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Xylem — a global water technology company based in New York

WE ARE A WATER INDUSTRY LEADER WITH GLOBAL REACH ...

« Leading global water technology provider

» Approximately 16,800 global employees

« Headquarters: Rye Brook, NY; ~350 global locations
* Doing business in 150+ countries on 6 continents

* $4.7 billion in combined sales in 2017

...UNIQUELY POSITIONED TO HELP OUR PARTNERS
SOLVE THE WORLD’S WATER CHALLENGES
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Advanced Infrastructure Analytics to transform water management

Who we are

A new platform of disruptive technologies to help
water utilities substantially reduce capital and
operating costs by eliminating waste

What we do

We use data analytics to help utilities monitor,
optimize and control condition and performance
of water and wastewater networks

Our impact

We create outsize economic and social benefits,
reducing non-revenue water and sewer overflows,
and cutting capital and operating costs through
predictive analytics and design optimization
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Addressing water as a natior

B i

Desalination




Could water be the issue that defines a leader’s legacy?

e . S

3. Can anything be done?



Transforming water with technology

* The call to action

 Transformation opportunity

« What leaders can do

Image credit: WaterCanada




Vital signs: Our infrastructure is failing

St ot

30 percent non-revenue water
240 thousand water main breaks
8 5 O billion gallons of raw sewage released
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Utilities are no more productive today than they were in 2000

Changes in output per hour by sector, 2000-2010
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Source: NewWorld Capital Partners, US Bureau of Labor Statistics

Source: NewWorld Capital Partners, US Bureau of Labor Statistics
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Meanwhile, America is facing a water affordability challenge

6% Rate | 41% Rate . @'PLOS | one

Increase Increase -
Annual water bil $1,440  $1,526.40  $2,030.40 ;ES;*:‘;';A;:‘:?“Q Crisis?
Minimum annual income to~ $32,000  $33,920  $45,120 . A Nationwide
afford water bill . Assessment of the
Percent of households 11.9% 14.7% . Geography of Water
below affordability . Affordability in the
benchmark . United States

Elizabeth A. Mack, Sarah Wrase
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Pick Two: The policy trilemma of international macroeconomics
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Source: Economist
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Free capital
mobility

Pick one

side of the

triangle
Exchange rate Monetary
management autonomy

xylem
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We have a policy trilemma too!

Addressing
Investment Needs

» Deferred investment
* Rising populations

* Climate resilience

Affordability Gy Pr0OCESS Stability

* Unit costs too high

* Costs rising faster
then incomes

» Cost recovery needed

XYLEM PROPRIETARY / CONFIDENTIAL

Unsustainable .
» Compliance

* Risk aversion

» Capabilities

xylem



Support for investment in water infrastructure is strong

Third Annual Value of Water Index

Rebuilding America’s infrastructure 8 O %
80%

Legal status for Dreamers . Of Americans say
0) :

- investing in water
Defense funding P .
| infrastructure is
Repealing Obamacare . more important
.~ than every other top Federal
Building a wall L :
Issue right now

Value of Water thevalueofwater.org

CAMPAIGN <
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The public wants state governments to act

Businesses

] estie
waters . Americans expect
Consumers . governments at all levels,

businesses and a range
Federal government

. of other entities to
State governments ensure access to

. clean drinking water —
Local governments but states face the highest

expectations

Bl American Consumers Experts
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Transforming water with technology

« The call to action

« Transformation opportunity

« What leaders can do

Image credit: WaterCanada




There are several sources of transformative potential in water

21

Gains from Trade

Economies of Scale
and Scope

Description

Example

Exchanges between entities with
different cost structures creates value

Fixed costs can be spread across larger
organizations to increase productivity

* NYC Watershed Agreement
Nutrient trading
Bubble permits

Vertical or horizontal integration

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Technology and
Innovation

XYLEM PROPRIETARY / CONFIDENTIAL

Changes in technology can materially
increase an entity’s productivity

Avoidance of capital or operating expense

Focus of today’s discussion



A decade is along time

There is no state with a
democracy except Libya
on the whole planet.

—Muammar al-Gaddafi

2006 2007 2009 2011

xylem

Let's Solve Water

seenne  NETFLIX

xylem
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Changes in 12 years: Computing
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Changes in 12 years: Biomedical Technology

mm Historic Cost Per Genome

mm Moore’s Law

mm Moore’s Law Forecast

mmm Historic Rate Forecast

Source: Brookings, Wikimedia
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Disruption is coming to the water sector

Trends

* More data:
Greater temporal, spatial, parametric data density

* More useful data: = -
Increasing interoperability of smart applications ls rU Ptl on
=t e 2 u;-'a?"".nl" ke BT B B o0
Y ALY G A e v,
.' & ; . “ ) A '.:I L - P_D F' 'l"":l - i : - L ? )
. r Y8 L a 5 R

« Better analytics:

from situational awareness to decision support a .
o . " ¢ g o - i o &
v v - < < g Y e
. & | ; &
Benefits ¥ e g e
 Improved public health, environmental outcomes .- g
* Less capital and operating intensity — affordability b

 Better work experience
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In the next 12 years, innovation will transform water

$480B
quipmen Vgltléekeat .+ $100B at stake as disruptive

technology unlocks value

Engineering

* Much of this surplus will be
captured by end users and
ratepayers

 Creates opportunity for
needed reinvestment

Current Future

Source: Global Water Intelligence, Team analysis
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Three big ideas for water

From the ER “‘UEA-MEP” “If It Ain’t Broke...”
to Primary Care
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Detect events in real-time with greater sensor density

20m
M»U]/ 30m
Sudden consumption Pipes burst due to T\
activity at 03:45am high stress on the
causing transient stress pipe caused by
of 20m fluctuations on sudden consumption
the pipes

xylem
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Drive to root cause with data integration and analytics

DMA inflow Pressure Increased
Increase transient acoustic noise
detected detected detected

BE0OER

Stable customer
consumption
detected
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Preventing Breaks

Addressing sources of pressure surges
removes fatigue and reduces failures

Absolute pressure change over time

120

100

Speed controller and
( Surge tank installed

80
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,,,,,,

Singapore’s Intelligent Water Network

Alarms intelligently ingested and visualized




Three big ideas for water

From the ER “UEA-MEP” “If It Ain’t Broke...”
to Preventative Care
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Adam

Nata <,
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Adam 4:34 PM

hey Al, totally out of nowhere, but you are the only person I
know in the water industry, and I have to imagine you are likely
the best person to know in the water industry in North America.
1) Can1ask you what you know about urban river remediation?
I recently got a place on the north branch of the Chicago River,
and I went kayaking there recently, and was amazed that under
every bridge there are signs that say, "when it rains, I dump raw
human waste, and you are required by law to tell the health
department if you get a skin infection from it" etc. BLEW MY
MIND. Do you know who or what I can support to even
understand and advocate river cleaning stuff?

Like, this is kind of true:
https://www.nytimes.com/interactive/2018/08/02/us/chica
go-river-waterfront.html

but also, there’s human waste in the niver,




Traditional solutions

Hawalii:
Missouri:
Ohio:
Missouri:
Indiana:
Florida:




Intelligent urban watershed

Control the urban watershed to improve
the environment while saving taxpayers money

-
- - YT “'.. -:. - i ..

_ o s
" Internet of Things/ = _— :
Edge Computing Dynamic Control




Measured Flow: S150-233

20
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Flow (MGD)

0
Apr 30 May 7 May 14 May 21

2017

xylem
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5 weeks

20
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0
Apr 30 May 7 May 14 May 21
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10 weeks

20
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2017

xylem
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15 weeks

20

15

10

Flow (MGD)

o Apr 30 May 7 May 14 May 21
2017
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40

QOutcomes of active control

More rain, fewer overflows — with less expenditure

3500

3000

2500

2000

1500

1000

Overflow Million Gallons

50

o

2006 06 07 08 09 10 11 12 13 14
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Hdw South Bend, Indiana Saved $100

M|II|on By Tracking Its Sewers

Jac k\xh =n the Big Th
l ntil it wasn't. Not
year lv;d .dt.‘}\!lx\’:_".‘l-él. shake

, Indiana, was a thrivin mdx trial city.
li::t ns turned to Peter Buttigieg, a 31-
lly any surprise that he ng iv?

xylem



Three big ideas for water

From the ER “UEA-MEP” “If It Ain’t Broke...”
to Preventative Care
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A Tale of Two Pipes

1920s Cast Iron Pipe,
Great Condition

1970s Ductile Iron Pipe,
Failed

» Age Rarely Correlates With Condition
» 70% To 90% Of Replaced Pipelines Have Remaining Life
 Better Data, Advanced Analytics and Risk Management Strategies Can Save Billions
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Artificial Intelligence Improves Standard of Care
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Traditional risk Al-based risk
management management
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Dramatic risk, cost and time improvement
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Al, Surgical Application & Risk

Do taxpayers want us to
replace good pipes?

