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Presentation Topics

=  Qverview of City of Alexandria Storm Sewer Capacity Analysis
Study

= Climate change case study:
: Precipitation intensity, duration and frequency
- Sea level rise




How does Climate Change Impact Management

of Brdt-and Natural Environments?
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Storm Sewer Infrastructure Planning with
Climate Change Risk - A Case Study

= The City of
Alexandria, Virginia,
has experienced
repeated and
Increasingly frequent
flooding events

= Review of design
criteria and potential

Impacts of climate

Change Hurricane Isabel flooding, September 2003
Photo Credit: Courtesy Mark Young/The Journal Newspapers




City of Alexandria, Virginia, is on the tidal
Potomac River, across from Washington DC

New Hampshire

City of
Alexandria,
Virginia




Project Overview — City of Alexandria Storm Sewer Capacity Analysis

¢« Task 1
Evaluate City of Alexandria
ainfall data and hydrograpj

« Task 2
Hydrologic and Hydraulic
odeling

« Task 3
Field Verification

¢ Task 4
|dentify Problem Areas and
Suggest Solutions

« Task 5
Coordination Meetings and
Public Involvement




City of Alexandria Storm Sewer Ca

NOAA Atlas 14 climate stations ¢« Task 1
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“ Task 2
Hydrologic and Hydraulic
Modeling

“Task 3
Field Verification

“Task 4

|dentify Problem Areas and
Suggest Solutions

“Task 5

Coordination Meetings and
Public Involvement




City of Alexandria Storm Sewer Capaci

“Task 1
Evaluate City of Alexandria
rainfall data and hydrographs

Hydrologic and hydraulic modeling will

maximize use of the City of Alexandria’s

existing GIS for the seven storm sewer

sheds outside the CSO area. Pilot testing ¢ Task 2

of procedures will be done in one area . .
selected together with the City. Hydrolog ic and Hyd raulic

Modeling

“Task 3
Field Verification

“ Task 4
|dentify Problem Areas and
Suggest Solutions

“Task 5
Coordination Meetings and
Public Involvement




City of Alexandria Storm Sewer Capacity

“Task 1
Evaluate City of Alexandria
rainfall data and hydrographs

“ Task 2
Hydrologic and Hydraulic

CH2M HILL will develop a technical memorandum MOdelmg
that presents the overall database architecture and

data flow for how data from the field verification

tas(lj<s ar(re] stco_red and then gr?ée%\ into _c|>r used to k
update the City's existing . A similar 4

architecture was used to successfully update the Ta S 3
City of Oakland's GIS for their Storm Drainage

Master Plan project. Field Verification

“ Task 4
|dentify Problem Areas and
Suggest Solutions

“Task 5
Coordination Meetings and
m, PUblIC INVOlvement




City of Alexandria Storm Sewer Capacit

“Task 1
Evaluate City of Alexandria
rainfall data and hydrographs

“Task 2

Hydrologic and Hydraulic
Modeling

“ Task 3
Field Verification
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Updated Four Mile Run flood
boundaries come close to high-rise
apartments in Alexandria. ¢ Task 4

Identify Problem Areas and

Suggest Solutions

“Task 5
Coordination Meetings and
Public Involvement




Congressman Jim Moran, Vice Mayor Del
Pepper and others take part in a ribbon-
cutting ceremony marking the
unanimous acceptance of the Four Mile
Run Restoration Master Plan by all
agencies.

City of Alexandria Storm Sewer Capaci

“Task 1

Evaluate City of Alexandria
rainfall data and hydrographs

“ Task 2
Hydrologic and Hydraulic
Modeling

< Task 3
Field Verification

“Task 4
|dentify Problem Areas and
Suggest Solutions

< Task 5
Coordination Meetings and
Public Involvement




Task 1 Summary:
Effects of Climate Change on Rainfall Design Criteria

 Review and propose revisions to the City’s stormwater
design criteria

e Update existing precipitation frequency information
with 30 additional years of observed data

* Using climate change projections for 2050 and 2100
Investigate:

— Projected changes in intensity, duration, and frequency
(IDF)

— Projected changes in sea level




Rainfall Intensity-Duration-Frequency (IDF) Curve
10-year Return Period Analysis of Historic Data, and
Comparison to Existing Curves

100.00

e Original IDF analysis used
1941-1969 dataset and TP- —— 10-year L-Moment
40 distribution analysis —8—10-year Existing IDF

