Thecirculareconomy

outlook

i B, o

Peru’s water utility companies are protecting peat bogs because of their ability to hold water.
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Smarter ways with water

To address an onslaught of crises, people must tune
into natural ways to repair water cycles that human
development has severely disrupted. By Erica Gies

n just a few months this year, abnormally

lowwater levelsinriversled Chinato shut

down factories, and floods inundated

one-third of Pakistan, killing around

1,500 people and grinding the country to
ahalt.Adried-up Rhine River threatened to tip
Germany’s economy into recession, because
cargo ships could not carry standard loads.
And theLas Vegasstrip turnedintoariver and
flooded casinos, chasing customers away. It
seems that such water disasters pepper the
news daily now.

Many businesses have long lobbied against
changing their practices to safeguard the
environment, by refusing to implement pol-
lution controls, take climate action or reduce
resource use. The costs are too high and would
harm economic growth, they argue. Now we
are seeing the price of that inaction.

Withmounting climate-fuelled weather dis-
asters, social inequality, species extinctions
and resource scarcity, some corporations
have adopted sustainability programmes.
One term in this realm is ‘circular economy’,
in which practitioners aim to increase the

efficiency and reuse of resources, including
water — ideally making more goods (and more
money) in the process.

But the term has its roots in decades of
alternative economic theories — known vari-
ously asenvironmental economics, ecological
economics, doughnut economics and steady-
state economics. These frameworks recog-
nize that the mainstream economics’ goal of
eternal growth is impossible on a planet with
finite resources.

These ideas are beginning to filter into the
mainstream,amark of both the persuasiveness
of advocates’ arguments and the declining state
of the natural world. But the economists and
scientistsbehind these principles say thatsome
businesses and governments are engaging in
greenwashing — claiming their actions to pro-
tect the environment are moresignificantthan
they really are — rather than making the kinds
of fundamental change required to move the
global economy onto a truly sustainable path.

Because the dominant culture prioritizes
human demands, water is generally viewed
as either a commodity or a threat. That

8§12 | Nature | Vol 611 | 17 November 2022 | Corrected 25 November 2022

© 2022 Springer Nature Limited. All rights reserved.

perspective inspires single-focus problem
solving thatignores the complexity and inter-
connectedness of water’s relationships with
rocks and soil, microbes, plants and animals,
including humans, inevitably resulting in unin-
tended consequences.

Pumping out groundwater whenriversrun
low further depletes surface water because
the two are linked. Erecting dams to provide
water to one group of people deprives other
peopleand ecosystems. Leveeing up rivers and
building on wetlands removes space for water
to slow, pushing flooding onto neighbouring
areas. Paving cities and whisking water away
creates localized scarcity.

Some corporations are making ‘water neu-
trality’ or ‘water positive’ pledges, whicharea
big step forward but not enough, says Michael
Kiparsky, director of the Wheeler Water Insti-
tute at the University of California, Berkeley’s
Center for Law, Energy and the Environment.
“If corporations arereally serious about water
stewardship, they would throw their political
and financial heft behind reform of the gov-
ernance systems that set up this extractive
economy around water,” Kiparsky says.

More than 11,000 scientists from 153 coun-
tries agree that tweaks around the margins
are insufficient. In a 2019 letter in the journal
BioScience they called for “bold and drastic
transformations”, including a “shift from GDP
growth and the pursuit of affluence toward
sustaining ecosystems and improving human
well-being”. InFebruary, the Intergovernmen-
tal Panel on Climate Change, agreed, calling
forintegrating “natural, socialand economic
sciences more strongly,” in part by conserving
30-50% of Earth’s ecosystems (see go.nature.
com/3sccmé6h).

Agrowinggroup of ecologists, hydrologists,
landscape architects, urban planners and
environmental engineers — essentially water
detectives — are pursuing transformational
change, starting from a place of respect for
water’s agency and systems. Instead of asking
only, ‘What do we want?’ They are also asking,
‘What does water want?’. When filled-in wet-
lands flood during events such as the torrential
2017 rainsin Houston, Texas, researchersreal-
ized that, sooner or later, water always wins.
Rather than trying to control every molecule,
they are instead making space for water along
its path, to reduce damage to people’s lives.

