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Executive summary

Whetheryoulive in California or New York, Minnesota or Louisiana,
you've seen aflood or drought transform your community orone
very nearitinthelastfew years.

Floodplains are changing. Previously safe communities are seeing new risks. For public works
teams, the work has gottenmore complexand more dire rapidly.

Departments of public works across the U.S. are feeling the strain of simultaneously being asked
todomore withless and aligntheirefforts to the engineering scienceinthe face of anongoing
political debate. Unlike most of the citizensin their community, public works professionals have
enoughknowledge tounderstandjusthowvulnerable theyreally are. They know what they need
todo, butrallying fundingand support are exceptionally challenging.

Inlate 2023, we worked with Stormwater Solutions and Wastewater Digest to profile the
infrastructure side of the challenge. We uncovered thatinfrastructure age and securing funding
forneededwork are creating major concerns forwatermanagementleaders and that many
systems across the country are approaching age-out.
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HOW LONG AGO WAS THE SYSTEM THAT SUPPORTS
YOUR WATER INFRASTRUCTURE DESIGNED?

22% 76-100years
28% 50-75years
14% 25-49years

9% 10-24years

Under10years

Hd'll

Idon’tknow

Base: All respondents (n=253).

WHAT ARE THE TOP CONCERNS ABOUT YOUR ORGANIZATION’S ABILITY TO PROPERLY
AND ROUTINELY MAINTAIN ITS WATER INFRASTRUCTURE AS IT PERTAINS TO THE RISK
OF CLIMATE VARIATION (I.E., FLOODING)?

Funding 57%

Infrastructure rehabilitation is cost prohibitive 40%

Taxpayerunderstanding and support 40%

Laborforce’s lack of specialized knowledge 35%

Lack of time to assess and address the entire system 30%

Equipment 29%

Other 8%

Base: All respondents (n=256); multiple answers allowed.

.

This year, we sought to profile the human side of the challenge by connecting directly with the engineers and public works
professionals at the frontlines of the battle to protect communities from the impacts of floods, heavy rainfall,and other
weather-relatedrisks. To gainamore complete understanding of the space, we interviewed sixwaterengineers and three
public works leaders who have been entrenchedin thiswork formore than four centuries combined, asking them a series of
questions about theirchallenges, needs, goals, and frustrations.

The followingreport explores the universalthemes that emerged across those conversations. All the experts we talked to
agreedthat the way taxpayers understand and think about public works makes executing the mostimportant workincredibly
difficult. Giventhe ubiquity of the challenge, we probed the panel of engineersand DPW leaders to build a profile of what a
“betterway” wouldlooklike and how a public works team - in spite of ongoing funding and staffing challenges - canbe part of
bringingthatbettersystemtolife to protect the community and make theirownwork easier.
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02.
Shifting the mindset from
extremes to always-on thinking

How the current state sets public works teams up to fail

When amajorflood occurs, there’s anarrow window of opportunity to rally public support
behindinfrastructure improvements and new flood monitoring orwarning technologies.
Then, asthateventgets furtherinto the past, community flood awareness decreases, and
peoplebecomelessunderstanding of public works projects focused ondrainage and
floodplainmanagement. Furthermore, due to turnoverwithinlocal government, institutional
understanding of flood risk management also erodes overtime.

, , If you’re dealing with flood warning systems, the single mostimportantissue

is sustainability. It’s easy to sustain within the window of the flood. But if that David Curtis

SeniorVice President,

memory was 15 years ago and there has been personnel turnoverin yourlocal
WEST Consultants

agency, people don’trememberwhy the flood warning systemis evenimportant.




The next time most people thinkabout floodinginaserious way iswhen the next major flood
isunfolding - perhapsyears ordecadeslater. Afterthat flood, there’s anotherbrief period
of opportunity followed by stagnancy. A cynic might say that nothingis everlearned, and
nothing everchanges.

, , Peopleinourindustry talk about the ‘hydro-illogical cycle’: you have a flood, so
floodis top of mind and you spend a lot of money and develop a big warning system. Bradley Heilwagen
President,

Then, astime goeson, you get pulledin otherdirections - roads, building projects i )
NationalHydrologic

- and there’s adroughtandallthe landscapingis dead... And thenit pours downrain Warning Council

andthere’s aflood because the groundis so hard, the watercan’tabsorbit.

