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The Significance of Rain Atlases for Aquatic Management ( Part 1)
A critical engineering tool for watersheds and developments in Northeastern Illinois and
throughout the Midwest has been a series of rain atlases created by the Illinois State Water Survey (ISWS) and the state of Illinois’ resident meteorologists'. As of this date there
exists ISWS Bulletin 70, Updated Bulletin 70, Bulletin 71, and Bulletin 75. Each of the atlases has a separate history, uses a slightly different set of data (but builds on previous
data), and is used by the engineering profession for a variety of significant planning exercises. The atlases are important because they initialize the hydrologic analyses used to size
regional infrastructure, gauge flooding influences, determine pollution abatement, and
interface with watershed models. While all of the atlases use rain gauge data they analyze
storm frequencies, duration and spatial distributions with slightly different sets of statistical tools.
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Bulletin 70
Bulletin 70 is specific for the State of Illinois
and has been a critical tool for engineers for
many years. The rain atlases identify rainfall
patterns including: intensity ( how many inches
of rain), duration ( from 5 minutes up to 10
days) , recurrence frequency ( from 2 months to
100 years), and spatial distribution ( as identified in isohyetal maps). Bulletin 70 used data for
an 83 year period (1901 –1983) collected from
61 Illinois precipitation reporting stations as
well as some data from near-by states. Data for
these categories is in the form of frequency
distributions. The isohyetal map in Fig. 1 shows
mapped distributions of inches of rainfall for a
2 year storm event over a 24 hr. period.

Isohyetal Map
Map with estimated lines of
equal rainfall over an area
based on point source measurements.

If we assume that the climate is not going to
change significantly then it makes sense to rely
on historic data. That is the way we behaved for
Fig. 1 Isohyetal pattern for 2 yr.,24a very long period and the atlases were heavily
hr rainfall ( inches) based on 1901relied upon. They were relied upon to the degree
1940 and 1941-1980 data. From
that they were incorporated into statutory requireISWS Bulletin 70
ments by counties and municipal water management entities. Most important , they defined the extreme event (100 yr., 24-hr. storm) for
which infrastructure was designed. Detention and retention basins had to be designed to
handle the 100-yr ,24-hr. storm. Pipes were designed to handle the 10-yr, 24 hr. storm.
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Bulletin 70 (cont.)

Freeboard

Chicago Metropolitan Agency for Planning ( CMAP) publishes a Climate Adaptation Guidebook ( 2013). According to the Guidebook “...sizes or capacities for stormwater infrastructure
calculated using historical rainfall may not be large enough to provide the same level of protection in the future that they do today.” Adaptation measures suggested by the Guidebook
included: adding additional “freeboard” for new construction, modification of floodplain statutes, promoting flood damage risk reduction, promotion of green infrastrucre, modification
of stormwater plans, and modification of Bulletin 70 to anticipate higher extremes of rainfall.
This also meant however, that the older infrastructure would not be able to handle the more
extreme events associated with climate change. Regional exceedance of the 100-year ,24-hr.
design storm and increases in frequency of other storm intensities prompted the ISWS to
update Bulletin 70.

Freeboard Is an additional
measure of safety ( generally 2-3 ft. of elevation) for
building above the base
flood elevation.

Bulletin 71
In 1992 the ISWS published Bulletin 71,
Rainfall Frequency Atlas of the Midwest.
This represented a study of the historic
precipitation patterns for 9 midwestern
states including Illinois and Wisconsin.
The methods employed were similar to
those used in Bulletin 70 but included
a wider series of long-term rain gauges
and daily reporting stations. Information from an 83 year sample of data
( 1901-1983) was used for the study.
Analyses determined recurrence intervals from 2 months to 100 years and
durations from 5 minutes to 10 days.
Notably, part of the rationale for the
creation of this study was an increase in
frequency of extreme storm events
(100-yr, 24 hr events) that were not
predicted by previous studies. Statistical
methods were the same as those used in
the Bulletin 70 study.