Pre Inspection Plan Post Inspection Plan

$6M $1M
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Transforming water with technology

« The call to action

« Transformation opportunity

« What leaders can do

Image credit: WaterCanada




Could your governor leave a legacy of...

/o ————

Achieving water security?
~Ending sewer overflows and algal blooms?

Ensuring water affordability?



Set performance metrics and incentives

 Benchmark performance
 Encourage innovative targets

Set productivity goals



Be a water innovation champion! e
\

!
» Shine a spotlight into the sewer

bottlenecks
”~

* Fight for common sense




Thank you!

xylem

Let’s Solve Water
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Building Resiliency into
Agriculture Water with
Advanced Technology & Policy

Innovation

Tracy Streeter, Director, Kansas Water Office

Robyn Grimm, Senior Manager, Water Information Systems, Environmental
Defense Fund

Moderator: Joaquin Esquivel, Board Member, California State Water
Resources Control Board




Groundwater from aquifers provides drinking water for
HALF THE U.S. POPULATION

NEARLY ALL THE RURAL POPULATION

and provides over 50 billion gallons per day for
agricultural needs



Cumulative Groundwater Depletion 1900-2008
https://water.usgs. gov/edu/gwdepletlon html
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Figure 2. Map of the United States (excluding Alaska) showing cumulative groundwater depletion, 1900 through 2008, in 40 assessed
aquifer systems or subareas. Index numbers are defined in table 1. Colors are hatched in the Dakota aquifer (area 39) where the aquifer

overlaps with other aquifers having different values of depletion.


https://water.usgs.gov/edu/gwdepletion.html

Impacts of ground water depletion include dry wells, land subsidence, saltwater
intrusion, reduction of water in streams and lakes, deterioration of water quality,

increased energy and costs for pumping.

-

= fiB.

Dry
Well

WATER Tag

Subsidence

Cone OF
Depression

Impacts of overpumping of ground water and
ground-water depletion

Source:

College of Alameda Physical Geography

Saltwate
Intrusion




KANSAS APPROACH TO
GROUNDWATER
CONSERVATION

National Governor’s Association

Water Policy Institute
September 11, 2018




' The Ogallala-
High Plains
Aquifer
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The Kansas High Plains Aquifer




2015 Kansas Water Use — 4.3 million acre-feet

19 ~1%

m Industry

M Irrigation
» Municipal
m Recreation

m Stockwater

1 acre-foot = 325,851 gallons



2015 Ogallala Water Use — 2.85 million acre-feet

M Irrigation
M Municipal
W Industrial

m Stockwater




Kansas Water Laws

1945, Kansas Water Appropriation Act created (Prior
Appropriation Doctrine)

1972, Groundwater Management District (GMD) Act. —
Authorized local unit of government to lead in local
water conservation efforts

1978, GMD Act amended authorizing Intensive
Groundwater Use Control Areas (IGUCA)

2012: Local Enhanced Management Areas (LEMA)
authorized for GMDs

2012: Eliminating abandonment of groundwater rights in
closed areas. AKA repealing “use it or lose it”

2015: Water Conservation Areas (WCA’s) authorized

2015: Requirement to give due consideration of past
voluntary conservation in all conservation programs
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“Water and the Kansas economy are
directly linked. Water is a finite resource
and without further planning and action

we will no longer be able to meet our

state’s current needs, let alone growth.”

- Governor Sam Brownback




If We Take No Action
in the Next 50 Years...

 The Ogallala will be 70% depleted

« Another 40% of the area irrigated by the Ogallala
won’t support a 400 gal per minute well




uifer declines 1996 - 2017
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Governor’s 50 Year

Water Plan
aka...Kansas Water

Vision
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Local Enhanced Management Areas

(LEMA)

o It LEMA established in Sheridan County

— 100 sg mi, 5 year, 55” allocation per water right, 20% reduction
— 5thyear complete, renewed for 5 more years
— Economic evaluation showed no significant impact

Interpolated 52016 Water Lovel Change
Th eridan Counties, Kansas

interpolated Water Level Change*, Sheridan County 6 (SD-8),
Average 2001-2003 to Average 2011-2013

Water Office



LEMA Expansion in NW Kansas

* Approved GMD #4 District-Wide

GMD No. 4 District-Wide LEMA
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GMD 4 District-wide LEMA legal challenges

* In Gove County District Court (Friesen vs. Barfield), petition for
judicial review filed, challenges the process to develop the LEMA
order and the validity of K.S.A. 82a-1041 (the LEMA statutory
provisions), particularly allowing allocations that do not consider
priority.

* In Thomas County, a petition for judicial review filed seeking review of
the LEMA order, esp. as related to GMD’s authority to make final
decisions on allocation appeals.



WCA Status

e 23 approved or pending
— Nearly 25,000 irrigated acres enrolled

* Level of conservation ranges from 10-29% of average water use
in approved plans

* Multi-year allocations
* Flexibility to move water between enrolled water rights
. Totally voluntary

Water Office



Water Technology Farms

12 farms
participating
KSU, Northwest
Tech and private
consultants
provide water
management
advice
Public/private
partnerships
securing the S

Showcase on a field scale, the latest technologies in irrigation infrastructure, irrigation water

management, soil moisture management, conservation tillage, automation telemetry and other
agronomic practices aimed at reducing water use.




12018 Water Technology Farm
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KANSAS .
CURN il
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Ce¥nestoga

energy partners, LLC
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SIMPLIFIED IRRIGATION ¢
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Measuring soil moisture is key
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Create New Season.

Clear
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Humidity: 61%
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Last Irfgation/Rain:
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Show Growth Stages Irrigations Root Growth Projected Summary Active Root Zone: Sensors: 1 - 5§

Available Moisture
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Public outreach and other act|V|t|es
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Laurie Bedord

Successful Farming Advanced Technology Editor
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TF/WCA Results

: v AT
l NS Missouri 2
Solomon!- Republican [ B
_ I L =
Uy Republican 2 r Ka % A1
50 = = . il o & Z
i WA RS Be
| o Vi o el e cE e M £
Smoky Hill - Saline b
| i |
Upper Smoky Hill 2
l : |

aaaaaaa

= -\ I
e Roth - Garden City
— Yield — 241 bu. on' 5
— Neighbor’s yields - Added probes in’17
- 233 bu. on 14” - 9.8" applied
e 222 bu. on 13.5” - Yield 208 bu.

- Saved S74 per acre
on pumping costs

Franklin Farms-Goodland

— Soil moisture probes
made the difference

Water Office



MEASURING SUCCESS

T&O Water Farms
2000
s
1500
1000 ¢
500 Water Technology Farm
0 L

2017
Water Use Water Use Water Use



e NW Tech & Local Irrigation
Companies partnering with
neighboring landowners, GMD 4
and KWO to develop water
technology farms within the
Precision Ag Dept at NT

e Students working on campus &
in the field to develop irrigation
water management skills

* Irrigation Technology (soil
probes, Variable Rate Irrigation)
and Scheduling to demonstrate
water savings and profitability

e Six farms participating this year
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OpenET

Filling the Biggest Data Gap in Water Management
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We Need a Smart Meter for Irrigated Agriculture

Measurement Enables Us to...

e Establish realistic water budgets

e Incentivize conservation and
innovation

e Give proper credit for reduced use

e Reduce the transaction costs for
water trading programs

e Increase urban and on-farm
efficiencies

80
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Water use in agriculture is challenging to measure

Water applied to a field does one of four things:

. Evaporates

. Transpires (after being used by plants to grow)
Recharges groundwater basins
Runs off and returns to a local canal or river

81
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There Is a proven method for measuring ET, but...

Satellite Ground-based
ET algorithms

imagery weather data

82
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Why is OpenET Needed?

Access to

ET Information Today With OpenET
Cost High

Comparability variable

and Trust

Scope Limited

Accessibility Low

83
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Project Goals: OpenET envisions a future in which...

