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ABSTRACT

This study examined the spatiotemporal variability associated with 5-/10-day heavy precipitation amounts
for 48 high-quality and long-duration (1900-2018) stations in Illinois. The top five seasonal and annual heavy
precipitation amounts for each duration were determined and examined for each station. Annual and sea-
sonal spatial patterns generally showed a trend of decreasing precipitation amounts as one moved northward
through Illinois. Spatial distributions of the top seasonal amounts exhibited the highest values in boreal spring
and summer, with the lowest values during winter. Temporal analysis of the top five 5- and 10-day amounts
from 1900 to 2018 indicated an increasing trend with a higher frequencies in the 2000-18 period for spring,
summer, winter, and annual time periods (statistically significant for spring and annual). No trend was found
in autumn heavy precipitation occurrence. In addition, heavy precipitation events were examined in the
context of the background atmospheric environment using the Twentieth Century Reanalysis. Event-
averaged precipitable water values were shown to scale linearly with total precipitation in the winter season.
Low-level circulation fields indicate that the most widespread heavy rain episodes occur when a synoptic
anticyclone is positioned off the coast of the eastern United States. Results from this study suggest that design
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values used for hydrologic structures should be reevaluated given recent observations.

1. Introduction and background

April 2013 was unusually wet across Illinois. During the
middle of the month, heavy rainfall occurred on numerous
days leading to widespread record flooding levels along
many central and northern Illinois rivers and noteworthy
economic losses. Five- and 10-day rainfall totals during the
periods 15-19 and 10-19 April identified two southwest-to-
northeast swaths of heavy rainfall exceeding ~150 mm
(Figs. 1a,b). These swaths, which covered about half the
state, inundated low-lying subdivisions, businesses, and
communities, and caused record flooding levels along the
Des Plaines, Vermillion, DuPage, Fox, Spoon, Mackinaw,
and Illinois Rivers (National Weather Service 2013a,b).
Numerous roads in areas experiencing heavy rainfall
were impassible for several days, including parts of In-
terstate 74 in Peoria County, and hundreds of home-
owners were evacuated when a levee was breached
on the Illinois River near Marseilles. These unusually
heavy rainfall periods were linked to one fatality and
direct economic losses estimated at $400 million USD in
Illinois (National Weather Service 2014). Prolonged
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heavy rainfall events are a common occurrence in the
U.S. Midwest and can cause widespread flooding im-
pacting activities in both urban and rural areas.
Depending on soil moisture conditions from antecedent
precipitation and vegetation cover at the time of the heavy
rainfall event, local or regional flooding can be enhanced
or diminished. In Illinois, these widespread events can
occur in any month; however, local precipitation amounts
are generally higher during the warmest parts of the
year when the warmer atmosphere sustains greater pre-
cipitable water values (Angel and Huff 1995), and the
mechanism is typically convective. Rainfall frequency of
extreme hydroclimatic events have long been studied
(Yarnell 1935; Hershfield 1961; Changnon 1983; Huff and
Changnon 1987; Huff and Angel 1988; Kunkel et al. 1993,
2003; Kunkel 2003; Groisman et al. 2001, 2005; Feng et al.
2016; Easterling et al. 2017; Martinez-Villalobos and
Neelin 2018) and used to develop important benchmark
values used in the design of hydrologic structures such
as dams, bridges, levees, retention/detention ponds, and
culverts (Huff and Semonin 1960; Huff 1980; Huff and
Changnon 1987; Faragé and Katz 1990). Analyses of
heavy rainstorms and local and regional flooding occur-
rences in Illinois have shown a strong positive relationship
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FIG. 1. Total precipitation (mm) for the (a) 5- and (b) 10-day period ending 19 Apr 2013. Precipitation data obtained
from the PRISM Climate Group, Oregon State University (http://prism.oregonstate.edu).

over time (Changnon 1983; Changnon et al. 1996;
Groisman et al. 2001; Changnon and Changnon 2004). A
number of publications have evaluated 1- and 2-day ex-
treme precipitation events in Illinois (Huff and Semonin
1960; Huff and Changnon 1961; Huff 1979; Easterling
et al. 2017). Many of these studies have examined the
causes of such extreme events, those producing more than
200mm at a point, and have found that most are associ-
ated with warm-season thunderstorm complexes that train
over the same area for periods that generally exceed 12h
(Changnon 1957; Huff 1979; Changnon and Kunkel 1999;
Changnon 2001; Changnon and Westcott 2002; Changnon
and Changnon 2004). Remnants from a tropical storm
were determined to be the primary cause for anomalous
Illinois precipitation amounts in September 1961 and 2008
(Gensini et al. 2011).

