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Climate Change and Water Resources

As the nation struggles with a
record year for storms, drought,
and weather-related devastation,
there iIs renewed focus on the full

range of vulnerabilities related to
water resources.
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Extreme Storms and Floods
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Extreme Wet Weather Events

ATwo times more rain fell in
Ohio Valley during April 2011
than in any other April on
record

AExtreme floods in May 2011
Increased Mississippi River to
record depth of 60 feet
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Extreme Storms and Severe Droughts

- THE EXTENT OF REGIONS AFFECTED BY
DROUGHTS HAS ALSO INCREASED
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Another Year of Droughts and Wildfires

September 7, 1999
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Climate Change - Water Resource Planning

AClimate change is
recognized as one of the

most influential factors =
Impacting our future water B

resources
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Climate Change - Temperature

AGlobal average surface
temperature has increased by
1.371 1.7°F since 1900

AProjections indicate temperature
will continue to increase by
0.3°F per decade
(Dahlman, 2009)
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Climate Change Connections
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Climate Change - Precipitation

Alncreased numbers of violent storm events,
hurricanes, tornados

ASignificant changes in the seasonal timing of
runoff

Aln the Midwest, most agree we will see longer
periods of drought alternating with more
Intense rainfall events

General Consensus:
Our Climate is Changing
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Climate Change Connections

Alncreased Temperature
I Increased water demand in summer

I Increase in evaporative losses
ADecreased lake levels
Alncreased pollutant concentration
Alncreased nutrient concentrations ~ algal blooms

ADecreased dissolved oxygen

Increased Variability in
Water Quality and Water Quantity
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Climate Change Connections

Alncreased Temperature
I Increase in severe storms
Alncreased flooding ~ changes to reservoir operations
Alncreased risk to water and wastewater infrastructure

Alncreased CSOs and nonpoint pollution

Increased Variability in
Water Quality and Water Quantity
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Climate Change Connections

AChanging Timing of Precipitation
I Reduced precipitation in summer (with higher water
demands)

‘ Reduction in reliability of water supply sources
I Drier soils ~ increased agricultural water use
I More frequent droughts

Increased Variability in
Water Quality & Water Quantity
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Impacts on Water Infrastructure Planning
and Design
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Infrastructure Planning

City administrators, land-use planners, mayors,
and other key decision makers face questions
about to how to better prepare for, and deal
with, the impacts of climate change.
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The Problem

AMunicipal infrastructure
systems traditionally
evaluated and designed
using historical precipitation
data
I Stormwater and flood control
I Water supply

I Wastewater systems
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Design Storm Planning

Alnfrastructure commonly modeled and sized using
the design storm as the standard for system
capacity

AUnderlying assumption is that the design storm is
definitive and unchanging

I 100-year storm/flood = base flood
I 10/25-year storm system design criteria
I Sanitary I/l based on known historic GW levels

I 100-year drought for supply planning
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Design Storm i Historical Records

AStormwater and Floodplain
Management

I Retention/detention facilities

I Storm sewers, roadside
drainage

I Dams and spillway capacity

I Floodplain limits ~ areas of
nigh flood hazard

ALimits of development
AElevation of structures
ABridges

ARoadways
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Design Storm i Historical Records

AWastewater treatment and
sanitary sewer systems

I Elevation of treatment facilities
I Wastewater permit i .
ALow flow in rivers based on historic [##g2zi =~ £ :
stream flow data for wasteload T e
assimilation

I Assume historical levels of
infiltration and inflow into system

Alncreased seasonal groundwater
table

Alncreased inflow during extreme
storms

Alncreased CSO or SSO events
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Historical Drought T Water Supply Planning

AReservoir yield is the amount of water that may
be withdrawn at a constant rate from the
reservoir

AThe Safe Yield (dependable yield) is the rate of
withdrawal that can be relied upon during critical
drought conditions

BASED ON HISTORIC RUNOFF DATA

Reliability of Yield <= Vulnerability of Supply

Brown~cCaldwell



Historical Drought ~ Water Supply Planning

Reliability of Yield 4= \ulnerability of Supply
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Climate Adaptation

AFocus on predictive modeling at regional level

AModels to evaluate the impact of shifting rainfall
pattern on water supply resources and droughts

ALimited research on impacts to other infrastructure
systems

I Limited modeling of storm and sewer systems with
15% increase In rainfall depth
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Water Supply: Adaptive Management

Galena

AWater Supply Reservoir Operations ... = =

I Drought Management R

i Emergency Supply Alternatives

I Flexible and Diverse Supply Sources ™ = |
ADemand Management i ¢ Zmas
AWater Quality Management

Brown~cCaldwell



Stormwater: Adaptive Management

ALow impact development (LID)

AStormwater management

I focus on existing development
retrofit

| offset impacts of extreme storm
events

Install Ramscapes myoufya“{ 8 | Rainwater harvesting

4-——-— I Infiltration BMPs,
| Increased GW recharge

I Impervious area reduction
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Water Utility Adaptation Planning

AClimate Ready Water Utilities ~ EPA Workgroup

I Assess/plan
I Implement and evaluate solutions

AAsset rehabilitation and repair
AManagement of surface water resources

AManagement of water quality
IACl i mate readyo for reduce

APrepare for challenges not experienced to date

CLIMATE READY

WATER UTILITIES
<EPA
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CREAT (EPA Tool)