Reliable ET data are
oroduced and available at
ow cost, and easily
accessible via etdata.org
for any area within the
Western US.
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Project Goals: OpenET envisions a future in which...

There is trust in the validity
of the data and information
provided by the platform,
and it is utilized by private
and public resource
managers at the local, state
and federal levels.

OPEN=T ”



Project Goals: OpenET envisions a future in which...

= A variety of sustainable

e resource management
practices are enabled
at a much larger scale
than is currently possible

OPEN=T *




Project Design and Execution

EE Algorithm & Platform Development

2 R P I P v

Front End Development Coordination, Project Water Community
| Management & Outreach

v /
e \)\*-;
// +

/N

/N

End Use Applications
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Project Design and Execution

oo
%)(m) ';l,_", D) %

EE Algorithm & Platform Development

o 0Oo

riylt

Coordination, Project
Management & Outreach

Water Community

End Use Applications
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OpenET Use Cases will Guide Development

Approved

Colusa GW Authority
’- J

Proposed

Water Trading

Groundwater
Management

Irrigation and
Crop Mgmt

| TNC / System Conservation
| inthe Upper CO River Basin
<" N -

- .7 .- " “ 29 ‘_ . 2 ._ -~
- - . . ﬁ - Y
7 N Y “hp_;x
McDonald Island, CA i ._ 3 u —

— - »_T—’r~'."9'-'
: 7 .‘g’ ;,“ il"l;’:.r

CAAImondBoard CA ‘; e )

e Y

Watershed
Management

Regulatory
Compliance

f-:i_u N 4?‘ A V* _' - ] ' .
2 r( e gt
Rosedale-Rio-Bravo W.S.D., CA \ B \Watershed Mgmt with a Major ; T .
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Partnering with experts to guide development

California Working Group - Colorado River Basin Working Group -
Organizations Represented Organizations Represented

1. CA Farm Bureau Federation 1.  Audubon

2. CA Dept of Food and Ag 2. Wyoming Office of Engineers

3. Sustainable Conservation 3. Metropolitan Water District

4. Gallo 4. Arizona Dept of Water Resources

5. CA State Water Resources Control Board 5.  Wilson Water Group

6. UC Ag Issues Center 6. Utah State Univ.

7. David’'s Engineering 7. Nevada Division of Water Resources

8. Governor’s Office of Planning and 8. New Mexico Office of the State Engineer

Research 9. US Bureau of Reclamation
9. CA Dept of Water Resources 10. Utah Division of Water Resources
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a— Training = Privacy = Data | APl | FAQ | About Q
@ P E N = I Filling the Biggest Gap in Water Data
G

Explore Data Case Studies Secure Dashboard

Search v Date Range v Time Interval v Data Layer

() Location: 34.993, 78.321 [/} Exportimage ¥, Download Data & Print

Graph description - lorem ipsum dolor sit amet
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Sign up for updates at etdata.org

WHAT ISET WHY IS IT NEEDED O | E N WATER MANAGEMENT TOOL

Filling the Biggest Data Gap in Water Management

Sustainable water management is one of the most challenging issues of our time, especially in arid regions like the western U.S. The health of communities, rivers and wildlife depends on
adequate water supplies, and nothing is more important to agriculture’s ability to produce food for the world’s growing population. Maximizing the benefits of our water supplies requires
careful measurement of their availability and use. For irrigated agriculture, evapotranspiration (ET) is a measure of the water used to grow food, and is the biggest water use in most arid

environments around the world. However, access to this data has been limited and expensive, keeping it out of the hands of most water users and decision-makers.

OpenET aims to provide open and easily accessible ET data for improved water management.

Sign Up For Updates




Contact

Robyn Grimm, PhD
Senior Manager, Water Information Systems
Environmental Defense Fund

rqrimm@@ edf.org
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NGA==>

NATIONAL GOVERNORS ASSOCIATION

Networking Lunch

Tables will be organized by key topics, please find a
seat at a table of interest to you
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NGA==>

NATIONAL GOVERNORS ASSOCIATION

Small System Regionalization:
Policies, Tools, & Technology to

Meet Rural Water Needs

Olga Morales, New Mexico Regional Manager, Rural Community Assistance Corporation

Blanca Surgeon, Building Rural Economies Coordinator
Rural Community Assistance Corporate
Moderator: Radhika Fox, Chief Operations Officer, U.S. Water Alliance
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Small System Regionalization: Policies, Tools,
and Technology to Meet Rural Water Needs

Radhika Fox
CEO, US Water Alliance
@radhikafox
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The fragmented state of the water sector
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A spectrum of solutions

Consolidated
Entities,
Unifying

Governance

Agreements,
Contracts

Imposed
Districts,
Regionalization

Partnerships Franchising

Individual Utility

Full Legal
Autonomy

Consolidation

7)), US Water .
j Alliance www.uswateralliance.org
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Imagme a Day

] Without Water
October 10 2018

Imagineadaywithoutwater.org/signup




& RCAC
AY " www.rcac.org

COMMUNITIES :
Unlimited ‘




Services by Region ol h/R@,élthi'

Housing

Community &
Economic Dev.

Lending Environmental

Environmental

/ Housing

Environmental

Housing

Community &
Economic
Development

Environmental
Housing

Community
Development

Lending Entrepreneurship
& Economic
Development

Environmental

Technical Support




RCAP National Office Roles

Policy
development,
advocacy and
applied research

Funder
relationships,
grants
management and
development

Partnerships
and convening

Communications

Hruralmatters

Coordination
of tools,
training,

best practices

The Big Guide for Small Systems:
A Resource for Board Members

R(pj'/'qt’-) RURAL COMMUNITY ASSISTANCE PARTNERSHIP
-4 an equal opportunity provider and employer




Regionalization
a national picture

Technical,
Managerial and
Financial
Outcomes

NGA Water Policy
Woater Affordability

RCAP National Photo Contest Winner 2018 (Landscape Category):Andrew Nordbye




Breakout Sessions

State Level Action to Combatting the Cyber
Address Drinking Water Threat to Water

Contamination

Infrastructure

Mike Zimmer, Cabinet Directors, Travis L. McLing
Executive Office of Governor Rick Energy Water and Chem-Bio Lead

Snyder Idaho National Laboratory
The Center for Advanced Energy Studies

Alex Schaefer, Legislative Director,
Government Relations, Natural
Resources Committee, National

Governors Association

Sarah Leeper
Vice President & General Council
California Americans Water, Hawaii American




NGA=>

NATIONAL GOVERNORS ASSOCIATION

Finance Innovation: Using
Environmental Impact Bonds to
Attract Private Capital & Share

Performance Risk

Eric Letsinger
Chief Executive Officer
Quantified Ventures

Moderator: Benjamin H. Grumbles, Secretary of Environment, Maryland
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2018 Water Policy

Institute

Day 2: September 12, 2018




NGA=>

NATIONAL GOVERNORS ASSOCIATION

Beneficial Uses of
Stormwater & Reducing the

Cost of Pollution Controls

Annalisa Kihara, STORMS Unit Chief, Division of Water Quality, California State Water
Resources Control Board

Kara M. Boyles, City Engineer, City of South Bend

Dr. Stephen Weisberg, Executive Director, Southern California Costal Water Research Project

Moderator: Bevin Buchheister, National Governors Association



2018 Annual Water Policy Institute

September 12, 2018

Annalisa Kihara, PE %
STORMS Unit Chief 'v

Division of Water Quality

STATE WATER RESOURCES CONTROL BOAAD
HEGIONA WATER QUALITY CONTROL BOARDS




Presentation Outline

Setting the Stormwater Stage

How the California Water Boards are rethinking stormwater
management — Stormwater Strategy (STORMS)

Efforts Supporting Stormwater Capture and Use in California
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PART 1
Setting the Stormwater Stage




Setting the Stormwater Stage

Hydrologic Cycle in the Natural Landscape

30% Evapotranspiration

G

| 10% Surface Flow -

40% Infiltration




Setting the Stormwater Stage

Hydrologic Cycle in the Urban Environment

15% Evapotranspiration

75% Surface Flow to Pipe

o2 R 2 o R
" 5% Interflow

5% Infiltration

Photo: Nevue Ngan Associates




Setting the Stormwater Stage

stormwater Runoff Mobilizes
Contaminants

To name a few...

