'-

v

ILLINOIS STATE
WATER SURVEY

PRAIRIE RESEARCH INSTITUTE

Uncertainties in the Projections of Future
Heavy Rainfall: Climate Non-stationarity
and Urban Flood Risk in Greater Chicago

Momcilo Markus and Gregory Byard

University of Illinois at Urbana-Champaign



WATER SURVEY
PRAIRIE RESEARCH INSTITUTE

"- ILLINOIS STATE
v

Contract Report 2016

Communication of Climate Change Data for
Community Assessment of Impacts of Severe Storms
on Urban and Stormwater Infrastructure and Flood

Risk in Cook County, Illinois

Principal Investigators:
Momcilo Markus
Sally McConkey
James Angel
Gregory Byard
Chen Zhang
Zoe Zaloudek

lLLlNOlS

;‘-

ILLINOIS STATE

WATER SURVEY
PRAIRIE RESEARCH INSTITUTE

Report in Final Internal Review
(funded by NOAA-SARP)

™

Max: 388

Difference
as Percent
of Atlas 14

Percent
."‘Mm
0%

.La- 50% | e————  20%

| (Bonnir] et al. 2006). Top row shows absolute differences

| elimate scenarios (B1, A1B, and A2). flerence > :
Percent =
Butletin 70| 9 o
L Percent i
) 50% L4
] N 351/ 1 . iam N Son
% A . | 0% /
L . 024 8 L . 024 8 % L
Low : -50% Low : -50%

00-year, 24-hour isohyetals for mid-21" century and Bulletin 70 (Husff and Angel, 1989). Top row shows absolute
percent differences. Three columns show results for 3 [PCC CMIP3 climate scenanos (B1, A1B, and A2).

41




Rainfall frequency sources
TP-40, ISWS Bulletin 70/NOAA Atlas 1
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Frequency Distributions
and Hydro climatic Characteristics
of Heavy Rainstorms in Illinois

by FLOYD A. HUFF and JAMES R. ANGEL

Title: Fraquency Distributions snd Hydrocimatic Charscieristcs of Hemvy Ramstorms i Dlinois
Abstract: This repart presens the resuits of &n evensive invessipation of the dismiburion of heavy
Tinots based on dsta for 61 precipitasion sttions opersted during 1901-1983. Shown are
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istics of Heavy Rasinstomss in TMinois. Minois Stsse Water Survey, Champaien, Bulletin 70, 1689
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Daily Precipitation Time Series for Chicago
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Future trends in rainfall frequency

* Monitoring data and research indicate that the
intensity and frequency of heavy rainstorm
events in the Midwest and other parts of the U.
S. have been increasing and are likely to continue
to increase.

 However, it is not exactly known if it will actually
happen, and if it does, to what degree.



Projected Climate Changes
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Exceedances of NOAA Atlas 14

Average number of exceedances of 2-hour 10-
year rainfall isohyetals per 10 years
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UNCERTAINTY



Modeling Uncertainties

Data

— Observation

— Aggregation

— Sampling Variability

Model (physical, conceptual, mechanistic,
statistical, empirical, data mining, soft
computing)

— Model Limitations

— Calibration

— Initial Conditions

Future Climate



Predicted flood level
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Predicted flood level

Predicted stage and
confidence limits
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Predicted flood level

Predicted stage and
confidence limits
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“... the future is not what it used to be” (Paul Valery)

95% range when the A
future climate change
scenarios are accounted
for

95% range when the
future scenarios are
not accounted for

1950 2000 2050 2100



Accounting for uncertainty

* A majority of climate models project future
increases in heavy rainfall in the Chicago area,
but some models for some climate scenarios
project decreases.



Accounting for uncertainty

* This uncertainty is significant, and many of us
tend to use it to simply ignore the projections
of future precipitation. However, ignoring a

potentially big change just because it is
uncertain could be very costly.



Accounting for uncertainty

* Accounting for the uncertainty would give us a
range of possible heavy rainfall events, along
with their probabilities. This range could serve
as a tool for urban managers to adopt
somewhat more stringent urban drainage
standards by applying suitable safety factors.