In addition, the increased frequency of short duration,
1-/2-day precipitation amounts in the U.S. Midwest since
1900 has been noted in a number of recent studies (Huff
and Angel 1988; Kunkel et al. 2003; Groisman et al. 2005;
Easterling et al. 2017). Many studies have examined the
relationship of these increases, both in the frequency and
amount of rainfall experienced, to enhanced greenhouse

gas concentrations associated with anthropogenic climate
change (Meehl et al. 2000) and changes in large-scale cir-
culation patterns (Yu et al. 2016). The spatial patterns and
temporal trends in longer-duration events have not been
sufficiently studied, but such information could be partic-
ularly useful for assisting hydrological structure design.
Results from this research could provide further impetus to
update rainfall frequency distributions for areas not only in
Illinois, but throughout portions of the Midwest.

2. Data and methods

Illinois has long had a history of quality National
Weather Service (NWS) daily precipitation records
from which to examine heavy precipitation events
(Changnon 1957; Huff and Changnon 1961; Changnon
1983; Huff and Angel 1988). Huff and Angel (1988)
analyzed daily precipitation records for the period
1901-83 for 61 Illinois NWS cooperative weather
stations. These and other long-term Illinois NWS
station records were examined in this study, focusing
on the 119-yr period 1900-2018. A group of 48 stations
with less than 3% of all daily records missing were
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selected for this study (Fig. 2). Two of the stations had
combined records (Sycamore/DeKalb and Freeport)
and station displacements occurred at some of the
other 46 stations. However, previous research in-
dicates that these small changes have little impact on
long-term rainfall measurements (Changnon and Kunkel
2006). The stations are not equally spatially distrib-
uted across Illinois, which may have some influence on
the presented statistical results. However, the stations
shown in Fig. 2 represent an appropriate representation
for understanding the climatology of heavy precipitation
amounts at 5- and 10-day temporal epochs (Huff and
Angel 1988).

The top five annual and seasonal [winter (DJF); spring
(MAM); summer (JAA); autumn, (SON)] independent
5- and 10-day precipitation amounts and related dates of
occurrence were noted for the selected 48 stations and
referred to as events. Events were acquired from the
Midwestern Regional Climate Center (MRCC) Appli-
cation Tools Environment (cli-MATE) web-query tool
(https://mrcc.illinois.edu/CLIMATE/). Within any top
5- or 10-day event, precipitation did not necessarily occur
on every day in the period. These events are simply the
largest precipitation totals for a given 5- or 10-day period
within a year or each season. The top five events were
chosen for each epoch to provide an adequate sample of
these extreme events. Two events were considered in-
dependent if they were separated by 5 or more days. For
example, if one station experienced one of its top five
winter 10-day heavy events from 2 to 11 December 1982
and a second event from 22 to 31 December 1982, these
events were considered independent. Two independent
heavy precipitation periods in a given season only occurred
at 7 of the 48 Illinois stations. An event was counted in a
specific season if the 5- or 10-day event started no earlier
than the first day of the season (i.e., 1 March for spring)
but would be counted as part of a specific season if the
event began on the last day of the season (i.e., 31 August
for summer).

The top 5- and 10-day heavy precipitation amounts were
examined spatially and temporally for each season and for
the entire annual cycle. Temporal variability during the
19002018 period was evaluated in two ways: 1) the time
series of the annual and seasonal number of stations
experiencing a 5- or 10-day heavy precipitation event, and
2) the frequency distribution of stations in 20-yr periods
(1900-19, ..., 2000-18).

Five- and 10-day heavy precipitation episodes were also
examined in space and time. We define an episode when
20% or more (=10) stations experienced a top five 5- or
10-day heavy precipitation amount at the same time. When
identifying 5-day heavy precipitation episodes based on all
station records, it was expected that 5-day events would
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FIG. 2. 48 NWS cooperative weather stations used in this study
over the period 1900-2018.

be slightly different (e.g., 15-19 July vs 16-20 July),
based on differences in observing times (a.m. vs p.m.) or
movement/timing of precipitation producing weather
systems. As long as the heavy precipitation 5-day event
at 10 or more stations overlapped partially in time with
each other, they were considered to be part of the same
heavy precipitation episode. The same analysis was
conducted for 10-day episodes.