Broadly speaking, the detectives are discov-
ering that water wants the return of its slow
phases — wetlands, floodplains, grasslands,
forests and meadows — that human develop-
ment has eradicated. People have destroyed
87% of the world’s wetlands since 1700 (ref. 2),
dammed almost two-thirds of the world’s larg-
estrivers®, and doubled the area covered by
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cities since 1992 (ref. 4). All these have drasti-
cally altered the water cycle. The water detec-
tives’ projects — part of a global ‘slow water’
movement —all restore space for water to slow
onlandsoit canmove underground and repair
the crucial surface-groundwater connection.

Although the uses of slow-water approaches
are unique to each place, they all reflect a
willingness to work with local landscapes,
climates and cultures rather than try to con-
trol or change them. Slow water is distributed
throughout the landscape, not centralized.
For instance, wetlands and floodplains are
scattered across awatershed —anareaofland
drained by ariver andits tributaries —in con-
trasttoadamand giantreservoir. Around the
globe, water detectives are beginning to scale
up these projects.

Slow water

For most of California’s state history, ground-
water and surface water have been treated as
separate resources fromboth alegal and reg-
ulatory perspective. But physically they are
linked — by gravity and hydraulic pressure.
When river levels run high and spill over into
wetlands and floodplains, the flow slows down
and seeps underground, raising the water
table. Later, that groundwater feeds wetlands,
springs and streams from below. “It is hydro-
logically ridiculous to treat groundwater and
surface water differently,” says Kiparsky. “That
isasnon-circular as you can get.”

That legal separation has resulted in
overtaxing California’s water supply. The
state’s massive water infrastructure — huge
dams, levees and long-distance aqueducts —
prevents the great rivers of the Central Valley
region from occupying their floodplains and
naturally recharging groundwater. Plus, when
surface water is scarce, people aggressively
pump groundwater. But because the two are
connected, that further decreases surface
water. This depletion means that people have
to drill deeper, more expensive wells to reach
water. It can also collapse the land, destroying
infrastructure. And pumping groundwater near
the ocean canallow seawater to push saltinland.

Since passage of the 2014 Sustainable
Groundwater Management Act (SGMA),
Californiahas prioritized recharging ground-
water by spreading excess winter water and
floodwater on land so it filters underground,
orinjectingitunderground through wells. Var-
ious state programmesinclude incentives for
farmers to percolate water on fallow fields,
flood management that sets back levees,
allowing floodplains to once again serve
their purpose, and a search for palaeo valleys
—special geological features that could rapidly
move heavy water flows underground.

But key hurdles remain to seize the bounty
of winter floods, says Kiparsky. The main
problem is that, despite the SGMA, legal leg-
acies of the artificial divide between surface
water and groundwater linger. Colorado is
managing this better, he says, because it has
integrated therights systems for groundwater
and surface water. Connecting them legally
facilitates multipurpose projects such as
routing winter water to recharge ponds, which
provides habitats for birds and human recre-
ation. The water infiltrates the ground and
rejoins theriver, effectively making that same
water available to farmers later in the year.

Peru is also focused on the connection
between surface water and groundwater.
Almost two-thirds of its population live on
adesert coastal plain that receives less than
2.5 centimetres of rain per year and relies on
water from the Andes, including from melt-
ingglaciers.In2019, the World Bank predicted
that drought-management systems in Lima
—dams, reservoirs and under-city storage —
would beinadequate by 2030 (ref.5). Over the
past decade, Peru has passed a series of laws
that recognize nature as part of water infra-
structure and require water utilitiestoinvesta
percentage of user feesin wetlands, grasslands

“Ifweplantthe
water, we can
harvest the water.”

and groundwater systems.

Onetype of investment is the protection of
rare high-altitude wetlands called bofedales,
or cushion bogs, which slow water runoff that
might otherwise cause flooding or landslides,
and hold onto wet-season water, releasingitin
the dryseason. Bofedales are peatlands, which
coverjust 3% of globalland areabut store10%
of freshwater and 30% of land-based carbon®.
Unfortunately, these bogs have been subject
to peat thievery for the nursery trade. Utility
investments are introducing surveillance to
protect bofedales and restoring damaged
wetlands. Scientists have also studied a local
practice of carving out more space for water
inthelandscape to expand the bofedales, and
found that these expansions can store similar
quantities of water as the original bogs’.

