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Outline
• Background
• Present Precipitation 
• Bulletin 75 Illinois Department of Commerce and 

Economic Opportunity (coordinated by IDNR), 2017-2019

• Future Precipitation
• Northeastern Illinois NOAA, 2015 & USACE, 2016
• Northeastern United States and Texas NOAA, 2017-2020

• Summary



Rainfall Frequency vs. Rainfall Forecasting

Rainfall Frequency Estimation

• HOW MUCH? 
• HOW OFTEN?

Rainfall Forecasting

• HOW MUCH?
• WHEN?



Rainfall Frequency vs. Rainfall Forecasting
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Rainfall Forecasting

• HOW MUCH?
• WHEN?

Used for long-term planning, mapping, design (highways, airports, 
urban drainage, flood protection) and other applications.



Bulletin 75
Frequency Estimates for Illinois

• Bulletin 75 is a report published by ISWS 
(2020) containing tables and figures with 
expected rainfall amounts for selected storm 
durations and return periods (for example, the 
24-hour, 100-year storm for a site in Illinois).
• Bulletin 75 is used by many federal, state and 

local agencies and consulting companies in 
Illinois.



Historical progression of rainfall 
frequency standards for Illinois

• 1961: Weather Bureau: TP-40 (Hershfield, 1961) Data: 1900-1958

• 1989: Bulletin 70 (Huff and Angel, 1989) Data: 1900-1983

• 2004: NOAA Atlas 14 (Bonnin et al., 2004) Data: 1900-1999

• 2020: Bulletin 75 Data: 1948-2017

(https://www.ideals.illinois.edu/handle/2142/106653)

https://www.ideals.illinois.edu/handle/2142/106653




Observed trends in frequency of 
heavy storms in Illinois



Change in the top 1% of extreme precipitation (the 99th percentile)

https://science2017.globalchange.gov/



Stationarity of heavy rainfall
• Traditional assumption: Future variability will be like past 

variability. This assumption is called “stationarity.” 

• In the light of observed changes in precipitation, assumption of 
stationarity may not be adequate for precipitation frequency 
analysis.



Data Preparation

• Use 1948-2017 data to better represent 
the current, wetter climate
• Three times as many stations are available 

from 1948 onward
• Included a Bulletin 70 style adjustment to 

account for the increasing trend in heavy 
rainfall events



176 Daily Precipitation 
Stations 1948-2017



73 Hourly Precipitation 
Stations 1948-2017



Process

• Obtained and QC’d the data
• Selected stations based on availability and length of 

record

• Calculated the expected precipitation at selected 
return periods and durations using L-moments 
before adjusting it for trend



Process

• Adjusted the results from the annual maximum 
series (AMS) into a partial duration series (PDS) 
using a standard approach (Langbein’s equation 
(1949))
• Converted the constrained data to unconstrained 

data using standard conversions



Conversion Ratios

5-minute/1-hour 10-minute/1-hour 15-minute/1-hour 30-minute/1-hour

0.255 0.447 0.574 0.787

Ratios used to calculate sub-hourly frequency estimates based on the known hourly estimates, x-minute/1-hour

Factors used to calculate frequency estimates for recurrence intervals less than 2 years based on the known estimates for 2 years recurrence interval.

2 months to 
2 years

3 months to 2 
years

4 months to 2 
years

6 months to 2 
years

9 months to 2 
years

1 year to 
2 years

0.470 0.538 0.590 0.672 0.762 0.830

Factors used for X-hour to 24-hour conversions

Storm Duration (hrs) 1 2 3 6 12 18

X-hr/24-hr Ratio 0.47 0.58 0.64 0.75 0.87 0.94



Process … 

• Averaged 
the station 
frequency 
values into 
a regional 
frequency 
analysis 
(RFA)



Adjustment for Nonstationarity

• Included a heuristic Bulletin 70 style 
adjustment to account for the increasing 
trend in heavy rainfall events.



Adjustment for Nonstationarity

• Ratio of the 1983-2017 RFA divided by the 1948-
1982 RFA



Confidence Intervals for NE Illinois
(example)



Final Table (Example for NE)





Bulletin 75 vs. Bulletin 70 
(100-Yr, 24-Hour Storm)

Bulletin 70 Bulletin 75

The increase in NE Illinois is between 13% and 14%



Future projected rainfall frequency

• No observed data
• Climate models generate data based on different 

modeling assumptions and for a range of climate 
scenarios.
• Higher uncertainty



• Volume I of the NCA4 

• Annual Precipitation will continue 
to increase (medium confidence)

• Heavy precipitation events will 
increase in frequency and 
amounts (high confidence)

https://science2017.globalchange.gov/



The Northeastern United States
(project funded by NOAA)

• Quasi-stationary1
• Moving-window approach

• Nonstationary2
• Frequency distribution parameters are a function of 

time and other covariates

• 1) Markus, M., Angel, J. R., Byard, G., McConkey, S., Zhang, C., Cai, X., Notaro, M., and Ashfaq, M. (2018).  
“Communicating the impacts of projected climate change on heavy rainfall using a weighted ensemble 
approach.” J. Hydrol. Eng., 23(4): 04018804. 

• 2) Coles, S. An Introduction to Statistical Modeling of Extreme Values (Springer, London, 2001)



The Northeastern United States
(project funded by NOAA)



Average modeling results for 100-year return period event for scenarios RCP 4.5 
and RCP 8.5 for daily data. The results are expressed as a percent (%) increase with 
respect to 1975.

For QS, a 50-year moving window method was used
FOR NS average climate projections and station elevations were used as covariates

Northeastern United States



FOURTH NATIONAL CLIMATE ASSESSMENT

Projected change in the 20-year return period amount for daily 
precipitation for mid- (left maps) and late-21st century (right maps). 



Gaps in Existing Knowledge

Tools for balancing the costs of 
underpreparing versus 
overpreparing for storms/floods 
in a future that may not be well 
predicted by the past are needed. 



Summary

• We need to continue with studies and assessments of 
the changes in frequency of extreme events using 
observational and climate modeling data.
• We need to design ways to reduce the uncertainty in 

future projected rainfall and statistical models so that 
they can be incorporated in our management decisions 
with higher confidence.
• Development of climate models and downscaling methods
• Development of methodologies for analysis of nonstationary 

precipitation data



Questions/comments?

Email: mmarkus@Illinois.edu