Finally, the Twentieth Century Reanalysis, version 2¢c
(V2c¢), dataset (Compo et al. 2011) was used to diagnose
atmospheric conditions present during these anomalous
events and episodes. Precipitable water (PWAT) values
were extracted for each 5- and 10-day event by station to
determine background moisture availability for pre-
cipitation. Daily ensemble mean PWAT values were
aggregated and averaged for all top five 5- and 10-day
heavy precipitation events. The Twentieth Century
Reanalysis is a best-guess reanalysis dataset that uses
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FIG. 3. Average of the top five (a) 5- and (b) 10-day heavy precipitation events from 1900-2018. Black dots indicate
the NWS cooperative stations used in the contour analysis.

surface pressure to derive the vertical structure of
the atmosphere (Compo et al. 2006). We also created
850-mb (1 mb = 1 hPa) wind speed and vector anomaly
composites for 5 and 10-day episodes by season, and
850-mb circulation anomalies were created using the
1981-2010 climatology.

3. Results
a. Annual

The average of the top five 5- and 10-day annual
heavy precipitation totals generally decreased from
south to north across the state (Fig. 3). The average of
the top 5-day annual heavy precipitation amounts was
generally higher than 250 mm (=~101in.) in the southern
third of the state. The lowest values (=180 mm) were in
central Illinois. Maximum values were greater than
250 mm in the northeastern and northwestern corners
of the state with a peak value of 291 mm at Aurora.
Similarly, the 10-day pattern, based on averaging the
top five amounts, exhibited a maximum in southern

Illinois (Anna’s maximum was 326 mm), generally de-
creasing northward with a large area in central and north
central Illinois experiencing a 10-day average value of less
than 250 mm. Values greater than 300 mm were found in
the southern one-third and northeastern Illinois, with Au-
rora reporting a top five average 10-day amount of 321 mm
that included the infamous flooding event starting on
16 July 1996 (Changnon and Kunkel 1999).

b. Spring

Average of the top five 5- and 10-day boreal spring
heavy precipitation amounts exhibited similar patterns
(Figs. 4a,b). The average 5-day spring amount was
generally more than 180 mm south of an Edwardsville-
to-Paris line (319 mm at Anna), with an axis of values
less than 150 mm from central Illinois northward to the
Wisconsin border. The average 10-day values were gen-
erally more than 250 mm across the southern one-half of
the state (maximum of 326 mm at Anna that included an
event in April 2011) with a similar minimum running
from central Illinois northward. Ten of the 48 stations
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FIG. 4. Average of the top five spring (a) 5- and (b) 10-day, summer (c) 5- and (d) 10-day, autumn (e) 5- and (f)
10-day, and winter (g) 5- and (h) 10-day heavy precipitation events (mm) from 1900-2018. Black dots indicate the

NWS cooperative stations used in the contour analysis.

experienced their highest 5-day annual heavy pre-
cipitation value during spring, with 8 of 10 stations lo-
cated in the southern one-third of the state. Twelve of
the stations had their highest 10-day annual heavy pre-
cipitation amount during spring, with 11 of 12 located in
the southern half of the state.

c. Summer

Slightly more than half of stations (27 for 5 day and 25 for
10 day) experienced their annual maximum amount during
the summer, and these stations were generally located north
of a line from Saint Louis, Missouri, to Vincennes, Indiana.
The summer spatial pattern for both the 5- and 10-day
pattern was dominated by a number of relative maximums
and minimums randomly distributed across the state
(Figs. 4c,d). Notable average maximums were located near
Nashville/Mount Vernon in southern Illinois and at Aurora
and Freeport in northern Illinois. Aurora experienced the
summer statewide maximum 5- and 10-day total, and that

occurred during the record northeastern Illinois floods of
July 1996 (Changnon and Kunkel 1999).