Base Flood Elevation
Is the elevation created by
the 100-yr. 24 –hr. storm
event
Special Flood Hazard Area
SFHA is the regulatory
floodplain created by the
100-yr, 24-hr flood

Fig. 2 Isohyetal map of storm intensities ( in inches) for the 100-yr., 24-hr event. As modified
from ISWS Bulletin 71.

Rainfall intensity, as characterized by Bulletin 70, for the 100-yr, 24 hr. storm in Northeastern Illinois was 7.5 inches. Values from Bulletin 71 for central Wisconsin were similar to those for northeastern Illinois. On August 18,
2018 Wisconsin experienced a 12 Inch, 24 hr. rainfall just outside of Horicon Marsh. Just to
the west the rainfall was 15 inches and this rainfall was not localized, it occurred across most
of central Wisconsin. This functionally doubled what had previously been graded as a 6 to
7inch 100 yr.,24 hr storm.
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Bulletin 71 ( cont.)
Narrative descriptions in Bulletin 71
however, do recognize the type of
storm that occurred in central Wisconsin that August. According to Bulletin
71... “These “blockbuster storms generally last from 12 to 24 hours, produce
extremely heavy rainfall over a 2,000-to
5,000-square mile area, and typically
create 10-to 12-inch amounts of rain in
the storm center. Rainfall amounts in
excess of the 100-yr recurrence –
interval commonly encompass areas of
several hundred square miles about the
storm’s center.”
While there is recognition of these
types of storms, the historic data being
used could not include more current
rain gauge data for this particular area.
It has dramatic significance however,
for how we choose storm data for design work and stormwater control.

Link for Aug. 18th Wisconsin Rainfall Event:
Last Week's Flooding and
Severe Weather (Aug 17-27)
https://www.weather.gov/
mkx/
August2018SevereandFlood

Fig.3 Accumulated August precipitation
for Wisconsin in 2018.. From Midwestern
Regional Climate Center

Updated Bulletin 70
The ISWS meteorologists were seeing precipitation patterns change across northeastern Illinois and Illinois generally. They were seeing trending in the direction of more extreme storm
events (the 100-yr., 24 hr. storm) and changes in the frequency and distribution of smaller
but significant storm types. Storms producing over 2 inches had doubled over the last century.
With this recognition and given its importance for planning the ISWS did an “update” of Bulletin 70; Frequency Distributions of Heavy Rainfall in Illinois : Updated Bulletin 70.
The Updated Bulletin 70 used an additional 34 years of data, incorporating rainfall records up
to and including 2017. Precipitation frequencies were developed for storm durations of 1 to
240 hours and for recurrence intervals from 2 to 500 years. The study used the same climatic
sections ( with geopolitical boundaries) as the original study. The original Bulletin 70 presented data in the form of isohyetal maps, the updated study charted frequencies and durations as
climatic sections.

From: Prairie Research
Institute
CHAMPAIGN, Ill., 5/2/19: As
heavy rainstorms become
more frequent and stronger
than in the past, municipal
drainage systems designed
from outdated standards
often fail, resulting in flooding
and financial losses.
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Updated Bulletin 70
A chart (Fig. 4) of
recurrence intervals,
durations and rainfall
amounts is shown
from the updated
Bulletin 70. Data is
given for the Northeast climate sector
which would include
the nine county area
around Chicago. The
value for t he 100-yr,
24-hr storm was
changed from 7.5 inches to
Fig. 4 Recurrence intervals versus rainfall for 1hr. to 240 hr. for
the Northeast Climate Zone in Illinois. From the updated ver8.5 inches. This then
sion of Bulletin 70. Red dot is for 100-yr., 24 hr. storm which is
will have significance
~ 8.5 inches. This is normally regarded as the design storm for
for the design of detention
our region.
basins, pipe sizing, and regulatory changes in flood
plain boundaries. It also has relevance for the performance characteristics of existing large
scale infrastructure such as the Metropolitan Water Reclamation District’s TARP program
which uses deep tunnels and large scale reservoirs. Lake County has cross referenced the
updated atlas as a requirement for their Watershed Development Ordinance.