10.00

« Updated analysis used
1948-2008 dataset and L-
MOMENTS distribution
analysis (similar to NOAA
Atlas 14 updates)

e Existing IDF curves (48-69) \

are conservative for shorter \
durations and return
frequencies

&l

RAINFALL INTENSITY IN INCHES PER HOUR
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0.01 0.10 1.00 10.00 100.00

DURATION (HRS)




Climate Change Risk Assessment
What Climate Data and Tools are Needed?

e Observed data

— Dally precipitation for Reagan National AP (1948-2008)
and daily tide data (1931-2008)

 Climate change projections

—  Global Circulation Model (GCM)
— Greenhouse Gas (GHG) emission scenarios

 Analysis tools

— Turn data into information to assess risk and vulnerability
using historical data and GCM projections




Selected a Range of Low to High Greenhouse Gas (GHG)
Emission Scenarios from Intergovernmental Panel on
Climate Change (IPCC)

“Scenario Family”

Description

Al — Rapid Growth
A1FI - Fossil Intensive
A1T - Non-fossil

A1B — Balanced

Second Highest
Greenhouse
Emissions

A2 — Heterogeneous
High Population Growth

Slow Economic and
Technology Change

Highest Greenhouse
Emissions

B1 — Convergent World

Same Population as Al,
more service and
information technology.

Lowest Greenhouse
Emissions

B2 — Intermediate
Population growth, local
solutions.

Second Lowest
Greenhouse Emission

Global GHG emissions (Gt COs-aq / yr)

SRES (Special Report on Emission Scenarios, IPCC 2000)

200 T
post-SRES range (80%) / post-SRES {max)
180 | o B F
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2000 2020 2040 2060

Scenarios for GHG emissions from 2000 t;frﬁ%[) in the
absence of additional climate policies.

2080

2100




Global Circulation Models (GCM)

*  Five GCMs selected initially  f—-- T
based on ability to .
reproduce historical
precipitation patterns

e Later updated to include
ensemble of all 12 daily
GCMs from AR4

e  Studies show taking
ensemble is better than
using a single GCM (Knuti,
et al., IPCC, Jan.2010)

GCM components (Hadley Center)




 Climate science

» Global climate models

» Scenarios of change

* Bio-physical impact
assessment

e.g. IPCC assessment

Large gap

* Vulnerability and resilience
» Adaptation

 Sustainable development
 Risk-based assessments
e.g. “climate-proofing”
community water supply




 Climate science

» Global climate models

» Scenarios of change

* Bio-physical impact
assessment

e.g. IPCC assessment

Bridging the gap:
Integrated assessment
models and tools

e.g. the SImCLIM modeling

system
* Vulnerability and resilience

» Adaptation
 Sustainable development
 Risk-based assessments
e.g. “climate-proofing”

community water supply




SImMCLIM Input and Output

I post-SRES range (80%)
180 [ = B1

g / post-SRES (max)
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GCM Results

Precipitation Intensity

il @l extreme value Analysis Result _1olx|
Return periods:
Pendleton WSFO 1.13: Daily Data, Scenario Year: 2| l—
" - 12, 5, 10, 20, 50, 100, 500
SRES A1FI, BestGuess, Ensemble: median
BEH| 2
10 Return |Value
. 50 22538
0
] 5 28.950
£2 0 [3282
|2 10 0 36.29%
F) 50 40444
£ 100 |43.319
5 2 500 |49.271
@
)
10 20 30 40
Extreme high precipitation (mm)
Months selected: 1234567891011 12
limate data from historical pericd 01/01/1929 to 31/12/2008

Design Value: Exteme eventvalue: [43.14  RetumPeriod: [35.64  Add to chart

Riske: Return Period: [95.64 Time Horizon: |0.00 Probability: |0.00




SimCLIM Technology*

*

CLIMsystems Ltd, New Zealand

e SIMCLIM

PC-based technology that manages
observed data and GCM results

Seamless selection of emissions and
GCM results to create temperature,
precipitation, and sea level rise
scenarios

Generates daily time series of
baseline and future temperature and
precipitation, rainfall return
frequencies and amounts

Results exported into Voyage,
GoldSIM, WEAP, REF-ET, Excel, and
Arc GIS formats

Scenario Generator

Wieve Patt=m

. Site Specfic Scenario Generator

DHI
DH1 Perturh Tool
Impact Models
Agrioutural Inpact Models
] Coastal Impact Mode's
Water Resgurce Impact Medeks