d. Autumn

Autumn station top five averaged amounts were gen-
erally less than those in summer and did not vary as much
(150-290 mm for the top five average 5-day amounts; 170-
360 mm for top five average 10-day amounts). Similar to
the summer period, areas of relative maximum and mini-
mum (for both 5 and 10-day average amounts) were also
scattered (Figs. 4e,f). Relative maximums were found in
western and northeastern Illinois. Aurora took honors for
the statewide autumn maximum for the 5- and 10-day
amounts. These extreme amounts were associated with
heavy precipitation events in October 1954. Eleven of the
48 stations experienced their highest annual 5-day pre-
cipitation amount in autumn, while 10 stations had their
highest 10-day annual precipitation amount during au-
tumn, with most occurring in central or northern Illinois.
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FI1G. 5. Interannual variability (1900-2018) of the number of stations experiencing a top five 5-day or 10-day heavy precipitation event.
Least squared regression lines are plotted and shown in dashed line style if significant at the @ = 0.05 level.

e. Winter

Winter 5- and 10-day top five average amounts were
generally the lowest of the four seasons and showed a
general decrease from south to north across the state
with most of the northern half of the state experiencing a
winter average maximum less than 150 mm (Figs. 4g,h).
Relative winter maximum values were found near the
southern tip of the state, and in an area northeast of
Saint Louis, Missouri. Only 1 station, Greenville, Illi-
nois, experienced its highest 10-day annual precipitation
amount in winter.

f. Temporal distributions

The seasonal distribution of highest annual 5- and 10-day
precipitation amounts indicates that summer is not the only
season when these extreme events occur. A study by Angel
and Huff (1995) noted that cool season extreme pre-
cipitation amounts were common in southern Illinois;
however, this study found for longer-duration periods,
some central and northern Illinois stations experience their
top values in autumn. The temporal distribution of the
number of Illinois stations experiencing one of their top five
annual 5- and 10-day heavy precipitation amounts showed a
great deal of interannual variability and slight increasing
trends through the 119-yr period (Fig. 5a). The annual
5-day time series values ranged from zero in numerous

years to a high of 11 stations in 1926 and 2008, and there
were more years with no stations experiencing one of
these precipitation extremes in a given year in the period
prior to 1965. Although the temporal pattern for the
annual 10-day heavy precipitation amounts was similar,
there are some differences (Fig. 5b). Again, values
ranged from zero experienced in a number of years to a
high of 13 experienced in 2008 and 2011. Both charts
show a minimum in frequency during the 1930s. The
least squared regression slopes for both annual time series
is associated with a significant increase in frequency of
top five heavy precipitation amounts (Table 1).

Time series plots were also developed and evaluated for
each season (Figs. 5c—j). There were six springs where 10 or
more stations experienced a 5-day heavy precipitation

TABLE 1. Least squared regression line slopes for annual and
seasonal top five 5- and 10-day heavy precipitation events, 1900—
2018. Slopes in bold font are significant at the a = 0.05 level.

Slope
Period 5 day 10day
Annual +0.013 +0.018
Spring +0.025 +0.033
Summer +0.010 +0.006
Autumn +0.002 —0.001
Winter +0.018 +0.021
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amount, and seven springs where 10 or more stations
experienced a 10-day heavy precipitation amount. Six of
those seven anomalously high count spring years occurred
after 1994. Both spring time series exhibit the greatest
seasonal increase over time (Table 1) and were significant.
Summer experienced the fewest number of high-count
years (again, events impacting 10 or more stations) with
three years for 5-day heavy precipitation amounts and 4 for
10-day heavy precipitation amounts. A majority of these
summer high-count years occurred before 1960 and the
increase in occurrence of 5-/10-day heavy precipitation
amounts over the 119-yr period was smaller than that
found in spring (Table 1). Since 1980, there have been no
summers when a large number of stations (=10) are im-
pacted suggesting that these heavy precipitation amounts
may be increasingly caused by localized thunderstorm
complexes that impact smaller areas. Autumn experienced
eight years having 5-day heavy precipitation amounts at 10
or more stations, and nine autumns had 10-day heavy
precipitation amounts at 10 or more stations, with most of
these years occurring before 1960. A couple of these high-
count years were related to remnants from tropical storms
[e.g., 1961 (Carla) and 2008 (Ike)]. The least squared re-
gression slopes were near zero for both time series in-
dicating little change in occurrence of autumn 5-/10-day
heavy precipitation events in Illinois. Winter heavy
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TABLE 2. Percentage of top five 5- and 10-day annual and seasonal
heavy precipitation events in the 200018 and 1980-2018 periods.