If this cycle remains unbroken, more and more property willbe destroyedinfloods,and more
and more people willlose theirlives. Public works leaders know this well, but because people
fallvictimtorecency bias (“We don’t get floods like thathere!”) or misunderstanding the
science (“Thatwasa50-yearflood, so we definitely won’t have another onelike thatforavery
longtime.”),itcanbeincredibly challenging simply tojustify the maintenance necessary for
community safety. That’'swhy it’s time forachange.

, , Youcomeinas apublic works person with arealistic message, andit’s Jeff Pratt
scary, and they think you’re overstatingit. That’s a huge problem. So, Director of Public Works (Retired),
theissueis building credibility and not trying to frighten people. Ventura County, California {

Why we should shift the discussion towards “water” generally

The public tends to think about watermanagementinavery simplistic way: there are floods,
there are droughts, and then, there are situations whereit’s neither flooding nora drought.
Butwaterengineers know well that every droughtendsinaflood, and flood waters are
difficulttoretain safely, perpetuating the cycle of drought andincreasing the destructive
capacity of future floods.

Downin North Carolina, we have predominantly clay soil, and when this stuff

gets wet, it gets nasty and very difficult to deal with. You’re dealing with dust DanZiehm

during the day whenit’s dry; then, in the late afternoons or nights, when we get Directorof Public Works

these storms, the clay doesn’tdrain becauseit’s so tight, and the water just sits Gaston County, NC

ontop. We getinastage where June, July, and August are extremely dry during
the day, but then we get these storms at night that just pummel us.




Ratherthanlooking at floods and droughts as singular events, public works teams need to start
thinking about the amount of waterin theirarea generally. When engineers and workers start
asking, “Howmuchwaterisinthe systemtoday, and what would happenif more was added?
How much does the forecast suggest could be added? What if we got more?”, it shifts the
mindset from flooding and drought being disaster management work to part of anongoing
practice that’s focused on finding a safe and sustainable balance. Withgood communication,
that mindset should trickle down to the taxpayerlevel as well, making it easier to explain, justify,
and build support forongoing projects that ensure the area stays as flood-ready as possible.
(More onthatlater.)

Alot of these ditches, culverts, andinfrastructure were all designed fora
25-yearflood whenever they were built - say the 1950s, ‘60s, or ‘70s. Over Bradley Heilwagen

time, as acommunity becomes more and more urbanized, there’s more Plrasiea
NationalHydrologic

impervious arealaid down and more runoff as aresult.. And we’re seeing a ; )
Warning Council

lot of extreme events out there that are overwhelming infrastructure.

That’s why public works needs to lead the conversation away from exclusive focus on extreme
events towards an “always-on” way of thinking about waterresources, management, and
infrastructure. Whileit’'sanup-front challenge to shift mindsets (first within the team, then
withinlocal government, then within the community as awhole), it’s a significantinvestmentinthe
long-term safety of the community and public works’ ability to achieve the work they know they
needtodo.

With an always-onapproach to watermanagement andinfrastructure, departments of public
works canensure that small butimportant maintenance tasks like clearing culverts and ditches
don’tslip through the cracks. Furthermore, as water awareness becomes abigger part of daily
operationalintelligence, public works teams growin theirown level of literacy and expertise,
enabling them to anticipate orrespond even betterthan before during times of acute need.
That’s why thinking beyond flood and drought is key to taking public works to the next level.
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03.
Building buy-in with the community

)

Meet the public at their level of weather literacy (and increase it)

One of the biggest challenges facing every public works departmentis that a very small percentage
of the populationunderstands how what the team doesis essential to theirsafety. The average
citizenis quick to assume the forecast was “wrong” because a 50% chance of raindidn’tresultin
precipitationat theirhouse. Similarly, when they see a proactive road orbridge closure without
intimidating flood waters aroundit, theyincorrectly assume that “someone screwed up.”

It’s funny - with our vertical construction projects, you always know some of
the citizens that drive by them every day perceive that work is at a standstill
because they think, ‘Oh, the sunis out shining today. Why aren’t they
working?’ Well, yesterday itrained aninchortwoinavery short period of time.
We have to wait for Mother Nature to dry that site out, and people thataren’t
familiar with construction don’trealize that.