Cimeate Data Broeser

Extremsa Yalue Analysis

QORT
w

Imoeack Mode! Explarer

System Building Tools

: Cata Impart Wirard

‘E& Imaact Made!l Managemeant

Image Tools

| E Image Fie Viewer




GCM Availability
........ ’l'_:‘ Vermont
e GCMS must be well documented and H--& Virginia
e SR SN s ﬁ. Baseline Climate
sanctioned by the IPCC N HADCM3_SRES A2
e T S B ccomz_srES Az
e 24 GCM results available . N CSIRO MKk2_ SRES A2
e E CCS5FR MIES_SRES A2
 Models ranked high forannual .. E CCCMA-31
TR ; ) : RN R . o0
precipitation simulation by University B ChRM-CM3
Center for Atmospheric Researcn .. E CSIR0-30
: e S N S ECHO---G
incude: B8 FCOALS1G
— CCCMA3 (Canada) Pt
---------- GISS--EH
— MRI-232A (Japan) ---------- E GISS--ER
---------- B mmcm-30
— ECHO-G (Germany/Korea) & PsL_cm
_ T e B MIROC-HI
— HadCM3 (United Kingdom) - i MIROCMED
---------- $. MPIECH-5
— GFDLCM20 (United States) Pt
« All models are available for use in this jjjjjjjjij ranCen
project using the SimCLIM modeling il BCCRBCM2
. . [ S Washington
appllcatlon -4 West Virginia
GCM models available from the SimCLIM climate change
modeling application




Projected Annual Precipitation
Reagan National Airport, DC

Annual Precipitation (Inches)

52.00

Washington Reagan National Airport
12-Daily GCM Ensemble Median Results
B1 (Low), A1B (Medium), A1FI (High) Emissions

50.00 +——

48.00 +—

46.00

=== 12-Daily GCM Ensemble Median, 90% Exceedance, B1 (low emissions)

12-Daily GCM Ensemble Median, 50% Exceedance, B1 (low emissions)

10%, High Em.

=== 12-Daily GCM Ensemble Median, 50% Exceedance, A1B (medium emissions)

=== 12-Daily GCM Ensemble Median, 50% Exceedance, A1FI (high emissions)

=== 12-Daily GCM Ensemble Median, 10% Exceedance, A1FI (high emissions)

50%, High Em.

/

44.00

50%, Med. Em.

/

—

50%, Low Em.

90%, Low Em.

42.00

40.00

38.00

1990

T T T T T T T

2000 2010 2020 2030 2040 2050 2060 2070

Year

2080

T T

2090 2100

AN

4 to 25% increase
in annual
precipitation by
2100




Merging Historical Data Record and GCM Results to
Create Climate Change IDFs

1. Analyze observed hourly and daily data to obtain historical IDF for 60-
minutes to 96-hours (1948-2008)

2. Obtain 5, 10, 15, and 30 minute durations by applying a ratio to the 60-
minute estimates using NOAA Atlas-14

3. Calculate the ratio of the observed 24-hour value to 1, 2, 3, 6, 12-hour
durations

4.  Generate projections of daily precipitation from 12 GCM runs and 3
emissions scenarios for 2050 and 2100

5.  Calculate the differences between the projected daily values at target dates
and the historical averages (1948-2008)

6.  Apply the prorated percent daily difference to the observed daily data for
the selected analysis period and run the GEV analysis

7.  Adjust the 24-hour GEV value by the historical ratios for durations ranging
from 5-minutes to 12-hours




Merging Historical Data Record and GCM Results
to Create Climate Change IDFs

. Extreme Value Analysis Result ]

Return periods:
Il, 5, 10, 20, 50, 100, 5EIEI|

VA Washington Reagan AP - 1.13: Daily Data, Scenario Year: 2050
SRES A1B, BestGuess, Ensemble: median

10 - B EH £
Return |Value I
50 83.263
5 114,549
]
20 10 137.270
20 160,702
10 50 193.608
= 100 220,323

500 289.565

Return Period (years)
m

[4%]

0 100 150 200

Extreme high precipitation {(mm)

Months selected: 1234567891017 12
Climate data from historical pericd 01/01/1948 to 317122008

Design Value: Extreme event value: IZD3- 15 Return Period: IG4.3? Add to chart | Table |

Risk: Return Period: |64-3? Time Horizon: ID-DD Probability: ID-DD




10-year IDF Projections in 2100 Reagan National Airport

Projected 2100 IDF Curves
10-Year Return Period

16.0
Pt

i

40
= \\
=
£
& 10 S
= g
G N
=
— 05 -
=2 -8-2100 Ensemble Median B1
g 03 #2100 Ensemble Median A1B
= —— 2100 Ensemble Median A1FI

01 —— | -Moments (19438-2008)

== Alexandria Existing
01 e
00
001 010 1.00 10.00 100.00

Duration (hours)
« Existing Alexandria intensities more conservative for durations of 5 minutes to 24 hours
« Slight increase in climate change projected intensities from 24 to 96 hours.