2000-18 1980-2018
Period 5day 10 day 5day 10 day
Annual 25.8% 27.5% 41.3% 45.0%
Spring 27.9% 34.2% 49.2% 57.5%
Summer 22.5% 21.3% 33.3% 36.7%
Autumn 14.0% 12.5% 37.0% 33.3%
Winter 25.0% 26.3% 43.3% 41.7%

precipitation events were also clustered in fewer years,
with seven winters having 5-day heavy precipitation
amounts at 10 or more stations, and eight winters having
10-day heavy precipitation amounts at 10 or more stations.
A majority of these events occurred in the second half of
the period, and significantly impacted the slopes of the
least squared regression lines (Table 1).

The frequency of stations experiencing one of their top
five annual and seasonal 5- and 10-day heavy precipitation
amounts was examined in independent 20-yr periods (i.e.,
1900-19, ..., 2000-18). The five trend lines (annual and
each season) for the 5-day heavy precipitation amounts
varied through the study period, however, for annual,
spring, summer, and winter, the trend was generally
increasing with the highest 20-yr value occurring in the
2000-18 period (Fig. 6a). The spring, winter and annual
increasing trends appear more noteworthy than the in-
creasing trend for summer. The trend for autumn appears
generally flat with its lowest 20-yr value occurring in the last
period. Similar results were found when examining the
trends for the 10-day heavy precipitation amounts (Fig. 6b).
Once again, the largest increasing trends occurred in spring,
followed by winter, with the only trend ending with a rel-
ative low in the last period being autumn. To examine how
the frequency of extreme 5- and 10-day heavy precipitation
events has changed since Huff and Angel (1988), we
computed the percentage of top five precipitation amounts
in the last period (2000-18) as well as the last 39 years
(1980-2018). If their occurrence was randomly distributed
through time, one would expect approximately 16% in the
last period and 32.7% in the last 39 years (Table 2). Values
presented in Table 2 indicate that the frequency of heavy
precipitation amounts over the last period and the last 39
years has experienced a notable increase when examined at
the annual, spring, and winter time frames. Summer in-
creases appear greater during the last period than over the
39-yr period, while the autumn values indicate a below
average frequency in the last 20 years.

g. Unique spatial coverage events

Additional analyses examined those episodes when
more than 20% (10 or more) of the selected Illinois
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TABLE 3. The 5- and 10-day heavy precipitation episodes, each impacting 10 or more stations.
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stations experienced one of their top five 5- or 10-day an-
- nual or seasonal heavy precipitation amounts (Table 3).
2 The dates shown in Table 3 represent the most frequent
= date when a 5- or 10-day heavy precipitation amount oc-
E curred among stations. Sometimes dates were offset by a
é day or two because of different observer times (morning
;‘f versus afternoon), the timing of precipitation events (i.e.,
o

when they started at a station). As the number of stations
in these episodes count toward those in the 20-yr period
analysis, there is little surprise that these episodes generally
occurred during peak 20-yr periods, in spring, autumn, and
winter. Furthermore, the majority of episodes occurred
after 1960 (second half of study period), indicating that
episodes, when a number of stations are impacted during
the same period, are occurring more frequently. The small
number of summer episodes is likely related to the spatial
dimensions of the precipitation producing systems (e.g.,
thunderstorms versus stratiform).

The average number of days when measurable pre-
cipitation (greater than a trace) was reported for each 5- or
10-day episode was determined. For 5-day episodes, the
seasonal average value ranged from 4.03 (autumn) to 4.34
(spring) days, while for 10-day episodes, the seasonal
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FIG. 8. Composite 850-mb wind vector and isotach (fill) anomalies (ms ™) for (a) spring 5-day episodes, (b) spring
10-day episodes, (c) autumn 5-day episodes, (d) autumn 10-day episodes, (e) winter 5-day episodes, and (f) winter 10-day
episodes. Anomaly fields were obtained from the Twentieth Century Reanalysis (V2c) dataset and calculated from the
1981-2010 averages. Summer and annual not shown because of N =< 1. Composite dates can be found in Table 3.