* Trash

* Sediments

e Metals
Nutrients
Oil and Grease
Pesticides
Temperature




Setting the Stormwater Stage

Conventional Management Devalues Water




PART 2
California Water Boards —

Rethinking Stormwater Management




Revisit to Stormwater Management

Continued water
quallty issues

—
A
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-
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B California Water IR, S S S,
Action Plan (2014)- BEESSGEIES oges nﬂ-‘iﬂﬁfg’}*"
calls for multi-benefit BT =~ ™ - RS e A
stormwater solutions
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Storm Water Strategy

Y » iy
| P v .
! ¥ - .
’. v - . S s .
7o >’ (3

£

Vision:
i Storm Water is sustainably managed and utilized in California to support water quality and water
availability for human uses as well as the environment.

e RN _ - RS o N
= :‘;""r, . .
28 Mission:
— To lead the evolution of storm water management in California by advancing the
. perspective that storm water is a valuable resource, supporting policies for collaborative \

i watershed-level storm water management and pollution prevention, removing obstacles
-f‘”-;? to funding, developing resources, and integrating regulatory and non-regulatory interests.

bert Perry



Storm Water Strategy

STORM WATER STRATE
CALIFORNIA WATER BOA

Change the perspective of storm water from a
nuisance or hazard...

—
o,

......

The Day After Tomorrow, 2004



Storm Water Strategy

...to a valuable water resource

selected native
. ' ; _ plants and
filter strip R § : hardy cultivars

water flow

----.-*

=

impervious _ . planting
surface retention and e > soil mix
filtration zone "

no liner or
filter fabric

hartriverrestorationassociation.org beter o




Storm Water Strategy

Projects - 23 Total
PHASE | PROJECTS
*Deliverables and project completion targeted
within 4 years of initiation z

PHASE Il PROJECTS
*Scope and priority will be influenced by lessons learned from Phase |
*Targeted for completion within 8 years of initiating the program

PHASE Ill PROJECTS
*Targeted for completion within 12 years of initiation the program




Phase | Projects

Phase | Projects

. Promote Stormwater Capture and Use
. Eliminate Barriers to Storm Water Capture and Use
. Develop Guidance for Alternative Compliance Approaches

. Develop Watershed-Based Compliance and Management Guidelines and Tools

. Implement Senate Bill 985

. Eliminate Barriers to Funding Stormwater Programs
. Storm Water Program “Open Data”

. Urban Pesticides Amendments

. Opportunities for Source Control and Pollution Prevention




PART 3
Efforts Supporting Stormwater

Capture and Use in California




Stormwater Capture and Use _"\.h

Ind
STORM WAT!
cwe

\/
ormwater capture and use is important in California:

— Stormwater represents a local and underutilized source

* Dry weather flow and wet weather (storm) events can represent a

significant source of water
— Potentially over 600,000 acre feet per year (NRDC, Pacific Institute, 2014)

Reduces pollutant loading in waterways

Restores depleted aquifers

Restores natural watershed processes

Provide for more sustainable water supplies




Common Practices
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Other Technologies — Dry Wells _;‘\_h

Ind

DRY WELL SEDIMENTATION WELL PRE-TREATMENT FEATURE

INLET GRATE €—— FLOW &—— STORMWATER
RUNOFF

stance from drinking — — ] W e

jater wells —

)rmance Design —
nfiltration rate
tenance -
leaning
oring —
h contaminants to

SEDIMENT

re and how often
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Funding Stormwater Programs

ater Board Grant & Loan Programs
oposition 1 Storm Water Grant Program — Multi-Benefit
$200 million in matching grants (Planning & Implementation)

\nnual Clean Water Act section 319(h) Nonpoint Source Funding

lean Water State Revolving Fund o

= | ow Interest Financing g
)rinking Water State Revolving Fund

L?W Interest Financing | ECOLOGICAL WATER STORAGE
Pilot: San Juan Watershed Project ENHANCEMENTS ~

= Santa Margarita Water District Q
= South Coast Water District
ew Water: 500 — 1,400 AFY

WATER QUALITY




Aquifer




Funding Stormwater Programs

er Efforts
dublic-Private Partnerships

— Example: Culver City Costco parking lot expansion

e City of Los Angeles, City of Culver & Costco Wholesale
Corporation COMMOU N I

Outreach material on stormwater program “m m

eeds and benefits

Messaging to public and elected officials
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STOR ATE!
CALIFORNIA T

“We always hope for the easy fix: the one simple change that
will erase a problem in a stroke. But few things in life work this
way. Instead, success requires making a hundred small steps go

right — one after the other, no slipups, no goofs, everyone

pitching in.”

- Atul Gawande; Better: A Surgeon’s Notes on Performance




waterboards.ca.gov/STORMS

Annalisa Kihara, Unit Chief

Strategy to Optimize Resource
Management of Stormwater

Annalisa.Kihara@waterboards.ca.gov
(916) 324-6786



mailto:Annalisa.Kihara@waterboards.ca.gov

Reinventing CSO Solutions

City of South Bend

National Governors Association
September 12, 2018

A CITY OF 50UTH BENDY

5 PUBLIC WORKS



Smart Sewer Technology: Background

e City - University - Industry Partnership
* Funded in 2004 by the Indiana Economic Development Corp.
e Goal: Use brightest minds and latest technology to solve the CSO problem

* Resources:
« $2,000,000
* 7 Professors: (EE, CE, CE)
* 14 Grad. Students
 City of South Bend
e 2 National CE Firms

. EmNet, LLC IND'ANA

A State that Works

— QITY OF SOUTH BEND
%‘ PUBLIC WORKS

Indiana Economic Development Corporation



Smart Sewer Technology: Overview

Let’'s maximize what we have!

Internet of Things/  Big Data Analytics Machine Learning
Edge Computing

Bicklecs Jepes 1 hodden luper 3 hidoes leaes 3

&) ;:.'-\;'I CITY OF 50UTH BENDY
% ¢ PUBLIC WORKS




#1 Turn on the lights
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Composite Manhole Cover

HEZD ratedd, cormson resistant

Embedded Antenna

Hadlate skynal out of manhale cover

Explosion Proof Box
Class 1 1y 1 Sate, comesinn resistant

150 Sensors
Flow and level
/5 Minute Data in Real Time
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Chasqui Processor
IWicaZ-bazed, rugged 10. 2pom RTC

4 D-size Lithium Battery

1Y~ Life, Ternperature Resislant

Max Stream Radio
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Cam Lack Mechanism

\\ ~~—______ [ravent cover from popping out




#1 Turn on the lights

Most Densely Sewer System in the World
11,826,000 hours or 1,350 years of data

) 10,000 20,000 30,000 40,000

— — 2016-11-23 12:35:00
2016-11-23 12:00 = 2016-11-24 03:45 B Go
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ool e OUTY OF SOLUTTH BENTD
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#1 Turn on the lights

4.00
LOOINE030 Vidosity (1)

o LOOIMI0X0 Depth = Structure Diameter (fjf — 2833297 gpm — 57 R gpm
i = jdcai Narnirg Curve == 3517729 gpm w— 17528 52 gpm

Save

St or Gravel Depth = 0.7 [1t]

G2,

ol o ONTY OF SOUTTH BEND
I?*j._{ *<' PUBLIC WORKS



Modelling; the basis of a LTCP

- Custom Date Range [ | 48 03292016 03:00 - D4052016 0200 = 3 { Axis Oplions  Grouping: High =  Chart Mode -

EmMNet Time Series =

29-Mar-2016 to 05-Apr-2016

From | Mar 21, 2016 lo | Apr 1, 2016

A Conservative Model or
an Underestimating Model?

