PLEASE TAKE OUR SURVEY!

https://www.surveymonkey.com/r/climate_IDF_curves

https://www.surveymonkey.com/r/climate_IDF_curves


WHAT’S COMING NEXT?
REGISTER HERE: HTTP://CHESAPEAKESTORMWATER.NET/EVENTS/CATEGORIES/WEBCASTS/

AUGUST 31ST (12PM): 

COMMUNITY-LED PROJECT PLANNING

SEPTEMBER 8TH (12PM):

INCORPORATING EQUITY INTO GREEN INFRASTRUCTURE PLANNING

SEPTEMBER 15TH (12PM):

GROWING YOUR WATERSHED STEWARDSHIP PROGRAM

http://chesapeakestormwater.net/events/categories/webcasts/