DanZiehm
Directorof Public Works
Gaston County,NC
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Correctingthat perceptioniskey to taking public works as awhole to the nextlevel. It's also
incredibly tricky because of the politically charged dialogue around weather and climate. With
that said, local public works professionals are some of the best equippedinthe community
totalkto citizens about therealities of evolvingweather challengesin an objective and easy-
to-understand way. Engineers can quantify and present theimpact of recent events to help
people connecttheirpersonal experiences to the science. Public works employees provide a
recognizablelocal face that canspeak to how flood, rainfall, and drought affect quality of life
andfacilitiesinthe area.

Taxpayers typically don’tunderstand the amount of engineering and design

that goesinto supporting each household, let alone accounting fora growing JamesLogan
community. They just expect the toilet to flush... The people who do the work WaterMarket SectorLeader
of making sure the toilet flushes understand the financialand human costs AEM
extremely well. We need to close that gap.

Whileit's not public works’ responsibility alone tore-educate the public, itundeniably
behoovesteamstostartandfacilitate anongoing conversation about weatherimpactsintheir
communitiesinorderto buildunderstanding and support forkey projects.

I’mseeing alot of conversations where residents are seeking information.
Brianna O’Brien
Conservation Coordinator
Town of Hampton, NH

Forthe most part, they know they’re ina challenging situation, and they’re
up forthe challenge if they are given the rightinformation and the tools to
be able to make the right decisions for themselves.
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managing another critical issue that’simpacting several hundred people
somewhere else... And that’sreally a struggle for both people - the public works
directorandthecitizen. It’s hard to look at people and say, ‘| know this is really

It’s always easier for the public to deal with a costincrease if they can

understand what they’re getting out of it and the value it’s providing. It’s James Logan
part of the job to educate the people on how theirmoney is spent, why WaterMarket SectorLeader
it’sneeded, andto actually spell out how the projectis going to either AEM

improve ormaintain the services that the citizens depend on every day.

Isaw a great example of this in the town of Cary, North Carolina. They put

outaone-page pamphlet - ‘Have You Seen These Signs?’ - explaining Ryan Guerrero
the new flood warning signs they’dinstalled and their cost-to-benefit Hardware Product Manager
ratio. It was extremely cool because that effortincreased public AEM

acceptance and measurably reduced vandalism on the stations.

Market the value of public works

Public worksisacalling fordoers, not talkers, butit’s time for public works to tootitsownhorn
alittlemore. City and county departments deliverincredible value to the communities they
serve, fromsupporting transportationand economic development to protecting both the value
and safety of people’s property. If it weren’t for departments of public works, our communities
would be dirtier, less safe, and muchlesslivable.

The public oftendoesn’t see that you’ve gotacommunity of 300,000 people
covering 24 square miles, so maybe there’s a particular block where youreceive
repeated complaints about theirissue, but they don’tunderstand that you’re Bradley Heilwagen

President
National Hydrologic
Warning Countil

importanttoyou...,’ butit’s necessary.

Togettherespectandsupport they deserve, public works teams need to proactively
communicate with taxpayers about what they’re doing, why it’snecessary,and howit’s
improving the community’s present and future. Directors of public works need to findlocal
channels - whetherit’s traditional media, direct outreach, or partnering with other community
organizations (such as chambers of commerce) - that can help spread awareness of what
they’re doingand why it’s vital. While it’simpossible to win everybody over, and there will
always be funding challengesin the public sector, good communicationis atoolthatlocal
teams canemploy torally as much support as possible around theirefforts.

Public worksteams don’t need tolook farforinspiration on how to market themselves as
pillars of community safety and pride. There are likely sources of inspiration within theirown
localgovernments.
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Public works really needs to get out there, put theirimage out
Jeff Pratt

Directorof Public Works (Retired)
Ventura County, California

there, andlay it on the line with what they do... There ought to be
some sort of universal brand for public works across the nation

- kind of like the staris associated with law enforcement.