4 .-k =]

Both at the same time! :

1 Ma
C50 006 Overflow Flow (gpm)  — C50 006 Baseline [SWMM] Overflow Inflow (gpm)

& Chan Grid




Better Modelling- using real, gathered data.
CHRS:

of \ ‘ | Cognitive Hydraulic Response System
I’-W‘n';?l.ﬁ —— Measured Data
| ‘ | CTT b » Uses Artificial Intelligence to
| create a self-learning, self-
ol '!~ i ﬁ calibrating hydraulic model.
£ | S| - Built in SWMM
E 4} ' I" lll l | il'm
1] \ Inputs Layer 1 Layer 2
" \ f \ N7 N ™
| | ‘(\'\ ;' "‘1% p(®) = u(r) n') 2 2'()= ¥(0)
2r f \ J P Ll p SR I iy o ¢
| \‘__/J Y “\-x_,__*_h____ _____ B £ |5 T — el |5
| 1 T,J | | | | | - 1 _)@T’
10/2/14 10/2/14 10/3/14 10/3/14 R 1 s’ Sx 1 s
11:40 20:00 4:20 12:40 'll)‘ mp—r
‘% PUBLIC WORKS -




Existing LTCP Model

CSO 006
400
350 . o
200 Nash-Sutcliffe Coefficient for
- Original LTCP Model: 0.29
3 200 o Th (@@L
o
- 150 Zf:l (Qﬁ Qﬂ)
100
50
0
10/2/14 18:00 10/3/14 0:00 10/3/14 6:00 10/3/14 12:00 10/3/14 18:00
——2013 model —Actual
?ﬁiﬂ Y OF SOLUTTH BEMID

"t = PUBLICWORKS



Our new smart sewer derived Model

CSO 006
400
350
200 Nash-Sutcliffe Coefficient for
» 250 CHRS Model: 0.93
=

10/2/14 18:00 10/3/14 0:00 10/3/14 6:00 10/3/14 12:00 10/3/14 18:00
—CHRS —Actual

tﬁ’ CITY OF S0UTH BEND

5 PUBLICWORKS




#3 Operate the Sewershed

Interceptor: ,
“I've got capacity at $3 gL B o CSO 3:
per gallon” - “I'll buy it at $1.5”

“I"'m about to
overflow!”

CSO 6: CSO 22:
“'ll buy it at $2 | “Wait, I'll pay you $4
per gallon” a gallon!

%ﬁ CITY OF 50UTH BENDY

1 7 PUBLIC WORKS
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#3 Operate the Sewershed

STRUCTURE COORDINATES SCHEDULE ‘ [ g \
sn% COORDINATES L
STRUCYURE NORTHING EASTING EmNet
€S0 004 165032.078 | 2348203.768 |
VALVE VAULT 164047.437 | 2348238.708
MANHOLE 3 164040.040 | 2348241.753 | o0 Controlled
DISCHARGE STRUCTURE | 164927.587 | 7348228.414 | Valve
84" RCP | ]

14 FT, 12" THROTTLE
PIPE @ 4,92 X SLOPE—

INH R PTOR
MAM e
S TURE

Interceptor

T

'/

C/ MANHOLE 3
)

GO
a

INV. B82.55

- . A
o

INV/ 662.65

New Throttle

-
THROTILE VALVE VAULT
i fi :

AEP
/ #4023

Diversion
Structure



#3 Operate the Sewershed

Default valve position is closed
Measure likelihood of overflow
Measure Interceptor capacity
 Downstream
e At “time of impact”
Compete for Interceptor Capacity
Modulate Valve

:'}%;d ,, CITY OF SOUTH BEND
% ¢ PUBLIC WORKS



Phase 1 successes: How did we do?

= Overflow Volume, MG @-Rain, IN - » Log. (Overflow Volume, MG)
3000 573 5%6 60
¢—
2500 43 50
45 /Q\
42 41.9
211 F‘ > 2054 399

OVERFLOW MILLION GALLONS

2 / ’

000 365 /&\ 358 o ’
\ ;/ \\ 2.8 ,ﬁ KHE%S
1500 1435 29 X 5 30
@ @
......... 1199
1000 801 .......... 870 “
................. 715 705
.............. 6]2

- 445 410700, S 10

; N B O E.E = l I - -

2006 2007 2008 2009 2010 2011 T 2012 2013 2014 2015 2016 2017

Real Time Monitoring Real Time Control_
System Implementation System Implementation

CITY OF SOUTH BEND
' PUBLIC WORKS

INCHES OF RAIN



Phase 1 successes: How did we do?

= Overflow Volume, MG @-Rain, IN

3000 60
/Removing 1
1000 year
2500 m @ - y
45 - storm of
% 211f 42 @ 41.9 o August 2016
- < .
Ezr)' 2000 365 33 o
pd 33. 5
2 29.5 9.8 o
2 1500 1437 N 30 O
= %
= 1199 E:)
S 2
L 1000 895 20
& 801
= 715
500 445 410 299 467 s D054
- 467
0 . 1587 Million
2006 2007 2008 ‘ 2009 2010 2011 2012 T 2013 2014 2015 2016 fewer gallons
Real Time Monitoring Real Time Control_
H% ATy OF soLTH s SYStEM Implementation System Implementation
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Memorial Park

Old Fire

II

CSo control Phase 1 CSO Control Phase 2

WWTP
upgrades

Station

Ice Rink
BN Storage > :
| Randolph &
. ‘.‘.?z. —>
Bendix Sampson

Eastbank ’ Storage
7 Conduit Nuner

: Diamond Avenue |4
Collection

system controls Oliver Plow | md Leeper Park

Southwood v Parallel BN Brownfield
Vs Interceptor Park

Kensington

:% ”"=:-__ CUTY OF 20LUTH BENI
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Residential Indicator across South Bend

B
g LI

\

Annual Cost per Housahd 364

l—1 ] cwoess - 1.
/] - 2 DO%
B = 4.00%
I - o
| ERCRET \
I - :o0%
S P Rl 4-6%
0 v Limits South Band

o .
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LTCP Phase 2

P oo m I ok ey $8C Phase 2 is an exclusively

\@ e e crey infrastructure

approach. Unfortunately
no smart or green
technology.

e [ Storage tanks
e 1 Storage conduit
* 1 Parallel interceptor

m CITY OF SOUTH BEND
,& PUELIC WORKS
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The many issues with current LTCP Phase 2:

WWTP: Expansion challenges
WWTP: No tank, yet largest CSO

4 small tanks: GSI, Smart sewers,
onveyance sewers can eliminate

Storage Conduit: Constructability concerns for
available space, increased depth.

Far t0o oversized
: ta nk capacn:y

Parallel Interceptor: Would need to be deeper
than existing, construction challenges due to
river bank impact, river infiltration.

WTY OF SOUTH BEND
PUBLIC WORKS




Revising the LTCP

1. Data-driven maintenance created increased capacity;

2. New hyper-accurate model shows deficiencies in old LTCP model;
3. Real Time Control exceeded expectations in reducing overflows;
4

. Original LTCP builds infrastructure but does not address the
problem.

Novel South Bend Proposal:

Use smart sewer data and nhew model to optimize the
LTCP in the cloud!

ST

At o
i A,
= % ¥

e TR

CITY OF SOUTH BEND
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Revising the LTCP: OptiSWMM

 Load Smart Sewer data and model in
cloud

e Let OptiSWMM run every possible
combination

 100,000s of simulation runs

* Objective: find the most cost effective way
of reducing overflows

o

Y

[
..F\ e, K :a\"_l\.-'-
M=

CITY OF SOUTH BEND
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Estaplished 196°

Stephen B. Weisberg, Ph.D.
Southern California Coastal Water Research Project Authority

September 12, 2018



O Stormwater management is a daunting task with multiple goals
O Stream habitat quality
O Flood control
O Water supply

O There are many management (potentially conflicting) options to select from

O Those options are often expensive

O There is a lot of uncertainty regarding success of those investments



O Setting the stage through understanding landscape factors
that define your management options

O Helping with option selection

O Providing ongoing information to support implementation

O Monitoring to help assess success



Flow is a driver

O California has a Mediterranean climate
O Almost no rain for six months in a row

O Greater need for water storage
O Must capture winter flows for use in the summer
O Increased emphasis on recapture and reuse

O Changes the instream flow requirements

O Too much withdrawal or infiltration leads
to dry stream beds

Average Monthly Precipitation
Baltimore,Maryland

Average Monthly Precipitation
Los Angeles County, California



O Amount of landscape development is key to
management

O High imperviousness leads to a rapid rise in flow after
rain, with a rapid return to low flow

O Causes streambed scouring and habitat alteration

O Also shifts the mission from habitat quality maintenance
to flood control

O Scientists are working to define imperviousness
management targefts

O Targets vary with watershed shape, steepness and rainfall

O Know those targets because it is a lot easier to prevent a
problem than it is to retrofit solutions
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O High impervious surface limits
downstream freatment options

O System demand becomes
moving water off land quickly
which overwhelms treatment
plants

O Absence of downsfream
treatment enhances pollution
concerns

O Means that freatment must take
place in the watershed




O BMPs are key to improved water quality
O Many engineering advances ongoing
O Water infiltrates faster
O More chemical contamination is adsorbed