Peru’s water utilities are also investing
in a practice innovated by the Wari people
1,400 years ago. In afew Andean villages, Wari
descendants still build hand-cobbled canals
called amunas. The amunasroute wet-season
flows from mountain creeks to natural infil-
tration basins, where the water sinks under-
ground and moves downslope much more
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slowly thanitwould onthe surface. It emerges
weeks to months later from lower-altitude
springs, where farmers tapittoirrigate crops.

“If we plant the water, we can harvest the
water,” says Lucila Castillo Flores,acommunal
farmer in the Andes village of Huamantanga
above the Chillon River valley in Peru. Their
culture of reciprocity, with the landscape
and with each other, governs how commu-
nal farmers care for the water and share the
bounty. Because much of the water they use
for irrigation seeps back underground, it
eventually returns to rivers that supply Lima.
Hydrological engineer Boris Ochoa-Tocachi,
chief executive of the Ecuador-based envi-
ronmental consultancy firm ATUK, and his
co-researchersused dye tracers, weirsand sur-
veys of traditional knowledge to calculate the
impact of restoring amunas throughout the
highlands. Limaalready has 5% less water than
its consumers need. The researchers showed
thatrestoring amunasthroughout the largest
watershed that supplies Lima could make up
that water deficit and give the capital an extra
5%, extending availability into the dry season
by an average of 45 days®.

Working with wildlife

Takinga holistic approachis also paying offin
Washington state and in the United Kingdom,
where people are allowing beavers space for
their water needs. Therodentsinturn protect
people from droughts, wildfires and floods.
Before people killed the majority of beavers,
North Americaand Europe were muchboggier,
thanks to beaver dams that slowed water on
theland, which gave the animals awider area
totravel, safe fromland predators. Before the
arrival of the Europeans, 10% of North America
was covered in beaver-created, ecologically
diverse wetlands.

Environmental scientist Benjamin Dittbren-
ner, at Northeastern University in Boston,
Massachusetts, studied the work of beavers
thatwererelocated from human-settled areas
into wilder locations in Washington state. In
the first year after relocation, beaver ponds
created an average of 75 times more surface
and groundwater storage per 100 metres of
stream than did the control site’. As snow-
fall decreases with climate change, such
beaver-enabled water storage will become
more important. Dittbrenner found that the
beaver’s work would increase summer water
availability by 5% in historically snowy basins.
That’sabout 15 million cubic metresinjustone
basin, he estimates — almost one-quarter of
the capacity of the Tolt Reservoir that serves
Seattle, Washington.

Beavers have fire-fighting skills too, says
Emily Fairfax, an ecohydrologist at California
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State University Channel Islands in Camarillo.
When beavers are allowed to repopulate
stretches of stream, the widened wet zone can
create an important fire break. Their ponds
raise the water table beyond the streamiitself,
making plants less flammable because they
have increased access to water.

And beavers can actually help to prevent
flooding. Their dams slow water, soit trickles
outoveranextended period of time, reducing
peak flows that have been increasingly inun-
dating streamside townsin England. Research-
ers from the University of Exeter, UK, found
that during storms, peak flows were on average
30% lower in water leaving beaver dams than
insites without beaver dams'. These benefits
held eveninsaturated, midwinter conditions.

Beaver ponds also help to scrub pollutants
from the water and create habitats for other
animals. The value for these servicesisaround
US$69,000 per square kilometre annually, says
Fairfax. “Ifyoulet themjust gobananas”, abea-
ver couple and their kits can engineer amile of
streaminayear, she says. Because beavers typi-
callylive10to12years, the value of alifetime of
work for two beavers would be $1.7 million, she
says.Andifwereturned tohaving100 millionto
400 millionbeaversinNorth America, sheadds,
“then the numbers really start blowing up”.

System change

For the most part, mainstream economics
doesn’t take into account the many crucial ser-
vices provided by healthy, intact ecosystems:
water generation, pollution mitigation, food
production, crop pollination, flood protection
and more.

Value calculations such as Fairfax’s are
increasingly tabulated by scientists but usually
ignored by the market. One early effort to put
amonetary value onthose services was aland-
markreport"in Naturein1997, co-authored by
Robert Costanza, an ecological economist at
theInstitute for Global Prosperity at University
College London. At the time, global ecosystem
services were worth tens of trillions of dollars,
more than global gross domestic product
(GDP).Inanupdated paper publishedin2014,
the global economy had grownbut ecosystem
services weresstill worth considerably more'.