))

Become part of the public safety tripod

Justabout every municipality has three teams that work together to ensure the safety of the
community: the police department, the fire department, and the department of public works. In
the heartsand minds of the people, one of those thingsis not like the others. Law enforcement
and fire teams certainly experience some of the same staffing challenges asdepartments of
public works, butwhenitcomes to fundingand public perception, it’s night and day. Police
officersand firefighters are heroic and necessary; public works professionals tearup theroad
andraise the property taxes.

Every timelgointo apublic meeting, Iremind people: we’re the
otherpublic safety agency, evenif the public safety agencies Jeff Pratt

don’tlike us to call ourselves that. It got to the point where | Directorof Public Works (Retired)
Ventura County, California

wouldride ascooterinto the board meetings with flashing blue M\

lights and my safety gearontoreinforce the point.

Again, thisis amarketingand communication challenge. If public works departments can build
visibility for theirwork, awareness of the “why” behindit,and demonstrate value they provide
within the community, they can get over some of the hurdles that have held back funding,
staffing, and public support.

Police, firefighters, and public works already work together on a daily basis. By shining a light
onthatcollaborationand working togetherwith other public safety professionals when they
do community outreach, public works teams canincrease theirvisibility and standingamong
taxpayers.
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Getting the datanecessary to do better

Use Alin ways that lead to better humanresults

One of the biggest challengesfor public works teamsiis staffing. That’s why artificial intelligence
hasalotto offerinthis space. With that said, the rapid rollout of Altechnologies over the last few
yearshasraisedasmany questionsasit’sanswered.

, , The Al forecastingl’ve seenis as good as the models we’ve beenusing. The
technology made a huge jump very quickly, andit’s gone alittle bit stagnant Chad Ballard
overthelast few months, butlthink the nextjump is blending ourhuman SeniorEngineer
understanding of the physical science (which we understand very well) with AEM

machine learning - then the models would be even better than they are today.

While public works remains a “humans doingwork forhumans” job, Alcan provide greater
contextforhow focused work fitsinto the larger system of the world as awhole. Forexample, Al
canmodel storm systems much faster than traditional means and fillin gapsinthe databased
onprevious eventsto presentareliable projection of anincoming storm that public works
professionals canuse to maximize preparednessinthe hours before the storm. It can monitor
roadways ordams and alerthuman professionals when something doesn’t seemright to trigger
maintenance orinspection. Alcanalso provide daily value by helping team leaders catch tasks
thathave fallen through the cracks or suggesting pivots whenweather conditions prevent
planned work.

With Al, public works teams can significantly increase their ability to take inand process data
tomake decisions withoutincreasing theirheadcount. Whileit’'s never going toreplace the
work that human public works professionals do, Al can make the work more purposeful and
more efficient.

, , Atsome pointdown theroad, we’llbe looking at automation where the
systemis actually making the decisions about warnings and controls itself Ryan Guerrero
- notnecessarilyahuman professional. Forsome people, that’s alittle Hardware Product Manager
scary to think about at first, butit’s actually amuch faster feedbackloop AEM

and abetteruse ofresources, aslong as the dataisright.

M
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Combine intelligence from a variety of sources

Protecting people andinfrastructure from the weather often comes downtointelligence. If
you have astrongunderstanding of what’s already happened, what’s happening right now, and
what’slikely tohappeninthe future, you have ahigh chance forsuccess. If evenonelinkin that
chainof knowledgeis broken,it’shard to be sureyou'releadinginacorrect mannerandeven
harderto defend afterwards when something goeswrong.

, , Eventhe most denserain gauge networks are stillonly measuring rainfall

atpartspertrillion, so you’rereally only getting a tiny, tiny sample... The David Curtis

SeniorVice President

fundamental way that we go about estimating rainfall fromrain gaugesis WEST Consultants

justfilled withall sorts of problems.

That’s why public works leaders need to find ways to gatherand analyze more data - butit’'s not
enoughto find one source of weatherinformation that youlike. An example that most public
worksteams canrelate toisthe use of rain gauges. Rain gauges are great tools for quantifying
rainfall totals, and, depending on the type of gauge, evenrainfallintensity, but they don’t provide
enoughdataontheirownto create atrustworthy backbone fora decision-making framework.