O Must be combined with modeling to predict
effectiveness

O BMP investments will cost billions

O Modeling predicts cumulative effectiveness before
installation

O Modeling also provides guidance on the most
effective locations for deployment



O Stormwater managers must make many real
fime decisions

O How to manage dams or other control
sfructures

O When to close beaches because the
management systems are overwhelmed

O When storms are big enough to threaten public
safety

O Scientists are developing many tools to provide
that information support

O Flow models
O Remote sensing
O Telemetered sensor networks




O Scientists are developing sensor networks that provide real-
time information

O Water flow, temperature, salinity

O We are also making big advances in genomics
O Allow us to provide near-real time biological information
O Initial applications have been for beach water quality

O We are now extending those advances to other biological
applications

O Harmful algal blooms
O Invasive species

Results in 18-96 hours

Results in 2 hours
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O Continued investment should be guided by
understanding of effectiveness

O Scientists are helping managers develop
integrated regional monitoring programs

O You want to know cumulative response,
not just local effects

O These programs are increasingly focused
on biological assessment endpoints

O Biological communities are the integrator

O Challenge for scientists is to identfify
biological expectations

Likely intact
W\
Possibly altered \\

Likely altered

Very likely altered




O Changing rainfall patterns will alter siream management needs

O Earlier snowmelt leads to more seasonality of flow
O More intense storms will challenge runoff control capacity

O Enhanced fire frequency changes runoff characteristics
O More sediment release
O More contaminants

O The burden is on scientists to provide long-range predictions that will inform your
management planning

O We accept that burden
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NATIONAL GOVERNORS ASSOCIATION

Managing Drought in a

Changing Climate

Ellen Hanak, Director, Water Policy Center, Public Policy Institute of California
Elizabeth Ossowski, NOAA/National Integrated Drought Information System (NIDIS)

Moderator: Joaquin Esquivel, Board Member, California State Water Resources Control
Board




Managing Drought in a Changing Climate

Four Essential Reforms

September 10, 2018

Ellen Hanak

Research supported by the S. D. Bechtel, Jr. Foundation

and the US Environmental Protection Agency

¥ | PPIC | Snsrone PPIC WATER POLICY CENTER

INSTITUTE orF CALIFORNIA




Western states are drier, with more variable

precipitation

Average Annual Precipitation (1981-2010) Rainfall Variability

100" meridian . 100" meridian

Annual Precipitation (inches) Rainfall Variability
least most
<4 24-32 100-120 _
variable - variable

4-8 32-40 120-140 01 02 03 04 05 06 07

8-12 40-60 140-160

12-16 60-80 > 160 Left map source: Oregon State University (2015)
16-24 80-100 Right map source: Dettinger (2011)

%éf v PBRIC PPIC WATER POLICY CENTER 1068



Managing water Is at the forefront of climate change

adaptation in California

= Drought reveals strengths and
weaknesses in water systems

= Actions to prepare for droughts
of the future will benefit water
management today

PRIC PPIC WATER POLICY CENTER 169
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The unusually warm drought of 2012-16 was a

window into the future

A) Precipitation B Above average
20 - M Below average
2012-16 drought
15 -
10
o
£ 97
1]
0
-5 |
10
'15 I N I ! I [ | I I 1
1950 1960 1970 1980 1990 2000 2010 2017
B) Temperature W Above average
4 - M Below average
3 _
B
& 1-
2
g0
ﬂ _41 _
2
-3 T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 2017

3 PPIC
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Five climate pressures are impacting California’s

water system

‘Warming
temperatures

= RS L s %
o R T & TV
e N b N

More volatiles

preC|p|tat|0n
_ i

e

Shrinking
snowpack

Shorter wet
seasons &

PPIC WATER POLICY CENTER
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Reducing vulnerability to climate pressures requires

concerted action

Four essential reforms:

1. Plan ahead

2. Upgrade the water grid

3. Update water allocation rules
4

. Find the money

Shasta Reservoir during drought

%\‘:’g pplc PPIC WATER POLICY CENTER 172



Reform 1: Plan ahead

. SUCCGSSfU| adaptatlon requn‘eS j.__ -_—'. ] * Households reporting water
. . g shortages (2012-16)
advance plannlng at Iocal and :‘. . " L | . * Small water systems app_rlying for
reg|onal Scales .-.1 . ~_ emergency drought funding (2012-16)
A}

= Top priorities:

— Strengthen urban water
management plans

— Ensure effective groundwater
sustainability plans

— Develop drinking water plans for
rural communities

— Prepare ecosystem drought plans

%%/ ‘ PBIC PPIC WATER POLICY CENTER 173



Reform 2: Upgrade the water grid

Project ownership
M Local

W State
[ Federal

= Modernizing California’s
“water grid” can help reduce
costs of future droughts

B State and federal
Reservoir volume (taf)
e 100-500
O 5011,000
(O 1,001-3,000

= Top priorities:

— Improve conveyance and
storage capacity

— Modernize and integrate
operations

%‘% ppl: PPIC WATER POLICY CENTER 174



Reform 3: Update water allocation rules

= Facilitate equitable and efficient
allocation during dry times, promote
capture and storage during wet times

= Top priorities:
— Promote groundwater recharge
— Streamline trading and banking
— Give the environment a water budget
— Improve water rights administration

Sacramento National Wildlife Refuge

%\‘:’g pplc PPIC WATER POLICY CENTER 175



Reform 4: Find the money

. . CA General Obligation Water Bonds
= Reliable sources of funding ’

are crucial for adapting to 0 -
climate change mPassed  WFaled  ®Pending

= Top priorities:

— Use general obligation bonds
for public benefit

— Fill the gap for fiscal orphans
— Reform water pricing law

20 -

(billions, $2012)

15 ~

Water-oriented state GO bonds

10 ~

: I.-

1970s 1980s 1990s 2000s 2010s
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Reasons for optimism

= Urban sector has been adapting
and investing

= Agriculture has been innovating,
Improving efficiency, and working
toward groundwater sustainability

= Progress is under way on safe
drinking water supplies in rural
communities

%g i pplc PPIC WATER POLICY CENTER 177
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The environment needs a fundamental change in course

= Efforts to date haven't
stopped species decline

= Climate pressures increasing
the risk

= More flexible, ecosystem-
based management is
needed

PRIC

Lower Yuba River

PPIC WATER POLICY CENTER
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Getting ready for droughts of the future will require

strong leadership

;.))Kg pp': PPIC WATER POLICY CENTER 179



Managing Drought in a Changing Climate

Four Essential Reforms

September 10, 2018

Ellen Hanak

Research supported by the S. D. Bechtel, Jr. Foundation

and the US Environmental Protection Agency
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The National Integrated
Drought Information System (NIDIS)

2018 Water Policy Institute —
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What is NIDIS?

NIDIS was authorized by Congress in 2006 and
reauthorized in 2014 with an interagency
mandate to develop and provide a national
drought early warning information system.

America n C‘.

Water Works
Association

AASC

AMERICAN ASSOCIATION OF
STATE CLIMATOLOGISTS




How NIDIS Came About

1996:

Western Governors
Association (WGA)
advocates for change
in how the U.S.
prepares for and
responds to drought.

2000:

National Drought
Policy Commission
Report: Develop

“an effective
drought
information

delivery system.”

2006:

NIDIS
authorized by
Congress with

bipartisan
support, signed
into Public Law.

2012: 81% of the
U.S. was at least
abnormally dry,

$30B in damages

1996

2006

1998:

National Drought
Policy Act establishes
an advisory
commission on
integrated,
coordinated Federal
drought policy.

2003:

WGA and NOAA
produce “Creating a
Drought Early Warning
System for the 21
Century.”

2014:
NIDIS
reauthorized by
Congress with
bipartisan
support through
FY18, signed into
law.




What is a

Drought Early Warning System?

“A system that collects and
integrates information on the key
indicators of drought in order to
make usable, reliable, and timely
drought forecasts and assessments
of drought.....

...and communicates drought
forecasts, conditions, and impacts on
an ongoing basis to decision makers,
the private sector, and the public.”