Climate change and floods — findings and adaptation strategies for flood
protection in Baden-Wurttemberg, Germany

W. Hennegriff, Federal Institute for Environment, Measurements and Nature Protection Baden-Wurttemberg, Landesanstalt fur Umwelt, Messungen und
Naturschutz Baden-Wurttemberg (LUBW), GriesbachstralRe 1, D-76185 Karlsruhe (E-mail: Wolfgang.Hennegriff@lubw.bwl.de)

Factors for climate change

Areas of equal factors .
— T Factors for climate change 11
[years] 2 3

5500 5500
2 1.50 1.75
5 145 1.65

|s450 5450
10 140 1.55
20 1.33 1.42

5100 5100
50 1.23 1.25
100 1.15 1.15

5350 3350
200 1.08 1.07
500 1.03 1.00

5300 5300
1000 1.00 1.00

Remark: Factor is equal 1.0 for annualities T>1000a
3350 3400 3450 3500 3550 3500
Figure 7 Climate change factors frx to determine the design flood for the areas or river catchments in

Figure 6 Areas in Baden-Wiirttemberg with uniform climate change factors fr« Baden-Wiirttemberg
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Weighted Ensemble Analysis for heavy rainfall

Large scale climate model rainfall data

\ 4

Finer scale rainfall data (statistical and
dynamical downscaling)

Observed: 1961-2000 Model: 1961-2000 ¥
Climate model
P Rt II"t st simulated rainfall for
Rainfall statistics ainfall statistics mid- or late 215t century
Compare
v
Calculate weights for each climate model > Weighted :
ensemble analysis

Projected rainfall frequency
and confidence limits
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RESULTS



Results for O’'Hare and Midway rain gages
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Differences between projected 100-year, 24-hour isohyetals for
late-21st century and those based on NOAA Atlas 14
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These results are not designed for operational use, nor do they replace the existing sources



Differences between projected for late 215t century and Atlas 14
upper 90% confidence limits for 100-year, 24-hour isohyetals
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Climatic Change (2016) 135:143-155 @ CrossMatk
DOL 10.1007/s10584-015-1549-1

Assessing decision support systems and levels of confidence
to narrow the climate information “usability gap”

Richard H. Moss " OBSERVE
Fig. 1 Idecalized adaptive Frame the
management decision-making pro- . " lssue and
cess. Decision-support systems Monitor, Evaluate, Identify
and tools can help participants Learn :
S e . Information
confront challenges associated
with each of these stages of deci- Needs
sion-making
ACTION Discover and Co-
Implement
produce

Integrate, Deliberate

PLAN



Summary

Projections Expected outcomes

* Heavy rainfall events are .
expected to increase

Better understand and
qguantify the random nature
* Large confidence intervals of the projected rainfall

 Reduce the epistemic

. . uncertainties
Future activities

* Continuing monitoring
* Research

* Model development,
validation and testing
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Downscaling — dynamical and
statistical
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Past Project: Single Model Projection
for Chicago

The regional climate model (RCM) used in this
study is a climate extension of the fifth
generation Pennsylvania State University-
National Center for Atmospheric Research
Mesoscale Model (MM5, Dudhia et al. 2005),
referred to as CMMS5. (Liang et al. 200443, b,
2007; Zhu and Liang 2005, 2007)



Climatic Change (2012) 111:879-902
DOI 10.1007/s10584-011-0172-z

Diagnostic analysis of future climate scenarios applied
to urban flooding in the Chicago metropolitan area

Momcilo Markus - Donald J. Wuebbles -
Xin-Zhong Liang - Katharine Hayhoe -
David A. R. Kristovich

9 North-Southeast separation

In order to provide a possible physical explanation for differences in response to different
climate scenarios between the north and southeast, one must consider the possibility that the
differences are either portions of larger-scale synoptic patterns (e.g., the north being
representative or a large region of increases) or due to local interactions between the
circulations generated by Lake Michigan, the urban area of Chicago, and inland areas.
Given the large differences in responses over such a short distance, it seems unlikely to be
reflective of synoptic patterns in precipitation fields.



Ensemble analysis

A
Observed
Confidence
Interval (C.1.)
v
v Variable weights
(weighted) C.1.
Variable weights . R
1| Equal weights wisiahtad Equal
\Weiglited) \ Weights C.1.




Change in Heavy Rainfall 2050
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Figure 4.4.1. Regional groupings for daily data used to prepare NOAA Atlas 14 Volume 2.
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Cook County Precipitation
Network
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Nancy's Station Correlation

Legend

Sites
Correlation
—— 0.046800 - 0.200000

~==0.200001 - 0.400000

0.400001 - 0.600000
#mmmm==0.600001 - 0.800000
‘@ 0.800001 - 1.000000

“\\
e
o"“"g
O
o""“\‘
o
e
) BADE (S 10 Kilometers
155y S e Sl

@PARK FOREST IL (1953-2013) 1501
Esri, HERE, DeLorme. Mapmyindia, © OpenStresthap contributors. and the GIS user community