Eventhoughraingaugesdon’ttell the full story ontheirown, they are stillincredibly valuable
forpublic works and watermanagement teams, aslong as they're cross-referenced with other
sources of data, like radar, which cantransform specific gauge readingsinto abig-picture story
about the presentand nearfuture.

, , The beauty of radaris thatit does areally goodjob of figuring out that relative
spatial distribution that can tellyou where it’sraining hard in between the David Curtis
gauges and whereit’s not... You have to merge the strength of arain gauge Senior Vice President
network with the strength of aradarimage, and you come up with a better WEST Consultants

overall estimate of rainfall volume.

12
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Leverage sensors that maximize insight

Aswe’ve said, datadrives decisions. That's why in-field sensors are essential to any approach
towatermanagement, whetheryou’re striving to adopt an “always-on” mentality or still stuck
focused onthose majorevents.

With that said, many flood warning systems stilluse sensors that attempt to apply last century’s
technology tounderstand this century’s weather challenges. Those sensors are often placed
directlyinto the water, whichmeans they’re atrisk fordamage as they do theirwork, especially
during anextreme weatherevent. That’s why many teams are switchingto contactless sensors
thatuseradarorothertechnology to monitorwaterinaway that’'smore accurate andreliable.

Sensors that are more non-contact with the water - like aradar sensor

- require way less maintenance than anin-waterwater sensor. Since Ryan Guerrero
there’s no water touching that sensor, it’s more reliable. We’re also Hardware Product Manager
moving towards more sensors that provide true real-time data, which AEM

enables quickeroutreach to the public and faster decisions.

Anotherway public works teams canincrease intelligenceis by pairing cameras with their
traditional environmental sensors. As they say, “a picture isworth athousand words,” and
acamerainthe field helps complete the story formed by the readings the environmental
sensorsarereporting. Inaflood scenario,acameranearadamorreservoircanhelp water
management professionals make decisions about flow control. Alternately, alive view
ofimportantintersections canhelp public works and safety teams understand the most
important placesto deploy theirresources during aroad weatherevent.

13
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Increase collaboration and decision-making intelligence across
teams

Aswe’ve explored, public works professionals are constantly collaborating with their colleagues
inthe police and fire departments - as wellas emergency managers onan as-needed basis - to
keep the community as safe as possible. Getting thatrightin the face of larger storms, more
serious floods, and higher public expectationsrequires a clear, straightforward language for
understandingwhat’s happening and what mustbe done.

The more thatlocalteams canbreak downthe silo walls between departments to directly share
informationand problem-solve together, the better they can serve theircommunities to protect
people and property.Insome situations, that might require anupfrontinvestment by public
worksintraining their colleagues tounderstand the always-on approachtowaterand what they

should expectduring amajorevent, but thatinitialinvestmentis wellworth the results.

Forlocal teams, water data from neighbors is often the mostunder-
utilized asset that’s available to them. People in each community want
to say, ‘We’ve got this,”’ and that pride just winds up hurting everybodly.
Sharinginformation with up- and downstream communities increases
everybody’s capacity foradvanced warning and makes it easier to make
decisions you canbe confidentin.

We canwork togetherand use the resources we already have to make this
happen. The social capital exists out there. | think fostering community,
allowing people to talk to one anotherand help one anotherand share ideas
makes abig difference. Then, you take the low-hanging fruit and run withit.

Ryan Guerrero
Hardware Product Manager
AEM

Brianna O’Brien
Conservation Coordinator
Town of Hampton, NH
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Key takeaways/recommendations

Communities tend to compartmentalize individual flood eventsratherthan seeing them
) as partof anongoing cycle of waterand weather. This creates significantimpediments for
V public works teams, who are tasked with thinking about drainage, infrastructure, and water
' management onanongoing basis.

) Public works teams mustembrace analways-on approach to thinking about waterin their
V area. The mindset must start within the departmentand then expand out to the rest of
: governmentand community through communication and education.

To get public buy-ininto this new way of thinking, public works teams need to market their
V services andimpacts more effectively withintheircommunities. Public works mustlearnto
' presentitself morelike the police or fire departmentinterms of self-advocacy.