- NIDIS Public Law 109-430

Observations and Predictions and
Monitoring Forecasting

Regional
Drought Early

Warning
Interdisciplinary Systems Planning and
Research and (DEWS) Preparedness

Applications

Communication and
Outreach




9 Regional Drought Early Warning
Systems

. PACIFICNORTHWEST DEWS
MISSOU!!I RIVER BASIN DEWS NORTHEAST

DEWS

MIDWEST DEWS

Amanda Sheffield “¢

Elizabeth Ossowski

CALIFORNIA- " CABoLNAS
NEVADA DEWS
DEWS 5 ¢
INTERMOUNTAIN WEST DEWS i
SOUTHERN PLAINS DEWS ity
FLINT DEWS

Elizabeth Weight

Veva Deheza




Components of a Drought Early Warning System

Observations & Monitoring

* U.S. Drought Monitor
* Drought Impact Reporting

 Drought Assessments and
Attribution Studies

e Community Collaborative
Rain, Hail, and Snow
Network (CoCoRaHS)

Predictions & Forecasting

Improve monthly, sub-seasonal,
seasonal drought outlooks

Atmospheric Rivers — model
predictability and document
knowledge gaps

Flash Droughts — how do they
come about? How do they link
to past drought events?




Components of a Drought Early Warning System

Planning & Preparedness Communication & Outreach

* Drought Triggers and Indicators Midwest Drought

Research, Workshops Communications Working
* NDMC Drought Plan Mapping Group

Database * National Drought and Wildfire
e CDC Every Drop Counts Network (NDAWN)

(Drought and Public Health)  Drought Tournaments,

e Partner with USBR Drought Guidebook
Response Program * USBR Forecast Rodeo




U.S. Drought Portal
www.drought.gov

Regions

Drought.gev summarizes data and information for three types of geographic regions, These include:

States. U.S. Drought state maps . time lines and pie charts of drought status), drought-related webinars and events, and links 1o related sites.
. Drought Early Warning System (DEWS)

DEWS}. These

NIDIS Regional on current conditions, hydrology, impacts, outlooks, and more. Coordinated by NIDIS,

each DEWS s unique, providing integrated regional resources to support manitoring, forecasting. planning and coping with drought

Regions y i | Climate Centers (RCCs). These pages 5. Drought Monitor data (regional maps and statistics, time lines and pie charts of drought status),
dreught-related webinars and events, and cantact information

Drought Early Warning System (DEWS)
NIDIS Regional Partners

Regional Climate Centers (RCC)

USDA Regional Climate Hubs

Regional Integrated Sciences and Assessments (RISA)

National Westher Service (NWS)

River Forecast Centers.

Landscape Consrvation Coops (LCC)

Regional Climate Services Directors (RCSD)

Climate Science Centers (CSC)

Puerto Rico | | Hawsii | | Alsska | | Contiguous US

Dy ' Moderate Il Severe M Extreme [l Exceptions




U.S. Drought Monitor

U' S' D r o ug h t M On i tor (R?Igars,:de m?ss;;,‘:;p.zg ;logs)

’ Valid 8 a.m. EDT

Drought Impact Types:

r~ Delineates dominant impacts

S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

Intensity:

Author: [] DO Abnormally Dry
David Miskus [] D1 Moderate Drought
NOAA/NWS/NCEP/CPC D2 Severe Drought

p I D3 Extreme Drought
S I D4 Exceptional Drought

The Drought Monitor focuses on broad-

scale conditions. Local conditions may

2 o vary. See accompanying text summary for
forecast statements.

ParEs of

D http:lldrodghtmonitor.unl.édu/




Snow Drought

NATIONAL T o amena oo
wienio ||| 111y Drought.gov
INFORMATION Seeers U.S. Drought Portal

* Snow drought is a period of abnormally low
snowpack for the time of year, reflecting either Snow Drought vt SO

What is Snow Drought?

Snow drought is defined as period of abnormally pack for the t flecting either
snow drought) ora i i | ipitatic

* below-normal cold-season precipitation bt

Currentsituation and impactsin the West

This June 21 p for the 2018 Water Year as snowpack are past peak values, Updates will
ry S n OW ro u g t O r resume in the 2018 Water Year (October 2018). Access to the tools is available year round.
June 21,2018

Most snow-monitoring sites have already melted out in Oregon, California, southern Idaho, Utah, Colorade, and northern New Mexico, and the
remaining higher-elevation snowpack in these areas is well below normal.. A few sites in the northern Rockies are still well abowe normal
ek continu o

* lack of snow accumulation despite near- L o e

. . . Snow Weter Epivaont Pureont NACS 18813010 Mediar Aine 18, 3018, ond of doy « Dan McEvoyr | Western Regional Climate Center Climatologist
normal precipitation (warm snow g
Inf
i e jest Reglonal Drought Information
C
el | Intermountain West Drought Information

drought), caused by warm temperatures
and precipitation falling as rain rather than
snow or unusually early snowmelt. Ui e X
e Current Conditions e MU Al N
E: e {4 ONRCS
* Snow Drought Impacts |5 e s N i
= e E Climate Center

e Tools and Resources e e . |
GCIlmateEnglne

USDA Natural Resources Conservation Service (NRCS) percent of 1981-2010 median snow water equivalent (SWE) over the western U.S, for June

18, 2018, Only stations with at least 20-years of data are shown. For an ersion of this map, period of station

record median SWE, please visit NRCS, S D RI
SNODAS Percent of Average (2003-2018) SWE. June 17, 2018 g s
AT - u
@ NATIONAL DROUGHT
MITIGATION CENTER
4
@ CIRC

WESTERN WATER

&ASSESSHENT

https://www.drought.gov/drought/data-maps-
tools/snow-drought




Current Drought Response

National Integrated Drought
Drought Status Update Information System

MIDWEST & B
MISSOURI RIVER

Information System
Drought.gov 25

PACIFIC Fhlalia kLY I

Drought Status Update National Integrated Drought m

Drought.gov 7%

NORTHWEST

JULY 31,2018

BASIN T

JULY 19, 2

e ruoiigpeldwllCounty,

e 3 - G 2 Photo: TimBaken dyly 13,2018~

ant Drought and Related Fire Impacts

Sig o .

Reported in Idaho, Oregon, and Washington Slgnlflcan!: Drought Impacts Reported in US. DroughtMonitor

« Acombination of high temperatures, low humidity, and dry to Kansas’ MISSOI.Ir'I, Southeast lowa 1\13%.,%"‘- e ———
re_cor_d-dry copditions has incre.ased fire danger. « A combination of hot temperatures and below-normal \Iﬁ‘}ﬁ‘.ﬁ%{

« Wildfires continue to threaten lives, property, crops, rangeland, precipitation has led to significant and widespread l‘,’ LR

and forests (Fig. 1).

Drier-than-normal conditions are expected to continue across
most of the region, which will perpetuate fire danger.
CURRENT CONDITIONS

‘.1-&'.

drought impacts in KS, MO, and southeast 1A é‘

« Drought conditions developed rapidly in MI, causing
the deterioration of corn, soybeans, and some specialty
crops. OH and IN are also reporting abnormally dry

ORand WA have been experiencing dry weather. Combined with conditions negatively impacting crop growth.

high temperatures, this led to the designation of moderate - . + The next few weeks may bring cooler temperatures and

drought in the Olympic Peninsula, abnormal dryness in parts A Fig 1. Incieb - Incident Information System for Pacific some precipitation to portions of the central U.S., but  stensty

of eastern WA, and the introduction of severe drought across Northwest Region for July31, 2018. Source: inciuieh ey gov existing drought impacts are serious enough in KS, MO, Doty =:j§w- e ¢ @ \’J

the Cascades and into the Willamette Valley last week. Southern and southeast IA that consistent and multiple rainfall PSS T e sargntmenorunt adul

ID and the panhandle are abnormally dry with some areas of [r—— events are needed in order to provide drought relief. §

moderate drought (Fig. 2). DA b A Fig 1. Moderate (D1) to exceptional (D4) drought exists n the Midwest
OriTwe ate: vl CURRENT CONDITIONS and Missouri River Basin. Extreme drought (D3) is present in Ks, MO

According to the Northwest River Forecast Center, monthly
precipitation through July 30, 2018, is below 50% of normal.
Over the last 90 days, precipitation totals for parts of western OR
and WA were the lowest they’ve been in at least 40 years (Fig. 3).