average value ranged from 6.99 (winter) to 7.21 (autumn)
days (Table 3). This analysis suggests that 5- and 10-day
episodes are associated with multiple days with measurable
precipitation. Thus, although some of these events may be
associated with heavy precipitation that primarily occurs
over 1 to 2 days within a 5- or 10-day period, these results
suggest that examining 5- to 10-day rainfall periods is

justified. There did not seem to be a preference for the
spatial distribution of these 5- or 10-day episodes.

h. Environmental relationships

Final analysis involved the investigation of these 5-
and 10-day heavy precipitation events as related to the
background atmospheric environment. First, for each of
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these 5- and 10-day events, the average daily PWAT
values were extracted from 20CR. PWAT was shown to
scale linearly for the winter season (i.e., as daily average
PWAT increases, so too do rainfall totals). This relation-
ship was not as clear for other seasons, but an apparent
seasonal cycle emerges when comparing all 5-day (Fig. 7a)
and 10-day events (Fig. 7b). This analysis suggest that the
background moisture availability is more important in the
typically nonconvective winter season, and is less impor-
tant in the summer convective season and autumn because
of possible tropical contributions. There also appear to be
some important discriminatory thresholds that forecasters
could use if expecting these events given the season. Fur-
ther exploratory spatial analyses (not shown) indicated
that areas impacted by a 5- or 10-day episode were gen-
erally located within an area of high PWAT anomaly
values (+5 to +10mm), or frequently located along/near
the northern (or northwestern) edge of the higher PWAT
anomaly values, in an area of large PWAT gradient. These
transitional PWAT areas, often located just along and
south of a frontal zone, are notable as atmospheric mois-
ture often pools in these locations assisting with a continual
feed of moisture for heavy precipitation events.

In addition to the moisture relationships, atmospheric
circulation anomalies were also examined for all 5- and
10-day episodes (dates found in Table 3), to better un-
derstand the synoptic weather regimes present during these
high-impact episodes that covered large spatial areas.
Composite anomalies of 850-mb wind speed and wind
vectors were created for spring, autumn, and winter (Fig. 8);
850-mb was chosen for this analysis in an attempt to best
diagnose the potential for lower-tropospheric moisture
transport. Summer and annual periods were not included in
this analysis because of a sample size of =1. Strong quali-
tative similarities exist among all seasons in both the 5- and
10-day periods. Vector anomalies suggest that an average
synoptic 850-mb anticyclone is typically present off the
coast of the eastern United States, with a center between
30° and 35°N depending on the season. To the west of this
feature, southerly flow is found in all composites across
large portions of the Mississippi, Tennessee, and Ohio
River valleys. This analysis suggests favorable large-scale
conditions for low-level poleward moisture transport into
the study area and bears a strong resemblance to the pos-
itive phases of the Arctic Oscillation (Thompson and
Wallace 1998). Further work is needed to examine if/how
teleconnections play a role in creating a conducive atmo-
spheric environment for these episodes.

4. Summary and conclusions

Heavy 5- and 10-day rainfall amounts have increased
in Illinois and this has aided in more frequent and costly
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flood-related damages. The frequency of top five 5- or
10-day amounts at 48 Illinois long-term stations increased
annually and in all seasons except autumn during the study
period (1900-2018). The increases for annual and spring
were statistically significant at the = 0.05 level.

An analysis of 5- and 10-day heavy rainfall episodes,
5- or 10-day periods when 10 or more stations experi-
enced one of their top five heavy rainfall amounts,
identified that these episodes have occurred more fre-
quently since 1960. For these episodes, the number of
days with measurable precipitation in a 5- or 10-day
period was also determined. On average, 4 of the 5 days
in a 5-day episode experienced measurable precipita-
tion, while measurable precipitation fell on an average
of 7 of 10days in a 10-day episode.

In addition, precipitable water values were extracted
for each 5- and 10-day heavy rain event and shown to
scale linearly during winter events, with a clear seasonal
signature. Precipitable water averages during these
events suggests that they could be used in anticipation of
such events. Composite analysis of low-level circulation
fields indicate that the most widespread 5- and 10-day
heavy rain episodes occur when a synoptic anticyclone is
positioned off the coast of the eastern United States,
creating favorable poleward fluxes of low-level moisture
from the Gulf of Mexico into the Illinois region.

In an aggregate sense, these results provide further jus-
tification to reexamine rainfall frequency distributions
for a range of durations across Illinois and underscore the
continual need to evaluate the spatiotemporal variability
of extremes as our climate continues to change.
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