Another problem: the degradation of those
servicesis typically not counted against prof-
its;instead, those costs are paid by the environ-
ment and people. Hannah Druckenmiller, an
environmental economist and data scientist
at the non-profit organization Resources for
the Future in Washington DC, has calculated
that permitting development on one hectare
of wetlandsincurs property damages of more
than $12,000 per year®. That’s because water
that has beendisplaced fromanareathatused
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Beavers help to protect people from floods.

toabsorbit floods surrounding communities.
Druckenmiller estimates the value of wetlands
nationwide, just for flood absorption, to be
$1.2 trillion to 2.9 trillion. And that is a con-
servative estimate, based on flood damage
data coveringjust around 30% of households
infloodplains.

The overarching problem is that the main
measure of economic health, GDP, has a nar-
row focus on market-based production and
consumption and does notaccurately measure
humanwell-being, Costanza asserts. “A circular
economy that similarly limitsitselfto produc-
tion will also fall short,” he says. If the goal is
well-being, “the question becomes: should you
be producing and consuming all those things
in the first place?”. Protecting and restoring
natural resources and rebuilding social capital,
he says, are more likely to achieve well-being.

One way to do that is to put more natural
ecosystemsintoacommon asset trust, or ‘the
commons’. Creating state or local parks, hunt-
ing reserves, or wildlife refuges can restrict
development and provide significant benefits
to the community, says Druckenmiller. Com-
munities that invest in protecting a wetland
to prevent flood damages will see the benefit
ofavoided costs quickly, she says, often with a
payback period of less than five years.

Another strategy to protect the commons,
says Costanza, is the ‘rights of nature move-
ment’, which began in the early 1970s and has
gained ground over the past15years. Itincludes
enshrinements in the constitutions of Bolivia
and Ecuador, local government changes across
the United States, and personhood for the
Whanganui River in New Zealand, the Ganges
River in India and the Magpie River in Canada.
That might sound unusualto some people, but
in the United States, some corporations have
personhood. Granting personhood to ariver
enables peopletoarguein courtonbehalfofits
rights. Ariver’srights caninclude freedomfrom
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pollution, protection of its cycles and evolu-
tion, and space tofulfil its ecosystem functions.
Therights of nature movement recognizes that
healthy ecosystems make everything work, and
“peopleare partof that systemand not separate
fromit”, says Costanza.

States reforming century-old water rights,
utilitiesinvesting inwetlands and Indigenous
techniques and scientists deploying beavers
for their engineering prowess are definitive
shifts from business as usual. “We’ve made a
lot of progress integrating [natural capital]
into the system, where it doesn’t get pushed
aside because other things are higher priority,”
says Druckenmiller.

But Costanza thinks much deeper changeis
needed. “A lot of the things that we're talking
about with the circular economy — regener-
ating wetlands, planting forests, dealing with
climate change — are difficult to implement
because the underlying goalis still GDP growth,
and these things getinthe way of that,” he says.

People applying slow-water approaches are
doing what they caninthe dominanteconomy.
But Costanzasays that people canbetter pro-
tectsocial capital and environmental systems
by switching from GDP to metrics such as the
Genuine Progress Indicator or one of “literally
hundreds” of alternatives, he says.

Changingsociety’s fundamental goals might
seem like a high bar, but some of these metrics
have already been adopted by governments
in Maryland, Vermont, Bhutan and New Zea-
land. Such shifts move beyond greenwashed
versions of a circular economy and help to
facilitate water detectives’ work in caring for
water systems so that they can sustain human
and other life.

Erica Gies is a journalist based in San
Francisco, California and the author of Water
Always Wins: Thriving in an Age of Drought and
Deluge (Univ. Chicago Press, 2022).
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Correction

The first sentence in this article erroneously
claimed that low river levels in China led to
floods in Pakistan. In fact, the two events
were separate. And in the final paragraph,
the phrasing about society’s fundamental
goals has been clarified.

© 2022 Springer Nature Limited. All rights reserved.

Nature | Vol 611| 17 November 2022 | $15