In southern and southwest OR, the drought, with recent warm and

and A, and 2 small portion of eastern KS is in exceptional drought
=~ ’ + While high temperatures have not been as extreme as Source: U.S. Drought Monitor
L they were earlier this summer, persistent above-normal

temperatures (Figure 2) have continued to increase evapotranspiration for a broad area of the central U.S.,
resulting in reduced soil moisture and increased crop stress.

dry conditions, has caused dead fuel moisture to decline to ag @ $ + In particular, nighttime temperatures have been above normal across a majority of the region, causing
record-low levels, increasing the potential flammability of fuels. e gt el additional crop stress. High humidity has persisted throughout the summer as well, increasing stress on
IMPACTS M"‘mmmw\' 00 s oot humans and livestock.
. z ¥ g 1 Moderate Orought [ 04 Exceptionsl Drought + While some areas in the central U.S. received significant precipitation over the last 30 days (Figure 3), the
g\ulz,i:\he;s;r;r;r;)%[l)a;%fé:ir:‘cgsg?:\ne‘dh\évgdr;g: |ré?édinfti?:urrenﬂy (O Rmeinalt portions of KS, MO, and 1A in severe (D2) to exceptional (D4) drought received only 25-50% of normal. In
103 93g5 8§°/ tained s Y Ridg 4. Fig2.USDrought Monitor for the Northwest for July 26, 2018. MI, only 10-50% of normal precipitation across portions of the state has contributed to the development of
(103,935 acres; 68% contained). Source: U.S. Drought Monitor (http://droughtmanitarunledu) moderate drought (D1), and the concern for future drought expansion.
« InOR, there are 14 large, uncontained wildfire incidents currently ’
IMPACTS

burning over 116,500 acres including Taylor Creek fire (25,000 acres,
20% contained). Doyouhave lacaldrousht iapacts? + Crop impacts have started to compound, with corn and soybean stress widespread in MO, KS, southeast IA,
In WA, there are six large, uncontained wildfire incidents currently Y & pacts? and emerging crop stress issues in MI. With corn inits peak water usage stage of silking and soil moisture

burning over 15,500 acres including the Lake Wallula fire (10,500 Re'faocriiﬁ'cmNp:rist:Z;the already low, drought impacts could be exacerbated in the coming weeks.

acres, 55% contained). Drought Impact Reporter + Water shortages have been reported in MO, KS, and IA, primarily in livestock ponds, contributing to reports
« Approximately 10,140 firefighters and support personnel are to help inform decisions and of cattle being sold in MO and KS. In addition, a few local municipalities in northwest MO and eastern KS

deployed inOR, WA and ID, taxing resources and personnel in the drought response! have implemented mandatory water restrictions due to local water supply issues.

region. « Fireriskisincreasing, and some burn bans have been

Doyou have local drought impacts?
Report them to the Drought Impact Reporter

All three states are reporting negative impacts to forests, crops and issued in MO, KS, and MI.
rangelands, reduced air quality, and multiple evacuations.

https://www.drought.gov/drought/calendar

PNW DEWS Meeting (10/9, Boise ID) CA-NV Drought, Climate Outlook Webinar (9/24 at 11am PT) NI Is
CA-NV DEWS Workshop (Jan or Feb 2019) Southern Plains Drought Webinar (10/22 at 1pm CT)




Seasonal Drought Outlook (8/16 —11/30)

U.S. Seasonal Dr_'ought QutlooK valid for August 16 - November 30, 2018
Drought Tendency During the Valid Period Released August 16, 2018

Depicts large-scale rends based

on subjectively derived probabilities
guided by short- and long-range
statistical and dynamical forecasts.
Use caution for applications that

can be affected by short lived events.
"COngeoing” drought areas are

based onthe U.5. Drought Monitor
areas |intensities of 01 o D4).

MOTE: Thetan areas imply at least
a 1-category improvement in the
Crought Monitor intensity level by
the end of the peried, althocugh
drought will remain. The green
areas imply drought remaval by the
end of the period {20 or none).

. Droug ht persists

ey Droug ht remains but improves

Adam Allgood
MNOAANWSEMNCEP/Climate Prediction Center

Droug ht removal likely
Droug ht development likel
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Fallowed Land Tracking

1.B Summer Conditions

Fallowed Area Mapping for Drought Impact Reporting:

2015 Assessment of Conditions in the
California Central Valley

October 14, 2015

Forrest Melton, Carolyn R It, Alberto Gi Lee Jot 1, Isabel Zarag
NASA Ames R h Center C ive for R h in Earth Sci
Technology and Education & CSU Monterey Bay

James Verdin (Pl), Prasad Thenkabail, Cynthia Wallace
USGS
Rick Mueller, Patrick Willis
USDA National Agricultural Statistics Service

Jeanine Jones
California Department of Water Resources

September 2015

I summer Idle
Cropped

Il summer Idle
Cropped

Support provided by the NASA Applied Sciences Program and
the NOAA National I d Drought Inf ion System Program Office

* Monitoring extent of bare agricultural lands assisted CA in deciding
water project allocations and state drought water bank operations
e Currently expanding to Nevada and the Pacific Northwest

ZUSGS

science for a changing world




Climate Engine

* ClimateEngine.org is a free web application powered by Google Earth Engine to
monitor weather and vegetation using on-demand cloud processing of remote

sensing and gridded climate datasets
e Customized requests: Datasets (Down to Variable), Calculations (ex. % of Avg),

Time Periods, Custom Region

Universi 6DRI
ofldahc;cy <= VI Google
Desert Research Institute

FEWS TANET ~ USGS %‘ Q‘ ﬂ“é?c“

science for a changing world

CIRC Western Regional
s Climate Center



National Soil Moisture Monitoring Network

Develop:

* National, multi-platform soil moisture gridded product from
existing soil moisture data sources across federal and state in-situ
monitoring networks, satellite remove sensing missions, and
numerical modeling capabilities

* Consistent methodology for data collection and installation of in-
situ probes including metadata standards

in support of decision-making for water supply and infrastructure,
agriculture, fire risk management, and ecosystem health



State Drought Planning

]
* Drought.unl.edu/droughtplanning

Drought Plan General Hazard Plan Water Plan
“ ”
* Sel f

Colorado Drought Mitigation and Response Colorado Natural Hazards Mitigation Plan Colorado Water Plan S e e Ct I n O By Sta te
Plan: Drought Annex to the State All Hazards Released in 2013 Released in 2015
Mitigation Plan, Annex VIl to the State State of Colorado Colorado Water Conservation Board
Emergency Operations Plan
Releasedin 2013
Colorado Water Conservation Board

Plan Criteria
Climate Plan

[J Drought Defined Does the plan define or describe drought, or how its effects threaten
Colorado Climate Preparedness Project Final human, natural, or physical assets within the state?
Report
Released in 2011
Wester Water Assessment

[J Drought Addressed Does the plan specifically address aspects of planning for drought or its
impacts?

[J General Drought Preparedness Does the plan include enactable measures to generally be more
prepared for drought? Ideally, these measures would be enacted in
advance of a drought, and could involve establishing a drought task

[ Triggers for Action Are particular drought indicators connected to actions or measures

outlined in the plan?




Conceptual Organizational Model for NIDIS

NIDIS Program NIDIS Executive
Council

Office

Regional Drought NIDIS Werking
Early Warning Groups
Systems

Public
Awareness
and

. Observation Predictions Interdisciplinary
Planning and and and Research and U.5. Drought

Preparedness Portal

Education Monitoring Forecasting Applications




Thank You

Elizabeth Ossowski, Program Coordinator, NIDIS
Elizabeth.ossowski@noaa.gov

@DroughtGov o

@DroughtGov o

National Integrated Drought
Information System

(NIDIS) - NOAA Service Account o



Breakout Sessions

Saving Dollar & Resources
by Optimizing Water-Energy
Policy

Anna Henderson, Water Policy Advisor, Office of
Governor Mark Dayton

Christina Ashie Guidry, Policy Analyst & Title
VI/Environmental Justice Coordinator, Office of
Policy & Sustainable Practices, Tennessee
Department of Environment & Conservation

Using the Water
Infrastructure Financing Act
(WIFIA) to Address
Governors Major Water
Infrastructure Challenges

Jordan Dorfman, Senior Attorney Advisor, WIFIA
Program, EPA

Michael Carlin, Deputy General Manager &
Chief Operating Officer, San Francisco Public
Utilities Commission




Snapshot of Federal Legislation

and Funding

Alex Schaefer,

Government Relations, Natural Resources Committee

National Governors Association




Closing Remarks