Projected Changes in Precipitation Intensity, Duration,
Frequency, Reagan National AP, DC
Projected Changes in Reagan National Airport 24-Hour Precipitation Intensity, Duration and
Frequency for 2050 and 2100, 5-GCM Average, 3 Emissions Scenarios
13.00
w3 d-hr 2050 Ensemble B1 (Low Emissions) . .
1200 4+~ e 74-hr 2050 Ensemble Al1B (Medium Emissions) — Historical IDF
——— 24-hr 2050 Ensemble ALFI (High Emissions) NOAA Atlas 14 \b[
1100 +—— e EE—
s 34 -hr 2100 Ensemble B1 (Low Emissions)
1000 4—— s 3 -hr 2100 Ensemble A1B (Medium Emissions) _,,-""-'-.’
s 2-hr 2100 Ensemble ALFI (High Emissions)
900 —— =mNOAA Atlas 14
- BO0 - . I
g 1
2 ] I
£ 700 ] :
= 1 i
2 1 1
£ 600 : :
t
& 500 1 I
I 1
: H -
00 1 i Projected
1 1
3.00 ! : Range of —
ﬁ Climate
200 - | Change Effect
1.00 H | 2050to0 2100
B
0.00 1 1
2 5 10 25 50 100 500
Return Interval (Years)




Sea Level Rise Risk Assessment
-
«  Provide the City of Alexandria i
with a range of potential sea 0 ! o
level rise (SLR) based on o i
appropriate climate change T |
scenarios. Washingeon, 0c I
Y gt Cambridge g it
« Analyzes historical records for il
trends and uses the GCM Solomons bard
derived sea level rise
projections to quantitatively
determine specific sea level
rise in the Chesapeake Bay el B
and the Potomac River near - B
Alexandria. L ==
Rates of SLR (ft/century) for the Chesapeake and Delaware Bays Region.
Data from tide gages and data record shown in parenthesis.
Source: The Maryland Commission Climate Change




Sea Level Rise Risk Assessment!

e Sea Level Rise elements

— “Steric rise” is an increase in
ocean volume without a change
in mass, primarily through
changes in temperature (thermal
expansion) and salinity
(freshening)

— “Eustatic rise* is an increase in
the mass of water from increased
runoff from terrestrial regions,
including glaciers and ice sheets

— Land subsidence, Alexandria area
Is experiencing land subsidence
of 1.37 mm/year

— Storm surge winds from A,ﬁ\ \ e TR
hurricanes

Rates of land subsidence (ft/century) Rates of land subsidence in the Chesapeake Bay region. Subsidence
in this region is mostly a result of postglacial rebound or readjustment (sinking) of land elevations since

- Plan etal’y-drlven dally tldeS the retreat of the glaciers at the end of the last ice age. Lines are dashed where values are inferred.

Source: The Maryland Commission Climate Change




Chesapeake Bay Sea Level Trends

Similar long-
term sea level
trends for 4
area stations

Washington
DC rise of .76’
(9.1") from
1931 - 2008

Data source
NOAA

Tide Level (feet NAVD)

Monthly Mean Sea Level Trends

Chesapeake Bay

o.s

0.3 4

0.1
_D-l -
3 Washingion DC

1931
=05
071 Baitimare
1802
Annapoils KIptopeke

25 1623 1251

1.1 1

1.3 7 - ) - : . i . .

= Limear (\WashingicnDC} Limear (Annapolis) =Linear (Baltimore) =——Linear (Kiptopeke Beach)
1.5 T T T T T
1900 1520 1240 1960 1960 2000
Duats




Historical Highest Tides Analysis for Washington, DC
Date Highest Tide Level (feet NAVD 88) Event
10011942 9 65 Rainfall, 107 to 12°
3MM936 914 “The Great Spring Flood”
9/1/2003 8.87 Hurricane Isabel
8/1/1933 8.76 Chesapeake-Potomac Hurricane Observed h|ghest Ude
411937 734 Heawy, Mon-Hurricane Rainfall
6211972 7.25 Tropical Storm Agnes Ievels
9/1/1996 6.76 Hurricane Fran
11111985 6.74 Hurricane Juan
1/20/1996 6.70 Rapid snow-melt and rainfall
Return Interval Water Level Elevation
(Year) (feet)
2 3.703
] 5 4 505
GEV analysis of 30 years of 10 5410
observed high tides (1979- 2 6.418
50 B.156
2008)
100 8879
500 15.880
Datum: NAVD 1588




Sea Level Rise GCM Patterns

» Typical output =27 21y = 5, e = 995,83
from one of the
five GCM models
and low, medium,
high emissions
scenarios

 Median values
calculated for
years 1990 to
2100

Excludes ice melt projections per Vermeer and Rahmstorf (2009) because not
yet adopted by IPCC, but expected in ARS5.