Fig. 5 Climate Zones
Climate zones used to
evaluate recurrence
patterns for Updated Bulletin 70. Note that no isohyetal maps were created
as part of the updated
Atlas.

The rain gauge data set in the Updated Bulletin 70 incorporates precipitation records from
1948-2017. Statistical adjustment methods were also applied in recognition of trends of
increasing precipitation and more frequent extreme weather events. However, in
2018,2019 and 2020 the Chicago area received annual rainfall in excess of 45 inches. Average rainfall historically had been 34 inches/year. Several years have been above 50 inches.
This begs the question of whether we can continue to depend on historical data for purposes of ongoing design.
Bulletin 70 Update concludes with important caveats: “The changing climate of heavy precipitation observed in Illinois and the Midwest presents a significant challenge for storm
water management. The observed increases noted in this report, along with the expectation
of continued increases over the 21st Century ( Easterling, et.al.,2017), will necessitate more
frequent assessments of precipitation frequency, as suggested by Winters et al (2015).To
help plan for future climate change, this analysis, representing the present time , should be
accompanied with frequency analysis of climate model-generated data for future time horizons.”
The climate models referred to are global atmospheric models ( GAM) rendered in an ensemble protocol. The GAM models are evaluated for their backward looking success and
applied to forward looking predictions for specific areas.
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Bulletin 75

Frequency Distribution

Bulletin 70 and the Updated Bulletin 70 used
methods from other technical publications
dealing with the presentation of rainfall frequencies. The data from an individual rain
gauge is a discrete sample point which is
used to represent a larger spatial area and a
regional time sequence. The data is recorded as a frequency distribution. Bulletin 75
reviews the methods done to evaluate the
spatiotemporal representations as well as
the statistical methods used to interpret the
frequency distributions. It also compared
the ISWS analyses for the 100-yr., 24-hr
storm with other available rainfall analyses
( cf. National Oceanic and Atmospheric
Agency Atlas 14). Determinations of methods to deal with progressively changing
extreme rainfalls were part of the study.

Frequency distribution = t he
number of times that a variable occurs. It can be represented in a table or a chart.

Based on that analysis they identified
“adjustment factors” to be applied to the
Climatic Sections for the State. They also
compared five different methods of analyzing
the rainfall distributions. The methods review
of the study concluded that the region-based
methods used in Bulletin 70 and Updated Bulletin 70 “ is the most consistent among the five
methods for trend adjustment.”

For rain atlases the variables
can be rain depth, storm duration or frequency of occurrence. Most common frequency distribution is the
standard bell-shaped curve.

Fig. 8 Bell shaped
curve for height.

Fig. 6 Rain gauge stations from Bulletin 75.
Each sample point will represent a larger spatial area. Data can be lumped to assess the
whole Climatic Zone or used as a point value to
characterize smaller surface area.

Frequency distributions
don’t always resemble a
symmetric bell-shaped
curve; they can be skewed,
flattened, or even be bimodal.

Fig. 7 Chart for the Northeast Climate Zone (which includes the nine county Chicago area) of
adjusted rainfall durations and recurrence intervals. These values were trend adjusted
based on ISWS statistical methods.
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Current vs. future rainfall distributions
Authors of the atlases emphasize that their products are valid for the existing moment in time
but given climate change trending the atlases will have to be updated with greater frequency.
Also, different modeling methods and weather sensors are being developed that may give us
better regional characterizations in the future. Modeling that uses global atmospheric data and
artificial intelligence methods may replace or supplement the rainfall atlases in the future.
Maps of projected precipitation changes for the Midwest for forthcoming decades are excerpted from the National Climate Assessment.
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