) With that mindsetand buy-ininplace, it’s easier for public works teams to get funding for the
V projectsthey know they needto do to keep the community safe.

Public works departments mustbecome collaborationleaders within theirlocal governments.
By strengtheningrelationships with other departments with shared responsibilities and

V fosteringimportant dialogues around public andinfrastructure safety, public works can
’ improve theirability to achieve their goals and overall public safety outcomes.
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floodrisk analysis, pipeline scour,dam design,and more.
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acrossthe U.S.and abroad. He has alsoled numerous consulting studies relating to
rainfalland hydrologic analysis, flooding, stormwater, dam safety, hydrology, and water
resource management. Jamesholds degreesinboth Computer Science and Geophysical
Engineering. Heisamemberand contributorto the U.S. National Hydrologic Warning
Council’s Technical Working Group forthe ALERT2 protocol standard.

Brianna O’Brien
Conservation Coordinator, Town of Hampton, NH

Briannais a Certified Floodplain Managerand conservationleadercommitted to taking
onthe messy, nuanced work that makes communities more connected, resilient, and
sustainable.Inhercurrentrole, she coordinates community outreach to fosteradialogue
around how citizens and local government can collaborate to establishameaningful
dialogue and take action around climate, weather, flood, and naturalresourceissues.

Jeff Pratt
Directorof Public Works Agency, County of Ventura, CA (Retired)

Beforeretiringin April 2024, Jeff was Director of Public Works for Ventura County for
more than15years.Inthat capacity, he managed five departments, more than 400 staff
members, and abudget of over $350M. Prior to becoming agency director, Jeff also
servedas Director of the Watershed Protection District.

DanZiehm, PE
Directorof Public Works, Gaston County, NC

DanhasbeenDirectorof Public Works in Gaston County since January of 2021, having
previously served as Assistant Director formore than12 years. Heis amember of the
American Society of CivilEngineers (ASCE), Solid Waste Association of North America
(SWANA), American Public Works Association (APWA), the Gaston County Safety
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certified by the APWA as a Public Works Professional with aconcentrationinmanagement.
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‘.,ﬁ','""u OUR VISION FOR FLOOD READINESS
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. B - J it Discover a scalable whole-lifecycle vision for water management
. and flood readiness

Assess your community’s level of readiness for floods and severe storms

See what you can achieve with the right flood risk management partner

T FLOOD BEST PRACTICES IN ACTION
Best PracticesinAction . . . - .
B SRR ) % i See what innovative and safety-minded communities are doing to
xamining What Distinguishes Leading N
Flood Warning address flood risk
Learn the six practices for managing successful flood warning systems

Explore real examples of flood resilience in action

CASE STUDY: RALEIGH, NC

Explore how Raleigh shifted mindsets and operations around storms
fromreactive to proactive

Learn how the city used hydrological modeling to understand their
risks and needs better

See how radar rainfall data is enabling community leaders to make
more informed decisions

CASE STUDY: CHARLOTTE-MECKLENBURG STORM WATER SERVICES

See how Charlotte-Mecklenburg Storm Water scaled up their
approach to water monitoring

Discover how the city increased alignment for their flood and
water quality teams

Learn how the team is benefitting from comprehensive water and
storm management software

CASE STUDY: SANTA BARBARA COUNTY, CA

Learn how Santa Barbara is using visual intelligence from cameras to
monitor their watershed

See how the county has streamlined decision making for public
leaders during a storm

Discover how a community overcame communication and telemetry
issues to provide real-time data


https://aem.eco/flood-early-warning-our-resilience-approach/
https://s39920.pcdn.co/wp-content/uploads/2023/06/Raleigh_CaseStudy_Final.pdf
https://s39920.pcdn.co/wp-content/uploads/2022/11/Charlotte-Mecklenburg-Storm-Water-Services-fills-two-needs-with-one-tool.pdf
https://aem.eco/wp-content/uploads/2023/08/SantaBarbara_CaseStudy_Final-1.pdf
https://s39920.pcdn.co/wp-content/uploads/2022/04/Energy-Utilities_Industry_Overview_April-2022.pdf
https://aem.eco/flood-best-practices-in-action/
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12410 Milestone Center Dr., Suite 300
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See our vision for flood readiness
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