AClimate Resilience Evaluation
Awareness Tool (CREAT)

I Water and wastewater utilities

I Inventory utility and climate
change concerns

I Evaluate risk and inform
adaptation planning

I Limited by regional climate model
and generalized adaptation
strategies
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Climate Change: Sustainability Planning

Sustainable Utility Planning
for Climate Change

NRDC, Thirsty for Answers, 2011
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Thirsty for Answers, NRDC 2011

Thirsty For Answers, NRDC, 2011

ACommunities developing climate resiliency
plans to limit water-related vulnerabllities

AStart with vulnerability assessment

I Some have included climate modeling,
others use general climate projections
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CASE STUDY: Chicago, lllinois

AStatistics
I 2.8 million in population
I Lake Michigan
I 1BG water supply
I 7 wastewater treatment plants
A1.4 BG of wastewater treatment

ACSOs discharge during heavy rain events
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Chicago Climate Vulnerability

APotential Impacts of Climate Change
I Increased annual precipitation
I Shift in precipitation
AMore rain in winter
ALonger dry periods in summers
I More frequent and intense storm events
I Increased risk of flooding
I Increased risk of CSO discharges
I Decreased level in Lake Michigan
I Increased frequency and extended periods of droughts
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Chicago Climate Vulnerability

AlLake Level

I Predictions range from drop of 4.5 to 5 feet by 2090 to
more modest 1.5 feet during same time period

I Expansion of intakes to deeper water

I Greater pumping requirements

I Increased treatment to remove turbidity

I Increased dredging of channels for commercial use
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Chicago Climate Vulnerability

ABy 2070, average
annual rainfall ?
Increase by 51 10% @ Historica
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AFrequency of intense
storms (>2.5
iInches/24hours)
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Chicago Climate Vulnerability

Almpacts of Heavy Storms and Waves on Chicago
I Increased shoreline erosion
I Contaminated drinking water and recreational water
I Damaged roads and bridges

I Crop damage
|

I Property loss <
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Chicago Climate Action Plan

Alncreased Temperature

I By 2100, Chicago summers could feel like summers in
Texas or Arkansas today

I Warmer summer temperatures combined with longer
summer dry periods increase likelihood of summer
drought and increased water demand

I Increased demand for power generating plants to draw
more surface water for cooling due to increased
demand for electricity for ac units

Brown~cCaldwell



Chicago Climate Vulnerability

Alncreased evaporation (higher temperatures) will
Increase pollutant concentrations and create
conditions for increased outbreak of diseases

Alncreased concentration of nutrients ~ algal blooms,
higher treatment costs, more frequent beach
closures

Almpact wetlands and wildlife habitat

AReduced length of ice cap, increased evaporation,
Increased navigation, decreased water level,
Increased dredging needs
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Chicago Action Plan

AChicago Climate Action Plan (2008) for reducing
greenhouse gas emissions
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Brown»Caldwell



Chicago Action Plan

ALocal Adaptation Efforts

I Stormwater management
ordinance

A20% increase in permeable surface (388 §
In 265 development projects since -
2008 (55 acres pervious surface)

Alnstalled 120 green alleys~
converting 32,000 sq ft of
Impervious to pervious surface

ASewer model ~ used to evaluate
green vs. sewer CIPs have greatest
Impact on CSOs; future model with
predicted precipitation
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Climate Change Modeling: Ohio
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MORPC Scioto River Climate Change Model

ATwo-phased study >
APhase I: Watershed Model S
Climate Change Impacts i
I Downscaling climate data % )
I Regional rainfall-runoff model of
the Scioto River Basin - ) ”
I Model to include:
AEXxisting and future land use e = 2
AExisting streams
AWater supply reservoirs
I Model outputs available late in .
2 O 1 2 Escinsy Eﬁ Emi fb ‘?
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MORPC Scioto River Climate Change Model

APhase II: Adaptative Management Strategies
I Evaluation of existing water uses
I Projected impacts related to climate change
I Infrastructure and supply vulnerability assessment
I Adaptive management options to mitigate risk

AAIl uses and requirements for water sources (Municipal
Water, Wastewater, Agricultural, Industrial)

ADemand Management, Supply Operational Changes,
Infrastructure protection

I Study funded in part through grant from OWDA, and
with support from City of Columbus DPU and Del-Co
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University of Dayton, Climate Model

AModel based on historical precipitation data and
global climate models

AOhio should expect extreme flood events more
frequently and with greater intensity in coming
years

AAnN increase in water pollution is also forecasted
with drier summers and wetter winters
I 100-year flood events in the Dayton area are likely to
Increase by 13%

I 100-year flood is likely to occur more frequently, about
once every 35 years

Shuang-Ye Wu, Hydrological Sciences Journal
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OSU Climate Change Research

GLOBAL CHANGE LOCAL IMPACT - TR OSU Climate Change
: e " Qutreach Team
AMultiple department
Partnership

Regional Impacts of Climate Change on
Forests and Bird Communities

:.‘? Thursday, September 29, 2011

AGoal: help localize the
climate change issue by
bringing related research
and resources to
residents of Ohio and the
Great Lakes region.
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