Projected Mean Sea Level Rise
Washington, DC

* Observed Projected Mean Sea Level Relative to Historic Trends

monthly sea Washington D.C. 8594300

a5
Ievel o Observed Historic Mean Sea Level
3 =e&—5 GCM Median, Low Emssions {B1)
. 5 GCM Median, Medium Emissions (A1B)

* M ed lan Of 5 2.9 1 2 GCM Median, High Emissions (A1F1)

GCMS and 3 m—|owest 10%

. . 2 4 m—ichest 0%
e m |SS|O n | inear (Observed Historic Mean Sea Level)
. 15 o
scenarios

* Merged at the
1990 GCM
start date

Elevation (ft MNAVD)
=]
] -

 Range from
1.8'to 2.4’ by

2100 1825 1845 185 1985 2005 2025 2045 2085 2085 2105




Relationship Between Mean Tide and High Tide for
Washington, DC

 Need to
determine Relationship Between MSL and MHHW

Impacts on Washington D.C. 8594300 (1978 - 2008)
daily tides

e MHHW is the
average of the
higher high
water height of
each tidal day

2.5

y =0.9996x + 16119
R%=0.9517

MHHW (ft NAVD)

* Relationship "
between MSL _ '
and MHHW
developed 25 0 s ; e :

MSL (ft HAVD)




Projected Mean High Higher Water (MHHW) Level for

Washington, DC

MSL/MHHW
relationship
used to adjust
MSL
projections

Projected
MHHW range
IS between
3.35’ and 4.05%’
by 2100

Elevation (ft NAVD)
n n

-
o
1

Projected Mean Higher High Water Relative to Historic Trends
Washington D.C. 8594900

T = = MSL Lowest 10%

LIL]
1

Fa
1

o  Observed Histonc Mean Higher High Water
——5 GCM Median, Low Emssions (B1)
8 GCM Median, Medium Emissions (A18)
5 GCM Median, High Emissions (A1FI)

o — W, Lowest 10%:

W HHW, Highest B0%
= = MSL, Highest B0%

Old Town Alexandria’s
ground surface is at
elevation 3.2 ft

Excludes ice melt projections per Vermeer and Rahmstorf (2009) because not
yet adopted by IPCC, but expected in ARS5.




Next Steps

 Evaluate and benchmark City design criteria for stormwater
management facilities

Run models with 10-year 24-hr design storm from existing IDF,
NOAA Atlas 14 IDF, and year 2100 projected IDF

«  Conduct cost-benefit evaluation to changing design criteria to
reflect climate change and updated IDF curve




Possible New Design Criteria Rainfall Hyetographs
(Intensity Distribution)

e Existing IDF Curve - period of record (1941-1969)

 Updated IDF Curve - L-Moment analysis based on all available
historical data (1948-2008)

 Projected Year 2100 - based on ensemble average of 12 global
change models and 3 greenhouse gas emission scenarios




Hydroloaic Modelina Results

80.00 5

Fifteen (15) Largest Peak Inflows at Storm Drain Inlets

W Existing |OF Curwe
B Updated IDF Cunes

m Frojected 2100 Year

70.00

80.00

50.00

Peak Flows (cfs)
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Summary

e  Significant research is now available that describes projected
changes in global climate

«  Methods exist to use climate change projections to estimate
changes in rainfall intensity-duration-frequency (IDF) curves, sea
level rise and other impacts on natural resources at community
scales

 Knowing the boundaries of projected climate change impacts on
water resource and other projects is an important component of
any long-term infrastructure planning




Yogi Berra On Climate

Climate Stationarity

“The future ain’'t what it used to
be.”

Future Climate

“I wish | had an answer to that
because I'm tired of
answering that question.”

Yogi Berra




Bridging the Gap for Adaptation Action
=  Climatic risks are increasing

=  Adaptation will be required to reduce the risks
3 Governance and institutional concerns must be addressed

Contrarians Climate scientists
M ¥ ‘—._--,L = -
sy __ "T'I' This ship JI'
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Environmentalists
= Thelife boal _J
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http://ourchangingclimate.wordpress.com/2011/05/16/different-approaches-to-climate-problem/




